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Objective: The aim of the study was to describe temporal trends in
screening and outcomes for women, after changes in guidelines in Alberta,
Canada, that raised starting age to 21 years, then to 25 years of age, and re-
duced frequency to 3 yearly.
Materials andMethods: Calgary Laboratory Information System data
were used to examine screening rates, follow-up procedures, and cancer
among women 10–29 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 10-year period.
Results: Annual screening rates dropped by approximately 10% at all
ages older than 15 years after the 2009 Alberta cervical cancer screening
guidelines, followed by a steady decrease. Further change continued subse-
quent to minimal apparent effect of the 2013 Canadian Task Force on Pre-
ventive Health Care guidelines. The rates of abnormal test results decreased
in concert with decreased screening. No increases in cervical intraepithelial
neoplasia 1, cervical intraepithelial neoplasia 2/3, or invasive cervical can-
cer rates were observed after reduced testing.
Conclusions: The largest decrease in screening and follow-up procedures
occurred in the period immediately after implementation of 2009 Alberta
screening guidelines. The number of consequent procedures also decreased
in proportion to decreased screening, but therewas no increase in cancer rates.
Starting screening at the age of 25 years and reducing intervals seem to be safe.
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R ecommendations for cervical cancer screening have evolved
over time as new evidence has become available.1,2 Canadian
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and administered by each province. In Calgary, Alberta, cervical
screening is largely performed by family physicians3 and follow-
up colposcopy by focused-practice gynecologists. Since 2003,
an organized screening program coordinates invitation and re-
minder letters, colposcopy, and laboratory quality assurance.4 Be-
fore 2009, most women older than 18 years were screened
annually.5 In October 2009, the Alberta provincial guidelines were
changed to recommend screening initiation for sexually active
women at the age of 21 years and, after 3 tests within 5 years, to
repeat every 3 years.6 Subsequently in February 2013, the Cana-
dian Task Force on Preventive Health Care (CTFPHC) recom-
mended against screening younger than 25 years and endorsed
the 3-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 on-
set and frequent screening, more advanced diseasewill present, ei-
ther before screening commencement, 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 citywide pathology service database, we sought to de-
scribe how physicians and women in Calgary responded to these
changes in recommendations2,6 and their effects on outcomes. We
measured the rates of cervical cancer screening for each age group
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 (CIN) 2/3 and inva-
sive cervical cancer through this period.
METHODS
We performed a population-wide audit of cervical screening,

subsequent follow-up testing, and outcomes over 10 years, in a
city of approximately 1.3 million people, 50% female. The popu-
lation increased by 15% from 2007 to 2016.13
DATA SOURCE
Calgary Laboratory Services provides all cytopathology ser-

vices and cervical pathology specimen analysis to Calgary and sur-
rounding regions in Southern Alberta since 2006. Cervical cancer
screening data and pathology results without personal identifying
information were extracted from the Laboratory Information Sys-
tem (LIS) from January 01, 2007, to December 31, 2016. The ex-
tracted variables were as follows: LIS-generated patients' proxy ID
numbers, date of birth, physician's name and clinic address, labora-
tory site, dates of screening and laboratory reading, result, and
follow-up recommendations. Ethics approval for the study was
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obtained from the University of Calgary Conjoint Health Review
Board (REB13-0376).

Inclusion Criteria. We included all cervical cytology test
requisitions ordered by a family physician for 10- to 29-year-old
women with a valid Alberta health care 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.

Abnormal test rates are determined from the diagnosis given
by the Calgary laboratory services and the population estimate for
that year and age group. To investigate the consequences of subse-
quent diagnostic testing after abnormal screening tests, we counted
all biopsies including cervical, loop electrosurgical excision proce-
dure (LEEP), 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 because
guidelines now recommend a biopsy be taken at every colposcopy.
We then measured the precancers and invasive cervical cancer re-
ported from these specimens.

DATA ANALYSIS
Population-adjusted cervical cancer screening rates were cal-

culated using Statistics Canada census data and annual estimates
to provide the denominators.13 We do not provide confidence in-
tervals for these rates, because the data come from a total popula-
tion. To assess the effect of guideline changes, we used interrupted
time series analysis (ITSA) to evaluate changes in cervical screen-
ing test rates.14 The ITSA uses segmented linear regression, which
divides a time series into preintervention and postintervention seg-
ments. 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 January 2013; to evaluate
postguideline changes, we considered that it was the start of the
second intervention. Thus, 3 periodswere constructed for compar-
ison of rates: the preintervention period 2007–2009 and the 2 post-
intervention time periods, 2010–2012 and 2013–2016. A linear
regression model in ITSA has 2 parameters: the level and slope.
A change in level between the preintervention and postintervention
segments indicates an immediate change and a change in slope repre-
sents postintervention change per year.14 The changeswere estimated
and compared in ITSA using the Newey-West estimator, and the
p value of less than .05 was used as the threshold for statistical sig-
nificance between preintervention and postintervention segments
FIGURE 1. Cervical screening tests by age in Calgary from 2007 to 201

2 © 2020 The Au
(further details of the ITSA methodology are attached as Appen-
dix 1, http://links.lww.com/LGT/A190). All analyses were con-
ducted using Stata/SE Version 14 (College Station, TX).

The funding source had no input to design, analysis, writing,
and reporting of this study.

RESULTS
We analyzed 435,772 tests on approximately 130,000 women

over the 10-year period. Between the ages of 10 and 14 years, there
were an average of 52 tests per year between 2007 and 2009, which
reduced to an average of 5 per year in 2014–2016. Subsequent ab-
normal results were too few to analyze. Figure 1 depicts cervical
cancer screening rates for individual ages from 15 to 29 years.
Slight declines occurred in the first 3 years, and then after the Al-
berta 2009 recommendations, immediate reductions by approxi-
mately 10% were observed, less at lower ages. Subsequently, rates
continued to decrease, relatively more for the youngest ages and
less for those older than 22 years. The gradual decline continued
with little apparent change after the 2013 CTFPHC cervical cancer
screening recommendations, except for women aged 21–25 years,
where a small further change is apparent. To determine whether
there is seasonality in screening rates, we also analyzed the quar-
terly data and observed no differences (results not shown).

Table 1 aggregates data in three 5-year age groups 15–19,
20–24, and 25–29 years. Among women aged 15–19 years, an-
nual screening rates decreased from 16.9% in 2009 to 1.8% in
2016. For the ages of 20–24 years, the test rate declined from
53.2% to 27.1%, and for the ages of 25–29 years, the test rate de-
clined from 59.6% to 38.7%. Table 2 aggregates data in the three
5-year age groups for abnormal screening results and subsequent
diagnostic testing. Figure 2 shows the trend of ITSA analysis
based on the rates of three 5-year age groups presented in Tables 1
and 2. Observed screening rates are presented as yearly data points,
and the predicted line shows the trend of changes in ITSA. As cer-
vical screening rates declined, the rate of diagnosed abnormalities
declined in parallel. The cervical biopsy rate changed in a more
complex manner. Table 3 provides the statistics of changes be-
tween pre– and post–guideline recommendations. It confirms that
the changes include an immediate drop in screening rates after the
late 2009 guidelines (p < .001 for all 3 age groups) and then a de-
cline 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 and Figure 2 demonstrate that there already were
nonsignificant declines in abnormal readings, and then after the
6.
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TABLE 1. Cervical Cancer Screening Ratea by Age Groups and Year

No. women who had a cervical screening test Female population Cervical screening rates, %

Year/age 15–19 y 20–24 y 25–29 y 15–19 y 20–24 y 25–29 y 15–19 y 20–24 y 25–29 y

2007 6863 21,391 27,704 39,540 38,970 45,120 17.4 54.9 61.4
2008 6707 20,871 28,109 38,610 39,300 47,610 17.4 53.1 59.0
2009 6317 20,450 28,703 37,330 38,460 48,170 16.9 53.2 59.6
2010 3616 16,812 24,448 37,050 38,370 48,760 9.8 43.8 50.1
2011b 2614 15,222 23,094 37,430 39,170 50,470 7.0 38.9 45.8
2012 1879 14,611 22,318 37,660 40,200 51,960 5.0 36.3 42.9
2013 1434 13,710 22,166 38,120 40,820 54,030 3.8 33.6 41.0
2014 1196 13,680 22,607 38,400 40,750 55,750 3.1 33.6 40.5
2015 1047 13,327 22,757 39,070 39,970 55,250 2.7 33.3 41.2
2016b 694 10,649 20,776 39,030 39,240 53,630 1.8 27.1 38.7

aRates are calculated using the total female population of Calgary for that age group and year as the denominator.
bIndicates census years: other year populations are estimates.
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2009 Alberta guidelines, there was an immediate decrease in ab-
normal test rates for those aged 15–19 years, but not for those
older, followed by decreases for all 3 age groups. After the 2013
guidelines, there was minimal difference for the youngest group,
the decline continued at nonsignificantly lower rates for those
younger than 24 years, and the 25- to 29-year age group showed
a slight increase in abnormal test results.

Table 3 and Figure 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. Af-
ter the 2013 guidelines, the decline persisted with no significant
changes among those aged 15–19 and 20–24 years. However, cer-
vical biopsy rates for the 25- to 29-year-old group increased by
0.4% (95% CI = 0.1–0.7, p≤ .001) and rose thereafter. Loop elec-
trosurgical excision procedure 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.

Cervical Biopsy Results and Invasive Cervical Cancer
Table 4 presents declining numbers of biopsies and rates

expressed as percentage of the population in that age group, in
TABLE 2. Abnormal Screening and Subsequent Diagnostic Testing

Year

15–19 y 20

Abnormal
screening
result

Women who
had cervical
biopsies

Cervical
LEEP/cone
biopsies

Abnormal
screening
result

Wom
had
bio

n

2007 1182 (2.99) 295 (0.75) 33 (0.08) 3785 (9.71) 2353
2008 1054 (2.73) 307 (0.80) 34 (0.09) 3391 (8.63) 2824
2009 1062 (2.84) 334 (0.89) 20 (0.05) 3303 (8.59) 2958
2010 709 (1.91) 156 (0.42) 6 (0.02) 3100 (8.08) 1746
2011 480 (1.28) 83 (0.22) 2 (0.01) 2590 (6.61) 1635
2012 339 (0.90) 45 (0.12) 2 (0.01) 2457 (6.11) 1364
2013 252 (0.66) 31 (0.08) 0 (0.00) 2302 (5.64) 1346
2014 170 (0.44) 14 (0.04) 3 (0.01) 2383 (5.85) 1536
2015 140 (0.36) 11 (0.03) 0 (0.00) 2237 (5.60) 1289
2016 109 (0.28) 4 (0.01) 0 (0.00) 1782 (4.54) 1167

Percentages are calculated using the total female population of Calgary for t

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
proportion to the reduction in number of tests. It also shows the re-
ductions in numbers of pathological diagnoses for the women. For
15- to 19-year-old women, biopsies and diagnoses dropped to
zero. Among 20- to 24-year-old women, the CIN I and atypical
squamous cells of undetermined significance rate decreased from
2% in 2007 to 1% in 2016, whereas CIN 2 and 3 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 among 20- to 24-year-old women dur-
ing 2007–2016. By contrast, among 25- to 29-year-old women, the
total biopsy rateswere similar in 2007 and 2016with fluctuation be-
tween. Similarly, the diagnosis of CIN I increased from 1% in 2007
to 2% in 2016, but the CIN 2 and 3 rates dropped from approxi-
mately 1.5% to approximately 1% over the 10-year study period.
All the invasive cancer cases (n = 8) diagnosed from 2007 to
2016 among 25- to 29-year-old women were adenocarcinomas.

DISCUSSION
Initially, there was considerable screening among teenagers,

progressively more frequent with age, increasing to approximately
60% of women older than 22 years being screened each year.
Rates in Calgary, AB

–24 y 25–29 y

en who
cervical
psies

Cervical
LEEP/cone
biopsies

Abnormal
screening
result

Women who
had cervical
biopsies

Cervical
LEEP/cone
biopsies

(%)

(6.04) 282 (0.72) 3003 (6.66) 2499 (5.54) 305 (0.68)
(7.19) 313 (0.80) 2767 (5.81) 3102 (6.52) 408 (0.86)
(7.69) 270 (0.70) 2865 (5.95) 3512 (7.29) 330 (0.69)
(4.55) 163 (0.42) 2749 (5.64) 2100 (4.31) 322 (0.66)
(4.17) 156 (0.40) 2377 (4.71) 2098 (4.16) 268 (0.53)
(3.39) 115 (0.29) 2311 (4.45) 1911 (3.68) 232 (0.45)
(3.30) 109 (0.27) 2368 (4.38) 2314 (4.28) 249 (0.46)
(3.77) 125 (0.31) 2432 (4.36) 2891 (5.19) 244 (0.44)
(3.22) 108 (0.27) 2544 (4.60) 3016 (5.46) 261 (0.47)
(2.97) 86 (0.22) 2477 (4.62) 2995 (5.58) 214 (0.40)

hat age group and year as the denominator.

he ASCCP. 3



FIGURE 2. Trends in annual rates of cervical screening, abnormal results, and cervical biopsy among women aged 15–29 years in Calgary
from 2007 to 2016.
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After the 2009 guidelines, therewas an immediate drop of approx-
imately 10% and thereafter a steady decline, minimally affected
by the 2013 recommendations of the Canadian Task Force on Pre-
ventive 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 years. For
women aged 25–29 years, after declines in screening and abnor-
mal results as for the younger groups, there was a slight rise of ab-
normal results and biopsy. The rates of CIN 2 and 3 among the
biopsies declined for those younger than 24 years and remained sta-
ble among those aged 25–29 years. There has been a general move
away from treating women younger than 25 years aggressively with
LEEPs and biopsies, with changed colposcopy guidelines in Canada
andUnited States.15,16 No invasive squamous carcinomawas found
during this period among women younger than 30 years, and there
was no measurable trend in adenocarcinoma detection.

Physicians were informed about the change of guidelines in
2009 by onemail-out.Womenwere informed throughmedia cover-
age, the “Screening for Life”Web site, 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 older than 21 years should have reduced dramatically
4 © 2020 The Au
and then resumed at a lower rate after 2 years, because the interval
had lengthened from annual to every 3 years. After 2009, when Cal-
gary Laboratory Services received samples from girls younger than
15 years, pathologists made comments on the reports and some-
times phoned the ordering physicians to ask why the test was per-
formed and encourage them to follow the guidelines (Waghray R,
personal communication, February 18, 2020). This likely affected
testing among older adolescents as well. The Canadian Task Force
Guidelines2 were publicized through national media, with distribu-
tion to members of the Canadian Medical Association with their
journal. However, the provincial screening program did not update
their guidelines following the 2013 CTFPHC recommendations,
until 2016, when the start age of 25 years was adopted, so no extra
local publicity occurred until then.6 Our data demonstrate that
health care providers mostly follow the provincially based screen-
ing program guidelines.

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 abnormalwas stable,
so the overall rate of abnormal test results among the total female
population decreased in proportion to the reduced number of tests.
thor(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.
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After initiation of sexual activity, more than 80% of women
are infected with human papillomavirus (HPV). Infections are
mostly asymptomatic, and 90% are cleared by the immune sys-
tem.17 A few oncogenic HPV types might persist but usually take
10–20 years for progression to cancer.18 However, many women
younger than 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 other-
wise resolve spontaneously causes physical and psychological
harm20 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 studies22 and often lead to anxi-
ety.20 After an abnormal screening test, follow-up procedure such
as colposcopy may produce pain, bleeding, and discharge. In ad-
dition, LEEP procedures may double the rates of premature la-
bor.23 This risk is more serious in younger women who are less
likely to have started or completed their families and most can
be classified as “overtreatment” because few of these lesions
would progress to cancer.23

The ability of screening to reduce the few cases of invasive
cancer among youngwomen is limited. In countries where screen-
ing starts at the age of 20 years, rates of cervical cancer in women
younger than 25 years are not significantly different than in coun-
tries that start screening at the age of 30 years.21,24,25 A
population-based case-control study in United Kingdomwith pro-
spectively recorded data also demonstrated that cervical screening
in women aged 20–24 years has little or no impact on rates of in-
vasive cervical cancer up to the age of 30 years.26 These findings
corroborate the evidence from UK, US, Canadian, and Australian
national statistics where regular and frequent screening among
young women made minimal difference to incidence and mortal-
ity in such young women.2,25–28 The American Cancer Society
guidelines also recently changed to start screening from the age
of 25 years.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 precancers
changes dramatically as cancer incidence rises with age.30 Under-
standing 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
are sometimes difficult.32

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,
womenwith lower social status and new immigrants are less likely
to be screened.33 Because all pathology specimens in the region
are sent to the Calgary Laboratory Services the study captured
all tests from this population. Liquid-based cytology was intro-
duced to Calgary in 2006, and reflex HPV testing was intro-
duced for women older than 30 years, but there were no changes
in laboratory protocols for those younger than 29 years, whereas
diagnostic criteria were stable during the 10-year study period.
The screening program was extended to the whole province but
was stable in Calgary for the study period. We have no data on
referrals to colposcopy, so as an indicator of colposcopy, we
measured the number of women who had biopsies. Colposcopy
policies changed over this period from being selective to taking
a biopsy on every patient, which likely accounts for the rises in
he ASCCP. 5
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biopsy rates. 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 1 year, the proportion of women be-
ing screened is higher than these percentages. Because we could
not determine whether tests were part of a follow-up for an abnor-
mal result, such women were included in our counts, thus increas-
ing the apparent numbers screened. Future studies should exclude
follow-up tests and measure how many women have more than 1
screening test in 3 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 we could not use women eligible for
screening as a denominator. Hysterectomy prevalence among
these young women is less than 1 per 1,000, so we did not make
allowance for hysterectomies. We did not link data, so we cannot
discern whether women who developed adenocarcinoma had pre-
viously been screened.

Human papillomavirus mass immunization programs ini-
tially commenced in Alberta in the 2008/2009 academic year with
the cohort of girls born in 1997/1998.34 For a 3-year catch-up pro-
gram in 2009/2010, the vaccine was also given to grade 9 girls
born in 1995/1996 and the subsequent 3 years. However, only ap-
proximately 70% were immunized. Thus, they were 12 years old
at the beginning of the study, and by 2016, they were aged
20 years.34 In addition, fewer than 5% of older women paid for
their own immunization. Immunization likely has caused some re-
duction in abnormalities in the later years of the study.

Conclusions
Cervical screening rates among young women in Calgary

have declined slowly after guideline changes. Less testing leads
to less diagnosis of abnormalities, therefore presumably fewer re-
ferrals for colposcopy, and subsequent potential for harms to
women. With the changed pattern of practice, large numbers of
abnormalities remain undetected among young women and seem
likely to have regressed spontaneously, so these women do not ex-
perience from overdiagnosis and unnecessary colposcopy, biopsy,
or treatment. These results in a total population study should pro-
vide reassurance that it is safe to raise the starting age for screen-
ing to 25 years, even before HPV immunization of young women
is universal. Resources should be focused on women with lower
rates of cervical screening, such aswomen living in rural areas, in-
digenous, and immigrant women. A first test for these women at
higher risk provides more value than testing women at low risk
who are younger than 25 years.
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