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Abstract

Background: In 2012, updated cervical cancer screening recommendations were released with consensus on
Papanicolaou (Pap) testing every 3 years for women age 21–65 years or Pap–human papillomavirus (HPV)
cotesting at 5-year intervals for women age 30–65 years. Primary study aims: Assess current use of Pap-HPV
cotesting and describe local population trends over time in Pap and Pap-HPV cotesting. Secondary aim: Assess
sociodemographic factors correlating with screening.
Methods: We assessed Rochester Epidemiology Project data for Pap and Pap-HPV cotesting among women age
16 years and older living in Olmsted County, Minnesota, yearly from 2005 (study population n = 47,203)
through 2016 (study population n = 49,510). We calculated 3-year (Pap) and 5-year (Pap-HPV) moving prev-
alence rates of screening as proportion of eligible population. Multivariable logistic regression was used to
assess factors potentially associated with screening.
Results: In 2016, 64.6% of 27,418 eligible 30- to 65-year-old women were up to date with cervical cancer
screening; 60.8% had received Pap-HPV cotest screening. Significant declines in Pap completion rates over
time were observed in all age groups, including an unexpected decline in 21- to 29-year-old women. Coincident
with decreasing Pap screening rates, Pap-HPV cotesting significantly increased among women age 30–65 years,
from 10.0% in 2007 to 60.8% in 2016.
Conclusions: This suggests increasing adoption of 2012 screening recommendations in the 30- to 65-year-old
population. However, decline in Pap screening among 21- to 29-year-old women is concerning. Disparities by
race, ethnicity, smoking status, and comorbidity level were observed. Results suggest need for multilevel
patient and clinician interventions to increase cervical cancer screening adherence.
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Introduction

In 2018, an estimated 13,240 cases of invasive cervical
cancer will be diagnosed and an estimated 4,170 cervical

cancer-related deaths will occur in the United States.1 Al-
though Papanicolaou (Pap) screening has reduced incidence
of cervical cancer and death by more than 60% since being
introduced in the 1950 s,2 underscreened and especially
never-screened women continue to be at particularly high

risk.3–5 Multiple organizations provide recommendations for
cervical cancer screening, including the U.S. Preventive
Services Task Force,6 the American Cancer Society (ACS) in
conjunction with the American Society for Colposcopy and
Cervical Pathology (ASCCP) and the American Society
for Clinical Pathology,7 and the American College of
Obstetricians and Gynecologists (ACOG).8 Previously,
concordance did not exist between the recommendations of
these groups. However, with updates published in 2012,
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consensus has developed among the organizations, advising
Pap testing every 3 years for women age 21–65 years or Pap–
human papillomavirus (HPV) cotesting at 5-year intervals for
women age 30–65 years. ACOG, ACS, and ASCCP have
recommended Pap-HPV cotesting as the preferred screening
method for women age 30–65 years.

Reported population adherence to recommended cervical
cancer screening tests is generally high. Data from the 2015
National Health Interview Survey (NHIS) indicate that
81.1% of women age 21–65 years report having had a Pap test
within the past 3 years.9 However, this rate is below the
Healthy People 2020 goal of 93%,10 and declines have been
noted in Pap testing among women age 21–65 years between
2000 and 2015.9 Among women 30–65 years of age, Pap-
HPV cotesting has a lower false-negative rate than Pap
testing alone because use of the HPV cotest reduces the
likelihood of missing an abnormality. Use of HPV cotesting
also may improve detection of glandular cell abnormalities
compared with the use of Pap testing alone.11 Despite these
benefits, national self-reported rates of Pap-HPV cotesting
are much lower than self-reported Pap test rates, with 41.0%
of women age 30–39 years; 29.8%, age 40–49; and 20.3%,
age 50–65 years reporting Pap-HPV cotesting within 3
years.9 However, a recent analysis of claims data indicated an
increase in rates of Pap-HPV cotesting among women age
30–65 years from 2005 to 2014.12

The primary aims of our study were to assess current rates
of Pap-HPV cotesting in Olmsted County, Minnesota, and to
describe trends over time in both Pap testing and Pap-HPV
cotesting in our local population in the context of the 2012
national screening recommendations. Our secondary aim was
to evaluate sociodemographic correlates of being up to date
with cervical cancer screening in the 2016 population.

Materials and Methods

Our study used the research infrastructure of the Rochester
Epidemiology Project (REP) to assess completion of Pap test
and Pap-HPV cotest among adolescent girls and women age
16 years and older living in Olmsted County, Minnesota, each
year from 2005 to 2016. REP is a data linkage research in-
frastructure that captures virtually all health care in Olmsted
County.13–16 It links health care visit dates to address infor-
mation; this information is used to define residency at a given
point in time (REP Census). Population coverage for Olmsted
County is nearly complete.15

We identified women residing in Olmsted County on
January 1 each year from 2005 to 2016 and included those
who gave authorization to use their medical records for re-
search (96% of the eligible population; Minnesota State
privacy law Statute 144.335, 1997). We electronically sear-
ched the diagnostic indexes of REP to extract International
Classification of Diseases, Ninth Revision, and International
Classification of Diseases, Tenth Revision, and Current Pro-
cedural Terminology17 code sets for screening Pap (CPT
codes) and HPV testing (CPT and laboratory codes) from
2003 to 2016 (Supplementary Table S1; Supplementary Data
are available online at www.liebertpub.com/jwh). Persons
with the following characteristics were excluded: cervical
dysplasia or carcinoma in situ; cervical cancer; prior hys-
terectomy or cervicectomy; HIV diagnosis; history of
in utero exposure to diethylstilbestrol; or solid organ trans-

plant. They were excluded because these characteristics
would alter the recommended screening interval.

Demographic variables, tobacco use, and comorbid diag-
noses were obtained electronically from the linked health
care information available from REP. All study procedures
were approved by Mayo Clinic and Olmsted Medical Center
Institutional Review Boards.

Statistical analyses

Demographic information describing the 2005 and 2016
study populations (yearly population minus exclusions) were
calculated. Three-year (Pap testing) and 5-year (Pap-HPV
cotesting) moving prevalence rates of screening were cal-
culated as a proportion of the study population. The rate of
Pap testing was defined as at least 1 Pap test in the current
year or the previous 2 years. The rate of Pap-HPV cotesting
was defined as at least 1 cotest (defined as Pap and HPV test
done within the same week) in the current year or the pre-
vious 4 years. We were not able to distinguish between reflex
HPV testing and HPV testing performed as part of a cotest,
although HPV reflex testing represents a low proportion of
the total HPV testing performed in our cytopathology labo-
ratory (95% cotest vs. 5% reflex HPV). Pap test and HPV data
were available from 2003 to 2016; therefore, rates of Pap
testing were calculated for the 2005–2016 period and rates of
Pap-HPV cotesting calculated for 2007–2016. A statistical
trend analysis was performed with logistic regression models,
used to test for temporal trends in Pap testing and Pap-HPV
cotesting by age group. Generalized estimating equations
accounted for repeated measurements among individuals.
Prevalence rates of Pap testing and Pap-HPV cotesting by age
group were summarized graphically. Multinomial logistic
regression was used to assess factors that might be associated
with completion of Pap or Pap-HPV cotesting in the 2016
population compared with no Pap testing or no Pap-HPV
cotesting. Variables assessed included age, race, ethnicity,
smoking status, and Charlson Comorbidity Index. Results are
reported as odds ratios (ORs) and 95% confidence intervals
(CIs). p values <0.05 were considered statistically significant.
All analyses were performed with SAS version 9.4 (SAS
Institute, Inc.).

Results

The yearly population of women in the REP increased
from 56,848 in 2005 to 62,092 in 2016. The percentage that
was excluded was consistent and ranged from 17.0% to
20.3% over the 12 years. The distribution of the reasons for
exclusion was as follows: prior hysterectomy, 36.5%; cervi-
cal dysplasia or carcinoma in situ, 17.0%; cervical cancer,
5.5%; HIV, 4%; in utero diethylstilbestrol exposure, 1.5%;
solid organ transplant 0.5%; and 2 or more of the above
exclusion criteria, 35%. The final study populations ranged
from 47,203 to 49,510 across the time frame. Socio-
demographic characteristics of the 2005 and the 2016 eligible
populations are summarized in Table 1. Most women in our
population in both 2005 and 2016 were age 30–65 years,
white, and non-Hispanic.

In the 2016 population, 64.6% of study-eligible women,
age 30–65 years, were up to date with cervical cancer
screening; 60.8% were screened with Pap-HPV cotest within
5 years and 3.9% were screened with Pap test within 3 years.
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Among screening-eligible women age 21–29 years, 53.8%
were adherent with screening, with the majority appro-
priately screened with Pap tests (47.3%) rather than Pap-
HPV cotests (6.5%). Total Pap and Pap-HPV cotest screening
rates in 2016 for adolescent girls and women age 16 to less
than 21 years and more than 65 years were appropriately
low, 2.1% and 8.8%, respectively, and were consistent with
recommendations against screening women in those age
groups.

Figure 1 illustrates trends over time in Pap testing every 3
years by age group. Significant declines in Pap test rates were
observed from 2005 to 2016 in every age group ( p < 0.01).
Among adolescent girls and women age 16 to less than 21
years, Pap screening rates that were 28.8% in 2005 decreased
to 1.8% in 2016. Pap test rates among women 21–29 years of
age decreased from 62.8% in 2005 to 47.3% in 2016. For
women 30–65 years of age, Pap test rates decreased from
67.5% in 2005 to 3.9% in 2016. Pap test screening for women
older than 65 years decreased from 24.2% to 0.6%.

Trends in Pap-HPV cotesting every 5 years (Fig. 2) varied
by age group, with a small but significant decline among
adolescent girls and women age 16–21 years from 3.0% in
2007 to 0.2% in 2016 ( p < 0.01). For women age 21–29 years,
the underlying trend for Pap-HPV cotesting varied signifi-
cantly over time ( p < 0.01). However, the observed changes
were nonlinear, where rates of Pap-HPV cotesting increased
between 2007 and 2010, from 6.4% to 8.5%, and returned to
6.5% in 2016. A significant increase in Pap-HPV cotesting
was observed for women age 30–65 years, from 10.0% in
2007 to 60.8% in 2016 ( p < 0.01). This change correlates
with the decrease in Pap test rate from 2005 to 2016 in that
age group. Pap-HPV cotest rate increased in women older
than 65 years from 2007 (0.9%) to 2016 (8.3%), but overall,
the rates in this age group were low ( p < 0.01).

Sociodemographic predictors of screening in the 2016
population are presented in Table 2. Compared with white
women, Pap testing and Pap-HPV cotesting were less likely
among black women (Pap-adjusted OR [95% CI], 0.56 [0.49–
0.64]; cotest-adjusted OR [95% CI], 0.50 [0.45–0.55]) and
Asian women (Pap-adjusted OR [95% CI], 0.74 [0.64–0.85];
cotest-adjusted OR [95% CI], 0.69 [0.63–0.76]). Hispanic
women were less likely to have had Pap-HPV cotesting than
non-Hispanic women (adjusted OR [95% CI], 0.84 [0.74–
0.94]). Compared with never smokers, prior smokers (Pap-
adjusted OR [95% CI], 2.48 [2.31–2.67]; cotest-adjusted OR
[95% CI], 3.08 [2.92–3.24]) and current smokers (Pap-
adjusted OR [95% CI], 1.68 [1.44–1.94]; cotest-adjusted OR
[95% CI], 1.39 [1.24–1.56]) were more likely to have been
screened. Greater multimorbidity as measured by Charlson
Comorbidity Index was associated with a lower likelihood of

Table 1. Descriptive Characteristics

of Study Population

2005 2016

Characteristics Patients, No. (%) Patients, No. (%)

Age, years
16 to <21 5,186 (11.0) 4,411 (8.9)
21 to <30 9,524 (20.2) 9,705 (19.6)
30–65 25,667 (54.4) 27,418 (55.4)
>65 6,826 (14.5) 7,976 (16.1)

Race
White 39,632 (84.0) 40,366 (81.5)
Black 1,910 (4.1) 2,932 (5.9)
Asian 2,155 (4.6) 3,110 (6.3)
Other 1,899 (4.0) 2,328 (4.7)
Unknown 1,607 (3.4) 774 (1.6)

Ethnicity
Hispanic 1,796 (3.8) 2,577 (5.2)
Non-Hispanic 43,900 (93.0) 46,266 (93.5)
Unknown 1,507 (3.2) 667 (1.4)

Smoking
Never 28,317 (60.0) 21,637 (43.7)
Past 16,874 (35.8) 25,520 (51.6)
Current 2,012 (4.3) 2,353 (4.8)

Charlson Comorbidity Index
0 39,424 (83.5) 40,423 (81.7)
1–2 5,247 (11.1) 5,685 (11.5)
3–4 1,506 (3.2) 1,835 (3.7)
‡5 1,026 (2.2) 1,567 (3.2)

FIG. 1. Percentage of Adolescent
Girls and Women Age 16 Years
and Older Who Had ‡1 Pap Test
Every 3 Years, 2005–2016. Pap,
Papanicolaou.
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screening (Pap-adjusted OR [95% CI], 0.94 [0.90–0.99];
cotest-adjusted OR [95% CI], 0.96 [0.94–0.98]).

Discussion

The primary aims of our study were to assess current use of
Pap-HPV cotesting and to describe trends over time in Pap
testing and Pap-HPV cotesting in the Olmsted County pop-
ulation. In concordance with updated national screening
recommendations and a recent analysis of claims data,12 a
significant increase in Pap-HPV cotesting was observed for
women age 30–65 years from 2007 to 2016. The rate ob-
served in our 2016 data exceeds the cotest uptake reported in
the 2015 NHIS data, although underreporting likely occurred

in the NHIS survey because women may not know whether
an HPV test was performed along with their Pap test.9 Rates
of HPV cotesting in our population were higher than those
observed in an analysis of claims data of privately insured
women across the United States in 2014, the most recent
comparable year of claims data reported. The women were
primarily enrolled in fee-for-service plans (71.6%), with the
largest percentage residing in southern states.12 In a large
academic medical center with greater racial diversity than our
population, comparable increases over time in use of Pap-
HPV cotesting for screening were reported for 27,035 women
age 30–65 years.18 The investigators reported Pap-HPV co-
testing rates as a proportion of all screening tests performed
and results were confirmed through a pathology data system,
with an observed increase from 8.9% in 2006 to 78.4% in 2013.

Significant declines in cervical cancer screening among
adolescent girls and women age 16 to almost 21 and older
than 65 years from 2005 to 2016 observed in our population
align with the 2012 recommendations. These recommenda-
tions are to initiate screening at age 21 years regardless of
sexual history, rather than to potentially start screening ear-
lier, and to discontinue screening in average-risk women with
adequate past screening after age 65 years. However, results
from a recent retrospective cross-sectional chart review of
3,920 Pap tests from women in a single metropolitan health
system showed that, among women identified as screening
ineligible based on 2012 recommendations, 40% of Pap tests
for women older than 65 years and 51% of Pap tests in
women younger than 21 years were not indicated.19 These
results illustrate the ongoing need to address overutilization
of cervical cancer screening tests. An especially concerning
observation in our study was the decline in Pap test screening
among women age 21–29 years, for whom the test is re-
commended. The downward trend is consistent with 2015
NHIS data that showed a decline in self-reported historical
screening in this age group, from 86.8% in 2000 to 77.6% in
2015.9 However, the screening rates in our population were
much lower, with declines in screening from 62.8% in 2005
to 47.3% in 2016; our observed trends were consistent with
those reported by Watson et al.12 in their analysis of claims
data from 2005 to 2014.

FIG. 2. Percentage of Adolescent
Girls and Women Age 16 Years
and Older With ‡1 Pap-HPV Co-
test Every 5 Years, 2007–2016.
Pap-HPV, Papanicolaou-Human
papillomavirus.

Table 2. Sociodemographic Predictors

of Screening

Predictor

Pap (Every 3
years),

OR (95% CI)

Pap-HPV
(Every 5 years),

OR (95% CI)

Age, years
21 to <30 Ref Ref
30–65 0.11 (0.10–0.12) 12.97 (11.86–14.18)

Race
White Ref Ref
Black 0.56 (0.49–0.64) 0.50 (0.45–0.55)
Asian 0.74 (0.64–0.85) 0.69 (0.63–0.76)
Other/unknown 0.80 (0.68–0.94) 0.67 (0.59–0.76)

Ethnicity
Non-Hispanic Ref Ref
Hispanic 1.05 (0.89–1.23) 0.84 (0.74–0.94)

Smoking
Never Ref Ref
Past 2.48 (2.31–2.67) 3.08 (2.92–3.24)
Current 1.68 (1.44–1.94) 1.39 (1.24–1.56)

Charlson
Comorbidity
Index

0.94 (0.90–0.99) 0.96 (0.94–0.98)

CI, confidence interval; HPV, human papillomavirus; OR, odds
ratio; Pap, Papanicolaou; Ref, reference.
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The secondary aim of our study was to assess socio-
demographic factors that may affect screening. In Olmsted
County, Pap and Pap-HPV cotest completion was more likely
among white women than among black women or Asian
women. Non-Hispanic women were more likely to have had
Pap-HPV cotesting than Hispanic women. These findings
are consistent with past studies highlighting racial disparities
in cervical cancer screening, particularly among black
and Hispanic women.20,21 In a report of 2015 NHIS data,
cervical cancer screening was lowest among Asian women
(75.8%).22 Non-Hispanic women (83.5%) recounted higher
overall Pap or Pap-HPV cotest completion at intervals con-
sistent with the 2012 recommendations than Hispanic wo-
men (78.6%).

Research results are mixed on correlation between smok-
ing status and cervical cancer screening compliance. Several
studies have reported lower likelihood of cervical cancer
screening compliance in smokers compared with nonsmok-
ers.23,24 However, in a cross-sectional analysis of Behavioral
Risk Factor Surveillance System data, MacLaughlan et al.25

distinguished between former, current, and never smokers in
reporting cervical cancer screening rates. They found that
screening compliance was highest among former smokers
(86.7%) compared with never smokers (83.7%) and cur-
rent smokers (81.7%; p < 0.001). In a report from the Joint
Canada/United States Survey of Health, current smokers in
the United States and current or former smokers in Canada
were more likely to be up to date with cervical cancer
screening than never smokers.26 Comparably, in the Olmsted
County population, the past or current smokers were more
likely to have completed screening Pap testing and Pap-HPV
cotesting than never smokers.

Greater multimorbidity, as measured by the Charlson
Comorbidity Index, was associated with a slightly lower
likelihood of screening in our study population. This finding
is consistent with earlier literature showing that increased
comorbidity27 and increased severity of disability28 are as-
sociated with less cervical cancer screening compliance. It
suggests that efforts are still needed to improve screening in
this vulnerable population.

Study limitations and strengths

The Olmsted County population is less ethnically diverse
than the U.S. population, which represents a limitation in
applicability of our findings in other regions, although it re-
flects the demographic characteristics of Minnesota and the
Upper Midwest.29 Overcounting of persons 20–29 years of
age is a recognized limitation of the REP data.15 We expect
that many of those persons are not full-time residents of the
community, but are able to continue coverage under their
parent’s insurance through age 25 years. If they receive
health care while in Olmsted County and have a local billing
address, they are counted as residents of the REP community.
However, if they obtain health care outside this community
(e.g., reproductive health care services from student health
services), this information is missed. An additional limitation
of our study is that we did not assess for overscreening. We
defined the rate of Pap testing as at least 1 Pap test in 3 years
and the rate of Pap-HPV cotesting as at least 1 Pap-HPV
cotest in 5 years. It is possible that some women had more
than 1 test during those time periods.

Strengths of the study include validated and longitudinal
Pap test and Pap-HPV cotest completion data in a defined
population. Past research has shown that self-reported cer-
vical cancer screening frequency is often overestimated.30–32

Overreporting may help explain the discrepancy between the
much lower screening rates observed in Olmsted County
compared with the 2015 NHIS data that were collected
through patient interviews and were dependent upon patient
recollection of screening type and date. For NHIS data, there
is no medical record review to confirm that testing was
completed, and therefore the data may be inaccurate.9 In
contrast, diagnosis and billing codes were used in the present
study to confirm Pap test and Pap-HPV cotest screening, not
patient self-reports.

Conclusion

We observed a significant upward trend in the uptake of
Pap-HPV cotesting as a screening method for women age 30–
65 years, along with an overall decline in screening of ado-
lescent girls and women 16 up to 21 years of age and greater
than 65 years. These findings suggest increasing adoption of
the 2012 national screening guidelines in the clinical prac-
tices captured in REP. However, the observed significant
declines in Pap test screening among women age 21–29 years
is concerning. Furthermore, cervical cancer screening rates
for all eligible women in our 2016 population are well below
the Healthy People 2020 goals, and disparities were observed
for race, ethnicity, smoking status, and comorbidity levels.
The results support the need for interventions and can inform
multilevel patient- and clinician-facing interventions to in-
crease cervical cancer screening adherence.
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