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Abstract

Objectives: Trends in the incidence of precancerous cervical lesions can be monitored to evaluate the impact of human
papillomavirus (HPV) vaccination. The objective of this analysis was to determine whether declines in precancerous cervical
lesions varied by area-based measures of poverty, race, and ethnicity.

Methods: We analyzed | | years of incidence data (2008-2018) from a statewide active surveillance system of precancerous
cervical lesions in Connecticut. We divided area-based measures of poverty, race, and ethnicity (percentage of the popula-
tion in a census tract who were living below the federal poverty level, who were Black, and who were Hispanic) at the
census-tract level into 4 groups (<5.0%, 5.0%-9.9%, 10.0%-19.9%, >20.0%) using recommended cut points from the Public
Health Disparities Geocoding Project. We estimated incidence rates and average annual percentage changes (AAPCs) strat-
ified by age and each area-based measure using Joinpoint regression software. We used total population and estimated
screened population as denominators for each age group to calculate rates and AAPCs.

Results: During 2008-2018 in Connecticut, |8 878 women aged 21-39 were diagnosed with precancerous cervical lesions.
After adjusting for screening, the largest declines occurred among women aged 21-24 (AAPC = —11.5%; 95% CI, —13.6% to
—9.4%). We found significant and similar annual declines (~10%-12%) in this age group across all 4 levels of poverty, race, and
ethnicity.

Conclusions: This analysis adds to the growing body of evidence demonstrating the positive impact of population-level
HPV vaccination among young women that appears similar across area-based measures of sociodemographic characteristics.
Monitoring is necessary to ensure the continuation of this progress in all communities.
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Monitoring trends in precancerous cervical lesions is useful for
evaluating the impact of human papillomavirus (HPV) vaccina-
tion on population health. Monitoring trends is especially
important in areas such as the United States that have not yet
reached optimal vaccination coverage. Data from the 2019
National Health Immunization Survey—Teen showed that just
54.2% of adolescents aged 13-17 years in the United States
received the recommended doses of HPV vaccine, which is

the individual level and in census-tract populations with high
proportions of poverty.* In addition, rates of cervical cancer,
advanced-stage diagnosis, and death from cervical cancer are
disproportionately higher among non-Hispanic Black and
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well below the 2030 Healthy People goal of 80%.' In addition,
monitoring trends by sociodemographic characteristics is
important to detect differences in vaccination impact. Disparities
in cervical cancer outcomes exist for both individual and area-
level socioeconomic measures.>> Advanced-stage diagnosis of
cervical cancer is associated with low socioeconomic status at
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Hispanic women compared with non-Hispanic White
women.*®

Vaccination can lead to reductions in HPV-related disease
outcomes across all levels of socioeconomic status and all racial
and ethnic groups. For reductions to occur, vaccination efforts
need to be widespread and may need to include special efforts to
vaccinate populations most at risk for developing cervical can-
cer, advanced-stage diagnosis of cervical cancer, and death
from cervical cancer. Analyzing trends in precancerous cervical
lesions by sociodemographic characteristics can indicate
whether efforts are on track to achieve equity in HPV-related
disease prevention. Previous studies in many countries found
significant declines in precancerous cervical lesions in young
women after the introduction of HPV vaccines.”'> However,
few studies have examined trends by measures of socioeco-
nomic status or race and ethnicity.”® In a recent systematic
review of HPV vaccination impact studies in the United States,
13 of the 23 included studies reported on sociodemographic
data. However, only 2 studies conducted a stratified analysis to
examine whether declines in HPV-related outcomes differed by
sociodemographic characteristics.

Analyses that use census tract area—based measures are use-
ful for identifying disparities in outcomes for various dis-
eases.>'* The attributes of census tracts reflect the communities
in which people live—jobs, resources, cultural norms/beliefs,
access to health care services, and other living conditions. Area-
based poverty, defined as the percentage of the population in a
census tract living below the federal poverty level, can be used
to group census tracts and evaluate socioeconomic disparities in
health outcomes, including cervical cancer.’ An analysis from
the Public Health Disparities Geocoding Project found that cen-
sus tracts with increasingly higher proportions of poverty were
associated with increasingly poorer health outcomes in infec-
tious disease, chronic disease, environmental exposures, and
maternal—child health.® This information can be used by policy
makers to direct funding and community outreach in places
where they are needed most.

The body of research on trends of HPV-related disease by
sociodemographic characteristics is small and somewhat dated
and shows mixed results. The objective of this analysis was to
examine 11 years of surveillance data in Connecticut (2008-
2018) to determine whether statewide trends in overall rates of
precancerous cervical lesions differ by area-based measures of
poverty, race, and ethnicity.

Methods

The Centers for Disease Control and Prevention began to
monitor the impact of HPV vaccination through population
surveillance of cervical intraepithelial neoplasia grades 2/3
and adenocarcinoma in situ (CIN2+) in 2008. Details of
these surveillance methods are available elsewhere.”” In
Connecticut, this surveillance was facilitated, beginning in
January 2008, by including CIN2+ on the list of conditions

required to be reported to the Connecticut Department of
Public Health by all pathology laboratories that serve
Connecticut residents. To maximize case finding, laborato-
ries that report >80% of cases are routinely audited for com-
pleteness and accuracy of reporting. This project was
reviewed by state and federal institutional review boards and
determined exempt from human subjects review because it
was deemed public health surveillance.

We restricted our analyses to female residents of
Connecticut aged 21-39. We excluded women aged <21
because of changes in clinical guidelines in 2012, which rec-
ommended this age group no longer undergo cervical cancer
screening.'® To calculate incidence rates, we obtained popu-
lation denominators from the 2010 US Census Bureau.'’

Because cervical cancer screening is a prerequisite for a
diagnosis of CIN2+, we also conducted analyses that used
population denominators adjusted for screening using data
from the Behavioral Risk Factor Surveillance System
(BRFSS) specific to Connecticut.'® The BRFSS is a random-
digit—dialed telephone (both landline and cell phone) survey
that asks participants about various health-related risk behav-
iors, chronic health conditions, and use of preventive ser-
vices such as cancer screenings. We calculated the proportion
of women screened for cervical cancer in Connecticut for
each year by age group. We estimated the population of
screened women by applying these proportions to the census
denominators for each age group.

We used ArcGIS version 10.8.1 (Esri) to geocode the res-
idential addresses of women diagnosed with CIN2+ who
were reported to the Connecticut surveillance system to the
census-tract level. We then matched geocoded cases to the
corresponding area-based measures obtained from the
American Community Survey 5-year estimates provided by
the US Census Bureau.'*?* We defined the area-based mea-
sure of poverty as the percentage of the population in a cen-
sus tract with an annual household income that was below
the federal poverty level. We defined the area-based mea-
sures of race and ethnicity as the percentage of Black resi-
dents and the percentage of Hispanic residents, respectively,
in a census tract. We divided these area-based measures into
4 groups: <5.0%, 5.0%-9.9%, 10.0%-19.9%, and >20.0% of
the census tract. We selected these categories a priori from
the cut points used in the Public Health Disparities Geocoding
Project.?

Statistical Analysis

We used Joinpoint Regression Program version 4.8.0.1
(Applications Branch, Surveillance Research Program,
National Cancer Institute) to model rates of CIN2+ over time
and estimate average annual percentage change (AAPC). We
first ran separate models for each age group. We included the
most parsimonious models (ie, models that contained either
0 or 1 joinpoint). A joinpoint is an inflection point at which a
significant change in the trend has occurred. We modeled
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Figure. Modeled estimates of the incidence and observed incidence of precancerous cervical lesions per 100 000 population, by age group
and year of diagnosis, among women aged 21-39, Connecticut, 2008-2018. (A) Total population. (B) Screened population. Data source:

HPV-IMPACT Program, Connecticut Emerging Infections Program.

rates for the total population of Connecticut and rates that
used an estimated population of screened women. We further
analyzed age groups in which significant declines occurred
by each area-based measure. We used ¢ tests to determine
significance at the P < .05 level. These analyses tested
whether declines occurred across the 4 levels of each area-
based measure in the total population and in the screened
population of the corresponding age group. We generated
separate models for each area-based measure. We generated
rates, AAPCs, and 95% CIs for each of the 4 levels of each
area-based measure.

Results

During 2008-2018 in Connecticut, 18 878 women aged 21-
39 were diagnosed with CIN2+; we successfully geocoded
98% of reported cases. The number of reported cases of
CIN2+ in the total population declined from 2117 in 2008
to 1276 in 2018 among women aged 21-39. Models for age
groups 21-24 and 25-29 were best fit with 1 joinpoint each,
in years 2011 and 2014, respectively (Figure A). Age
groups 30-34 and 35-39 were best fit with no joinpoints.
We observed significant declines in the incidence of
reported cases of CIN2+ in young women during the study
period. The AAPC was —14.9% (95% CI, —17.9% to
—11.8%) among women aged 21-24 and —4.5% (95% CI,
—5.8% to —3.1%) among women aged 25-29. We observed
no significant declines in CIN2+ among women aged 30-
34 or 35-39.

When we evaluated the incidence rates among women
screened for cervical cancer, we found significant declines
among women aged 21-24 (AAPC = —11.5%; 95% ClI,
—13.6% to —9.4%) but not among women in other age

groups. The best fit model for this age group had no join-
points. The incidence rate per 100 000 population among
women aged 21-24 screened for cervical cancer dropped
from 1277 in 2008 to 466 in 2018 (Figure B). For women
aged 25-29 screened for cervical cancer, the incidence rate
dropped from 890 in 2008 to 740 in 2018.

When we examined trends among women aged 21-24
by areca-based measures in the total population of women
aged 21-24, we observed significant declines in CIN2+
across all 4 levels of poverty. The magnitudes of these
declines were similar to one another, with AAPCs ranging
from —13.3% to —15.2% among the 4 levels. We found
similar results for area-based measures of race and ethnic-
ity. AAPCs ranged from —13.2% to —16.1% across all 4
levels of percentage Black and from —13.3% to —15.7%
across all 4 levels of percentage Hispanic (Table 1).

When we examined trends in the incidence of CIN2+
among screened women aged 21-24, declines were slightly
smaller than the declines among the total population of
women aged 21-24, but overall, results were similar.
Declines were significant across all 4 levels of poverty,
with AAPCs ranging from —10.0% to —12.2% (Table 2).
We found similar results for area-based measures of race
and ethnicity. AAPCs ranged from —-9.8% to —12.1%
across all 4 levels of percentage Black and —10.1% to
—12.3% across all 4 levels of percentage Hispanic
(Table 2).

When we examined trends in the incidence of CIN2+ in
the total population of women aged 25-29 by area-based
measures, we observed significant declines across all lev-
els of area-based poverty, race, and ethnicity (Table 1). As
we found for women aged 21-24, the magnitudes of decline
were similar to one another, with AAPCs ranging from
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Table |. Average annual percentage change (AAPC) in precancerous

cervical lesions among total population of women aged 21-24 and

25-29, by area-based measures of poverty, Black race, and Hispanic ethnicity, Connecticut, 2008-2018°

Percentage Poverty©

Black race Hispanic ethnicity

of population
of area-based

measure® No. AAPC (95% CI) No. AAPC (95% CI) No AAPC (95% CI)
Aged 21-24
<5.0 1686 =15.1 (=17.7 to =12.5) 2068 =16.1 (-19.7 to —12.4) 1542 -142 (=173 o -11.0)
5.0-9.9 1067 =152 (=178 to —12.6) 733 =142 (-16.5to —11.8) 1064 =157 (-17.1 to -14.3)
10.0-19.9 984 -133(-16.3t0 —10.2) 764 =132 (-17.0t0 -9.2) 758 -154 (-18.1 to —12.6)
>20.0 997 =151 (-19.0to =1 1.1) 1169 -14.7 (-18.6 to —10.5) 1370 =133 (-17.4 to -9.0)
Aged 25-29
<5.0 1945 -4.1 (5.5 to -2.6) 2438 -4.1 (-6.1 t0 -2.2) 1662 -4.4 (-5.8 to -2.9)
5.0-9.9 1437 -3.9 (6.3 to - 1.5) 1025 -4.2 (6.3 to —2.0) 1433 -3.7 (=59t -1.3)
10.0-19.9 1580 =5.1 (-7.5to -2.7) 1225 =5.0 (7.2 to -2.6) 253 =5.0 (7.1 to -2.9)
>20.0 1489 -2.9 (-5.3 to -0.4) 1763 -3.5(-6.1 to -0.8) 2103 -3.1 (-5.5t0 -0.7)

?Data source: HPV-IMPACT Program, Connecticut Emerging Infections Program.

®Area-based measures of poverty, race, and ethnicity (percentage of the population in a census tract who were living below the federal poverty level, who were
Black, and who were Hispanic) at the census-tract level divided into 4 groups using recommended cut points from the Public Health Disparities Geocoding Project.?

“Defined as living below the federal poverty level.

—2.9% to —5.1% (Table 1). However, when we examined
trends in this age group among screened women, declines
were smaller, and none were significant in any of the area-
based measures or across any of the levels (Table 2).

Discussion

Our analysis contributes to the growing body of evidence
that demonstrates the population-level impact of HPV vacci-
nation. Our results demonstrated large, significant declines
in the incidence of CIN2+ among women aged 21-24 and

25-29, who were more likely than older women to have been
vaccinated before exposure. We did not observe significant
declines among women aged 30-34 and 35-39, who were
less likely than women aged 21-24 or 25-29 to be vaccinated
before exposure (if at all). During the study period, the vac-
cination rate for adolescent girls aged 13-17 years in
Connecticut increased from 45.0% in 2008 to 69.1% in
2019.%' These results are consistent with other studies in the
United States and internationally that demonstrate the impact
of HPV vaccination on young women since vaccine
introduction.'"*'?

Table 2. Average annual percentage change (AAPC) in precancerous cervical lesions among screened women aged 21-24 and 25-29, by
area-based measures of poverty,” Black race, and Hispanic ethnicity, Connecticut, 2008-2018"

Poverty© Black race Hispanic ethnicity
No. of No. of No. of
Percentage of reported reported reported
population cases AAPC (95% CI) cases AAPC (95% CI) cases AAPC (95% CI)
Aged 21-24
<5.0 1686 =116 (-14.4 to -8.7) 2068 =-12.1 (-14.4 to —-9.8) 1542 -11.2 (-14.1 to —8.3)
5.0-9.9 1067 -12.2 (-142 to -10.1) 733 =11.1 (-14.0 to —8.0) 1064 =122 (-14.6 to —9.8)
10.0-19.9 984 -10.0 (-13.1 to —6.8) 764 -9.8 (-13.6 to -5.8) 758 -12.3 (-14.8 to —-9.8)
>20.0 997 -11.7 (-14.6 to —8.8) 1169 =114 (-14.0 to0 8.8) 1370 =10.1 (-12.7 to -7.4)
Aged 25-29
<5.0 1945 -0.3 (-2.0to 1.3) 2438 -02 (-22to0 1.9) 1662 -0.7 (-2.8 to —1.5)
5.0-9.9 1437 -0.1 (2.6 t0 2.8) 1025 -0.3 (24 to 1.8) 1433 -1.3(-3.2t0 0.6)
10.0-19.9 1580 -1.4 (-5.2to 2.6) 1225 =12 (-4.7 to 2.4) 1253 -1.2 (-44to0 2.1)
>20.0 1489 1.0 (-2.7 to 4.9) 1763 0.4 (-3.8t0 4.7) 2103 0.7 (-3.3 to0 4.9)

°Area-based measures of poverty, race, and ethnicity (percentage of the population in a census tract who were living below the federal poverty level, who were
Black, and who were Hispanic) at the census-tract level divided into 4 groups using recommended cut points from the Public Health Disparities Geocoding Project.?

®Data source: HPV-IMPACT Program, Connecticut Emerging Infections Program.
“Defined as living below the federal poverty level.
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Our study demonstrated similar declines in the incidence
of CIN2+ among young women across all levels of area-
based measures of poverty, race, and ethnicity, indicating a
significant and equitable impact of vaccination on all groups.
Few studies have examined the differences in trends of HPV-
related disease by sociodemographic characteristics, which
limits the ability to detect differences in vaccination impact
and determine whether disparities in cervical cancer may be
reduced or exacerbated by vaccination. Previous studies
have found mixed results.'®**>* Perkins et al** found equita-
ble declines in rates of genital warts among racial groups
over time, even though initial rates were disparate. In con-
trast, a study by Niccolai et al'® found that declines in cervi-
cal lesions were smaller among women residing in areas
with large proportions of residents living in poverty and
racial and ethnic minority groups than among women living
in areas with lower proportions of residents living in poverty
and racial and ethnic minority groups.

More recently, a study from the HPV Vaccine Impact
Monitoring Project, a 5-site surveillance system funded by
the Centers for Disease Control and Prevention, found sig-
nificant declines in HPV 16/18-associated lesions from 2008
to 2014 among non-Hispanic Black and non-Hispanic White
women but not Hispanic and Asian women.?* However, that
analysis did not consider age in these racial and ethnic
groups. Because the impact of vaccination is most likely to
be seen among younger women, who were eligible for vacci-
nation, the results of that study have limited implications.
Another study, which examined data from Connecticut in the
HPV Vaccine Impact Monitoring Project, showed that
decreases in the proportion of HPV 16/18-associated lesions
in young women were smaller and occurred later in areas of
concentrated poverty and areas with larger proportions of
Black residents when compared with areas with lower pov-
erty and fewer Black residents.?* It is encouraging that our
analysis indicated that the impact of vaccination among
young women was similar across all levels of area-based
poverty, race, and ethnicity in Connecticut. Our results may
be in part due to the Vaccines for Children (VFC) program.
The HPV vaccine has been available in Connecticut through
the VFC program since it became available in 2006. The
VFC program provides vaccines at no cost for children who
could not otherwise afford them, creating access for all
populations.

The overall declines in the incidence of CIN2+ observed
in our study are encouraging, especially in the context of
moderate rates of vaccine uptake in Connecticut. The most
recent estimate of vaccination coverage, in 2019, among
adolescent girls and boys aged 13-17 years in Connecticut
was 70.6% for 1 dose." Although the rate of vaccine uptake
has been slowly and steadily increasing over time, it is still
well behind coverage for other adolescent vaccines such as
tetanus, diphtheria, and pertussis (96.5%) and meningococ-
cal conjugate vaccine (93.7%).! Documented strategies for
improving vaccine uptake, such as increasing health care

provider recommendations for the vaccine, improving train-
ing for medical providers on communication strategies for
HPV vaccination, and community-based interventions,
should be implemented across all areas to improve vaccine
uptake and strengthen herd immunity.”

Limitations and Strengths

Our study had some limitations. First, it was an ecologic
analysis of cases of CIN2+ over time. We did not know the
vaccination status for cases, so we cannot decisively con-
clude that the decrease in cases was solely due to vaccina-
tion. Other factors that may have influenced rates of cervical
lesions include changes in screening practices and changes
in patterns of sexual behavior, such as increased condom use
and/or increased abstinence. Second, screening guidelines
changed in 2009 and 2012 with the initiation of screening
changing from 18 years to 21 years and the interval between
screenings getting larger over time. We addressed this prob-
lem by excluding adult women aged 18-20 from the analysis
and by performing a separate analysis using the screened
population as the denominator to account for decreases in
incidence that may have been due to the changes in screening
guidelines. Third, when adjusting for screening, we pro-
duced ecologic population-level estimates by age groups.
We could not geocode screening data; therefore, we could
not estimate screening by area-based measures. Screening
rates may have differed across levels of area-based measures.
These differences could have limited the ability to detect
changes across groups. Lastly, results from our analysis may
not be generalizable outside Connecticut.

Our study also had several strengths. First, it was based
on a robust population-based statewide surveillance system
with high levels of case ascertainment. Second, it extended
our previous analysis, which was conducted in a limited
catchment area and used data from the same surveillance
system, by including additional years of data.”* Our current
study, which examined trends in a broader catchment area of
the entire state and examined overall trends, suggests that
over time, the differences detected in the previous study may
have diminished.** Finally, it builds on the analysis from the
HPV Vaccine Impact Monitoring Project, which examined
individual-level measures of race and ethnicity by age and
provides additional evidence of vaccination impact.> We
focused on area-based measures that are important for detect-
ing disparities, or lack thereof, in the impact of vaccination
among various populations, which can be used to design tar-
geted interventions.

Conclusion

The declines in the incidence of CIN2+ demonstrated in our
analysis are encouraging. Future cervical cancer prevention
efforts should continue to focus on increasing vaccination in
all populations, with a particular focus on children and
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adolescents aged 11-12 years to reach optimal levels of vac-
cination coverage to protect people, strengthen herd immu-
nity, and maximize the impact of vaccination. Continued
monitoring of vaccination impact by sociodemographic
characteristics is needed to ensure widespread and equitable
impact. Future studies incorporating trend analysis of vac-
cine uptake and cervical cancer screening by individual
sociodemographic characteristics and area-based measures
could detect and further inform differences identified in vac-
cination impact.
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