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Abstract
Cervical Cancer Screening & Morality: Two Analyses using BRFSS Data

By Hannah E. Fuchs

BACKGROUND: Cervical cancer is the most preventable cancer through screening yet is still a
leading cause of cancer death among young women in the US. Contemporary trends in
hysterectomy-corrected cervical cancer mortality were examined by age, race/ethnicity, and
state. An updated assessment of cervical cancer screening among LGBTQ+ women is also
presented.

METHODS: Annual hysterectomy prevalence was estimated using the Centers for Disease
Control and Prevention’s Behavioral Risk Factor Surveillance System (BRFSS 1990-2020), with
missing data years approximated via two-year averages of adjacent years. Age-specific cervical
cancer deaths (20-49, 50-64, >65 years) by race/ethnicity were obtained from the National
Center for Health Statistics (1990-2019). Age-standardized hysterectomy-corrected mortality
rates per 100,000 women were calculated by dividing death counts by the estimated female
population with an intact uterus for each stratum. Joinpoint regression quantified the annual and
5-year average annual percent change (AAPC) and 95% confidence intervals (CI). The
association between sexual orientation and screening compliance was examined in data from
BRFSS female respondents (2014-2020) aged 21-29 and 30-65, and expressed as logistic
regression-generated odds ratios adjusted for age, education, relationship status, income,
race/ethnicity, smoking and insurance status.

RESULTS: Cervical cancer death rates declined continuously from 1990-2019, with
contemporary declines largest among ages >65 years (AAPC: -1.7% [95% CI: -2.0%, -1.3%])
and smallest among ages 20-49 years (AAPC: -0.5% [95% CI: -0.8%, -0.2%]). Mortality from
2015-2019 was highest in Alabama, Arkansas, Mississippi, and Oklahoma, where most age
groups experienced stable trends. Morality increased among young women in Indiana (4.8% per
year 2009-2019 [95% CI: 0.9%, 8.9%]), NHW women in Alabama (1.9% per year 2003-2019
[95% CI: 0.4%, 3.4%]), and NHW young women in Kansas (2.2% per year 1996-2019 (95% ClI:
0.5%, 3.9%]). The odd ratios comparing screening adherence non-straight women to straight
referents were 0.58 (95% CI: 0.45, 0.75) and 0.80 (95% CI: 0.66, 0.97) in 21-29- and 30-65-year
age groups, respectively.

CONCLUSION: Cervical cancer mortality declined for all ages of women in most states, but
progress has lagged in states with the highest burden. Non-straight women were less likely than
their straight counterparts to be screening compliant.
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INTRODUCTION:

The overwhelming majority of cervical cancer deaths are preventable through screening
and, more recently, HPV vaccination.! Since the mid-1970s, cervical cancer mortality has
dropped by more than half, mostly as a result of widespread screening uptake. Nevertheless,
cervical cancer is expected to cause 4,280 deaths in the United States in 2022 and is consistently
a leading cause of death among young women, with more than one woman in her 20s or 30s
dying each day from the disease in 2019.2 As data on sexual orientation are not collected
systematically, it is difficult to quantify the burden of cancer among lesbian, bisexual,
transgender, queer, and other sexual orientation/gender identity (LGBTQ+) women. However,
cervical cancer disparities based on sexual orientation warrant consideration because LGBTQ+
women are more likely than straight women to have inadequate Pap smear rates,® which may
result in increased cervical cancer incidence and thus mortality. Based on 2021 estimates, 7.1%
of the American population identifies as LGBTQ+, and the proportion is expected to continue to
rise as younger generations are more likely to identify as non-heterosexual.*

When evaluating cervical cancer health disparities, it is also important to keep in mind
that cervical cancer mortality rates that do not exclude women who have had their cervix
removed through hysterectomy from the at-risk population underestimate mortality risk.
Previous studies that account for the proportion of women who have had a hysterectomy have
demonstrated that racial and ethnic heath disparities are underestimated in uncorrected rates.>3
This issue is especially relevant in this study given that prevalence of hysterectomy differs by

age’ and geography. Although cancer control primarily occurs at the local or state level, few



studies have investigated the impact of hysterectomy correction on mortality trends by age and
state over time.

To better understand the burden of cervical cancer, it is vital to have accurate
information on cancer screening and mortality. The purpose of this analysis is to investigate how
trends in hysterectomy-corrected cervical cancer mortality rates have changed over the past thirty
years by race/ethnicity, age, and geography. We also aim to assess the contemporary association

between sexual orientation status and cervical cancer screening compliance.

METHODS & MATERIALS:
Hysterectomy-Corrected Cervical Cancer Mortality
Data Sources

Annual cervical cancer death counts from 1990 to 2019 were obtained by age and
race/ethnicity (non-Hispanic White [NHW], non-Hispanic Black [NHB], Hispanic) for all 50
states and the District of Columbia from the National Center for Health Statistics via the
National Cancer Institute’s SEER*Stat software (version 8.3.9).° Information on Hispanic origin
is incomplete on death certificates for Louisiana in 1990, New Hampshire in 1990-1992, and
Oklahoma in 1990-1996 so data from these state-years were excluded from the analysis by
race/ethnicity. Corresponding population estimates were obtained from US Census Bureau
population estimates.*®

Age-specific annual hysterectomy prevalence estimates for the study period were
obtained by age and race/ethnicity from the Centers for Disease Control and Prevention’s
Behavioral Risk Factor Surveillance System (BRFSS).!! The BRFSS is a health-related survey of

all 50 states and territories and was established in 1984 using random-digit-dialling of landline



phones until 2010 and later with landline and cellular phones from 2011 onward. Survey
weighting methods changed in 2011 to accommodate the new dual-frame sampling design,
documentation of which has been detailed elsewhere.!® 2 Since 1989, the BRFSS has asked
assigned-female-at-birth participants, “Have you had an operation to remove the uterus or
womb?” This question was asked nationally from 1991-1999 and in even years from 2000
onwards, but only in a subset of states in 1990 and odd years from 2001 forward. As such, data
from 1991 was substituted for the 1990 estimate and data from 2012 was used for 2011 to
account for survey methods changes; all other module years were imputed using two-year
weighted averages of adjacent even years. Hysterectomy estimates were considered unstable if
less than 50 individuals answered the question or if the relative standard error (standard error
divided by the estimate) was greater than 0.30. Three-year moving average estimates were used
for a subset of states (n=15) with unstable estimates in particular years.
Statistical Analysis

Annual hysterectomy-corrected cervical cancer death rates were calculated for each age
and race/ethnicity stratum by multiplying the general population estimate from the US Census
Bureau by the proportion of women estimated to have an intact uterus (1 - estimated
hysterectomy prevalence) and thus at risk for cervical cancer. Corrected rates were expressed per
100,000 women and age-standardized to the 2000 US standard population as follows, where i
indicates each of the 14 five-year age groups used for age standardization (20-24, 25-29 ... 80-
84, 85+) within each broader age group j (20-49, 50-64, 65+) used for hysterectomy prevalence

estimates, with hysterectomy assumed to be constant across all age groups i within each age

group j:

count; standard population;
Ratej= Y/ _, : bl * pop i |*100,000
population;*(1 —estimated prevalence;)  total standard population



Confidence intervals (95%) and rate ratios comparing state versus US mortality rates were
calculated Tiwari et al. (2006) modifications.'*

Hysterectomy adjustments were conducted using Statistical Analysis Software version
9.4 (SAS Institute, Cary, NC).%® Trends in corrected cervical cancer mortality rates were
analyzed with Joinpoint regression software (version 4.9.0.1),%® which fits a series of segmented
log-linear regression models to data using the weighted least squares method.!” Up to five
joinpoints were allowed with a minimum of four observations between each two joinpoints. The
annual percent change (APC) and contemporary trends for the most recent 5-year (2015-2019)
and 10-year (2010-2019) periods, expressed as an average annual percent change (AAPC), were
calculated. A two-sided Monte Carlo Permutation method was used to test for statistical
significance of trends with an alpha value of 0.05. If the test was non-significant, the trend was
considered stable. Figures were created using R (v.4.1) ggplot2 (v.3.3.5), tmap (v. 3.3-2), and
tigris (v.1.6) packages. IRB approval was not required as the project was not deemed human

subjects research.

Sexual Orientation and Screening Compliance Analysis
Study Population

Analysis was conducted using data from the Centers for Disease Control and
Prevention’s Behavioral Risk Factor Surveillance System (BRFSS) in even years from 2014 to
2020. Survey respondents were included in the analysis if they were assigned female-at-birth,
were in the screening eligible age group (21 to 65 years) and provided information on all
variables of interest.

Independent variable of interest



Since 2014, the BRFSS has included questions comprising the Sexual Orientation and
Gender Identify module, which is not used uniformly across the US. The module coverage has
increased from 19 states in 2014—mostly in the Northeast and parts of the Midwest— to 32
states in the 2020 survey. Sexual orientation status is collected based on self-reported response to
the following question: “Which of the following best represents how you think of yourself?”
Possible answers are “straight, that is not gay”, “lesbian/gay”, “bisexual”, “something else”, “I
don’t know”, or “refused to answer.” Participants who refused to answer were excluded from
analysis. Due to the relatively small proportions of specific LGBTQ+ categories, a binary
exposure variable (straight vs not straight) was created for analysis.

Outcome

BRFSS questions on cervical cancer screening are asked during even years and include
“How long has it been since you had your last Pap test?” and “How long has it been since you
had your last HPV test?” The binary outcome variable of interest was compliance with 2012 age-
specific cervical cancer screening guidelines from the American Cancer Society.'® For women
aged 21 to 29 years at risk for cervical cancer, guideline compliance was defined as having had a
Pap test within the past 3 years. Participants aged 30-65 were considered guideline compliant if
they had undergone either a Pap test within the past 3 years or both an HPV and a Pap test within
past 5 years.

Covariates

Covariates for model adjustment were selected based on a priori knowledge about the
association with either the independent variable or the outcome of interest. Models were adjusted
for demographic factors including age (continuous) and race/ethnicity (non-Hispanic white, non-

Hispanic Black, Hispanic, other). Level of education is often associated with ability to obtain



work (and thereby employer-provided health insurance) as well as health literacy levels. Women
who have obtained higher levels of education frequently experience higher rates of cervical
cancer screening compliance.'® BRFSS participants answer, “What is the highest grade or year of
school you completed?” and possible answers range from “never attended school or only
kindergarten” to “College 4 or more years (College graduate).” For the purposes of this analysis,
education was expressed as a three-category variable: “high school graduate or less”, “some
college education”, and “college graduate”. Similarly, employment (employed/self-employed;
student/homemaker/retired; unemployed/unable to work) and annual family income (< $15,000
per year; $15,000 to $50,000 per year; > $50,000 per year) were presented as three-level
categorical variables.

Insurance status (“yes”/*“no”) was used to control for healthcare access of any kind
(private, Medicare, HMO, etc.). Models were also adjusted for current smoking status
(“yes”/“no”) because smokers also often experience lower levels of cervical cancer screening?
and smoking is more prevalent among LGBTQ+ populations.?* Personal relationship status
(likely a reflection of available support) has also been associated with cervical cancer screening
compliance in previous studies.??> As LGBTQ+ groups were not granted the right to marry in the
United States until 2015, the relationship status was defined as a binary variable: “partnered”
(married or a member of an unmarried couple) or “not partnered.”

Statistical Analysis

Survey-weighted logistic regression was implemented to assess the association between

sexual orientation and cervical cancer screening compliance. Survey weights were provided by

the BRFSS and methods of calculation can be found elsewhere.'? Due to weighting, sample



characteristics are presented as population-representative proportions instead of population
numbers.

Two-way interactions of each covariate and the exposure variable were included in the
initial model. ANOVA tests were implemented to assess if interaction terms could be removed
from the model (p < 0.05). The model was stratified by covariates within remaining significant
interaction terms until no significant interactions remained. The results of regression analyses
were expressed as adjusted odds ratios (OR) and their 95% confidence intervals (CI). Modeling
was conducted using the R (v.4.1) survey (v.4.1-1) package. OR contrasts were calculated using
the multcomp (v.1.4-18) package. Figures were created using the ggplot2 (v. 3.3.5) package. IRB

approval was not required as it was not deemed human subjects research.

RESULTS:
Hysterectomy-Corrected Cervical Cancer Mortality

The increase in cervical cancer mortality rates due to hysterectomy correction was larger
for earlier years, older age groups, and NHB women, reflecting the higher hysterectomy
prevalence in those groups (Figure 1). For example, the cervical cancer mortality rate during
2015-2019 rose from 1.94 per 100,000 (95% CI: 1.90, 2.00) before correction to 2.09 (95% CI:
2.03, 2.14) after correction among women aged 20-49 versus from 5.39 per 100,000 (95% ClI:
5.26, 5.51) before correction to 9.72 per 100,000 (95% CI: 9.50, 9.94) among women aged >65
years. For women aged 20+, the rate increased from 2.85 per 100,000 (95% CI: 2.80, 2.91) to
3.97 per 100,000 (95% CI: 3.90, 4.04) after correction for non-Hispanic White (NHW) women
compared an increase from 4.72 per 100,000 (95% CI: 4.56, 4.87) to 7.64 per 100,000 (95% CI:

7.39, 7.90) for non-Hispanic Black (NHB) women (Table 1).



The cervical cancer mortality rate decreased continuously from 1990 to 2019, with the
largest 10-year drop (2010 to 2019) among ages >65 years (AAPC: -1.7% [95% CI: -2.0%, -
1.3%) and the smallest among ages 20-49 (AAPC: -0.5% [95% CI: -0.8% to -0.2%]). NHW
women displayed the smallest declines in mortality across all ages, including stable rates for 20-
to 49-year-olds. The steepest declines per age group were observed for NHB women aged 20-49
(-3.2% [95% CI: -3.6% to -2.9%]), Hispanic women aged 50-64 (-3.3% [95% CI: -3.7% to -
2.9%]), and Hispanic women aged 65+ (-2.8% [95% CI: -3.2% to —2.3%]) (Table 2).

Examining mortality rates from 1990 to 2019 by state reveals that declines were not
uniform geographically. Southern states were more likely than states in other regions to
experience the slowest declines in mortality rate or a stable trend. Mortality rates in Alabama,
Arkansas, Mississippi, and Oklahoma remated in the remained the highest quintile (> 7.63 deaths
per 100,000) across entire 30-year study period (Figure 2). At least two of the three age groups
within each of these four states experienced stable trends in mortality rates from 1990 to 20109.
Furthermore, Arkansas experienced the slowest continuous decline during 1990-2019 in cervical
cancer mortality rate among women ages 20+ of -0.5% per year (95% CI: -1.0%, 0.0 (see
Supplemental Table 1). Mississippi also experienced a slow continuous decline of -0.8% per year
(95% CI: -1.4%, -0.2%) and during 1990-20109.

Slowly declining or stable trends among these four southern states resulted in a widening
gap between state-level and national level-mortality rates. In the contemporary period (2015-
2019), Mississippi had a cervical cancer mortality rate 95% higher than the national rate (RR:
1.95[95% CI: 1.72, 2.19]) — the highest difference across the US—up from 45% during 1990-
2019 (RR: 1.45[95% CI: 1.29, 1.63]). Mortality rate ratios rose from 1.41 (95% CI: 1.28, 1.55)

to 1.89 (95% ClI: 1.72, 2.08) in Alabama, from 1.15 (95% CI: 1.01, 1.30) to 1.82 (1.62, 2.06) in



Arkansas, and from 1.40 (95% CI: 1.25, 1.56) to 1.78 (95% CI: 1.61, 1.99) in Oklahoma during
1990-1994 and 2015-2019, respectively. Further stratification of contemporary state mortality
rate ratios (2015-2019) by race/ethnicity revealed that cervical cancer mortality rates were
highest among NHW women in Southern states regardless of age. Young (20-49 years) NHW
women in ten southern states had 48% to 115% higher cervical cancer death rates than the
overall US (Figure 3).

Moreover, a few populations saw persistent increases in cervical cancer mortality. From
2009 to 2019, the cervical cancer death rate among women aged 20-49 in Indiana increased by
4.9% per year (95% CI: -0.9%, 8.9%) on average, translating to 2.7 deaths per 100,000 women
in 2019, up from 2.1 in 2009. Among NHW women, women in Kansas aged 20-49 and women
in Alabama aged 20+ experienced increasing mortality rates. From 1996 to 2019, mortality rose
by 2.2% annually (95% CI: 0.5%, 3.9%) among NHW women ages 20-49 years in Kansas. This
equated to a change from 0.88 deaths to 3.69 deaths per 100,000 women within this population.
The contemporary death rate (2015-2019) among NHW women in Kansas aged < 50 years was
1.61 times the national rate (95% CI: 1.21, 2.10) (Figure 3). In Alabama, death rates for NHW
women aged 20+ rose on average by 1.9% annually (95% CI: 0.5%, 3.4%) during 2003-2019,
from 10.16 to 11.23 deaths per 100,000 women (see Supplemental Table 2). During the most
recent five years (2015-2019), the death rate among NHW women in Alabama was 1.88 times

that of NHW women in the US overall (95% CI: 1.67, 2.11) (Figure 3).

Sexual Orientation and Screening Compliance Analysis

Among BRFSS female respondents ages 21 to 65 during 2014-2020, an estimated 8.1%
(95% CI: 7.8%, 8.3%) identified with a sexual orientation other than straight (Table 3). Most

women were employed (63.3% [95% ClI: 63.0%, 63.6%]), non-Hispanic white (59.2% [95% CI:



58.8%, 59.5%]), in a partnership (58.4% [95% CI: 58.1%, 58.7%]), and insured (86.2% [95% CI:
85.9%, 86.4%]). Most women (91.2% [95% CI: 91.1%, 91.4%]) were compliant with cervical
cancer screening guidelines. Population characteristics after stratification by screening status
mirrored those among the overall population, although non-compliant women were more likely
than compliant women to have fewer years of education (high school or less, 45.2% [95% CI:
44.1%, 46.2%] vs 31.8% [95% CI: 31.4%, 32.1%]) and to be uninsured (holds any form of
insurance, 73.6% [95% CI: 72.6%, 74.6%] vs 88.6% [95% CI: 88.4%, 88.9%]).

Fitting a multivariate, survey-weighted logistic regression model with 13
exposure/covariate interaction terms showed no association between sexual orientation and
screening compliance (OR = 0.66 [95% CI: 0.32, 1.36]). Significant interaction was observed
between sexual orientation and age as well as smoking status. For example, among non-smokers,
the odds of compliance among non-straight women were 0.66 (95% CI: 0.32, 1.36) times the
odds among straight women. Conversely, among smokers, the corresponding OR was 0.92 (95%
Cl: 0.70, 2.46) (Table 4).

As significant interaction was observed by age and screening recommendations differed
for younger and older women during most of the study period, the logistic regression model was
stratified: one for women ages 21 to 29 and another for those ages 30 to 65. Approximately one-
fifth (21.8% [95% CI: 21.6%, 22.1%]) and four-fifths (78.1% [95% CI: 77.9%, 78.4%)]) of the
population fell within the younger and older age groups, respectively. Among each age category,
the proportion of women who were screening compliant mirrored that of the overall population.
However, non-compliant women in both groups were almost two times as likely as their
compliant counterparts to be smokers (Table 5). Within both models, all interaction terms were

found to be insignificant (ANOVA test of full model with interactions vs reduced model with no
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interactions p-value: 0.88 and 0.71 for the models for women aged 21-29 and 30-65,
respectively), and thus were removed from final models.

Both models revealed a significant association between sexual orientation and screening
compliance, although, the magnitude differed by age group. Within the younger age group, the
odds of screening compliance among non-straight women were 42% lower than the odds among
straight women (OR: 0.58 [95% CI: 0.45, 0.75]). Conversely, among the older age group, the
odds of screening compliance among non-straight women were 20% less than the odds among
straight women (OR: 0.80 [95% CI: 0.66, 0.97]). Higher family income, greater educational
attainment, and committed partnership status were significantly associated with screening
compliance among older women, but not younger women. In younger women, odds of
compliance for non-Hispanic Black women were 1.60 (95% CI: 1.11, 2.29) times the odds for
non-Hispanic white women. In comparison, odds of compliance for non-Hispanic Black women
were almost three times the odds among non-Hispanic white women (OR: 2.87 [95% CI: 2.39,
3.45]). Odds of compliance among smokers were 0.72 (95% CI: 0.57, 0.92) and 0.51 (95% CI:
0.47, 0.56) lower than non-smokers among younger and older women, respectively. Insured
women, both young and old, had almost three-fold higher odds of compliance than uninsured

women (Figure 4).

DISCUSSION:

Our two analyses using BRFSS data for hysterectomy prevalence and cervical cancer
screening and NCHS data for cervical cancer mortality rates has revealed four potential target
populations for further research and public health program implementation. First, women in
several central Southern states (Alabama, Arkansas, Mississippi, and Oklahoma) have higher

cervical cancer death rates than the rest of the US due to less progress in reducing cervical cancer
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mortality during the study period. Second, during the most recent five-year period (2015-2019),
among NHW women younger than 50 years in Alabama, Arkansas, Florida, Kansas, Kentucky,
Louisiana, Mississippi, Oklahoma, Tennessee, and Texas, cervical cancer mortality rates were
significantly higher than the national rate and among the highest across all age groups and
race/ethnicities evaluated. Third, women younger than 50 years in Indiana and NHW women in
Alabama and Kansas have experienced increases in cervical cancer mortality in recent years.
Fourth, non-straight women are less likely to be compliant with cervical cancer screening
recommendations than straight women.

Without correction for hysterectomy prevalence, precise trends and disparities in cervical
cancer mortality are masked.> 23 Misinformation is most pronounced for subsets of the
population with high hysterectomy prevalence, such as Black women,?* 2° older age groups,® and
women who reside in the South and Midwest.?®¢?® Our study provides a novel assessment of
contemporary trends in hysterectomy-corrected cervical cancer death rates as previous analysis
by age- and state-level groups are limited. Additionally, prior analyses of corrected trends by
race/ethnicity were limited to White/Black or NHW/NHB groupings.> 2° Broadly, correcting for
hysterectomy steepened the rate of decline for decreasing trends and attenuated increases
because correction had a larger impact on earlier years in the study period due to declining
hysterectomy prevalence across racial/ethnic groups. Corrected cervical cancer mortality
declined across all age groups for all races/ethnicities combined from 2010 to 2019—in
agreement with previous findings>>—and with larger declines among older women.

Increasing trends were observed among younger women in Indiana since 2009, for NHW
women of all ages in Alabama since the mid-2000s, and for younger women in Kansas since the

mid-1990s. Although stable rates are expected at some point as rates reach a nadir, increasing
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trends are cause of concern. Notably, we found that women aged 20-49 in Indiana are
approximately 50% more likely than women of the same age in the overall United States to die
from cervical cancer (RR: 1.49 [95% CI: 1.27, 1.74]). Although NHW women represented 79%
of the Indiana female population aged 20-49 from 2009 to 2019, the corrected mortality trend
among these women was stable. While regression models did not indicate an increasing trend,
mortality rates among these women appear to be increasing, and this population should continue
to be monitored to see if the trend changes from stable to increasing in the future. The death rate
among Alabama women 20+ compared to national women 20+ worsened from the earliest 5-year
period (1990-1994 RR: 1.41 [95% CI: 1.28, 1.55]) to the most recent 5-year period (2015-2019
RR: 1.89 [95% CI: 1.72, 2.08]). From 2015-2019, Alabama ranked within the top five highest
state mortality rate ratios for NHW women across all age groups (20+: RR = 1.89 [95% CI: 1.67,
2.12]; < 50: RR = 1.76 [95% Cl: 1.41, 2.18]; 50+: RR = 1.94 [95% ClI: 1.68, 2.23]). Alabama
NHB women aged 50+ also experienced higher burden than similarly aged NHB women
nationally (RR = 1.63 [95% CI: 1.34, 1.94]), and a stable 10-year trend. In Kansas, NHW women
aged 20-49 had a 61% significantly higher cervical cancer mortality rate than their national
counterparts (RR: 1.61 [95% CI: 1.21, 2.10]).

In the analysis of cross-sectional population-based data, non-straight women were
significantly less likely than straight women, regardless of age, to be compliant with American
Cancer Society 2012 cervical cancer screening guidelines,*® which were in effect until July
2020.! The difference in screening compliance was more pronounced among younger women
(21 to 29 years of age) than among women aged 30 to 65 years. These findings add to the
existing evidence of non-straight women having a lower prevalence of Pap smear testing.* 2%-32

As a result of lower screening prevalence, it is likely that cervical cancer incidence and mortality
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are elevated among LGBTQ+ individuals, but it is impossible to quantify such health disparities
because cancer registries do not have record of sexual orientation status. Incorporating this
information onto death certificates is difficult for a variety of reasons including difficulties
assessing self-reported sexual orientation after a person is dead if they had not disclosed
information to their family/friends or educating coroners/medical examiners how to ask
questions about sexual orientation status in a sensitive mannor Advocacy to collect sexual
orientation status at time of death should continue in order to make mortality among LGBTQ+
people more transparent, but this process may take decades.

Thus, understanding reasons that drive LGBTQ+ cervical cancer screening behaviors is
of paramount importance. Major barriers to cervical cancer screening include lack of health
insurance, lack of provider recommendation, and lack of knowledge about recommendations.®2
The national proportion of women overdue for cervical cancer screening in the United States
increased from 14.4% in 2005 to 23.0% in 2019, with lack of knowledge the most common
reason cited for noncompliance across all groups including LGBTQ+ women.? During 2008-
2014, cross-sectional data has exhibited a decrease of -3.8% per year in screening among women
aged 21-29 and -2.3% among those aged 30-31.3* This likely contributes to recent increasing
trends in cervical cancer incidence rates and late-stage diagnoses. Previous surveillance analysis
revealed an increase (0.7% per year during 2004-2015) in cervical cancer incidence rates among
NHW women aged 40-49, largely driven by trends in cervical adenocarcinoma which increased
by 4.4% per year during this period; rates were stable or declining in Hispanic and NHB
women.® An increase in the annual rate of distant-stage diagnoses during 2001-2015 among
NHW women aged 30-49 (3%-4% per year) and Hispanic women of all ages combined (1.2%

per year) was also observed. Notably, there has been no improvement in the five-year relative

14



survival rate for cervical cancer patients in the US over the past four decades (69% during 1975
to 1977 vs 66% during 2011 to 2017)? in part due to the lack of major treatment advances for
patients with advanced disease.3% 3" Changes in the disease distribution likely also contribute; the
prevalence of squamous cell carcinoma, which is most often detected by cytology and has higher
survival rates than adenocarcinoma, has declined due to widespread screening.*®

The most recent cervical cancer screening guidelines released by the American Cancer
Society® and the United States Preventive Services Task Force®® do not include specifications
that non-straight should be identified as a high-priority group for secondary prevention of
cervical cancer. Some researchers suggest that these guidelines should be modified to explicitly
reference non-straight women with the goal of combatting the misconception that only those that
have sex with men are at risk of cervical cancer.3® 40 Increasing health care provider promotion
of screening for LGBTQ+ women would also help these efforts.3% ! There is evidence that one
of the potential drivers of inadequate screening among LGBTQ+ individuals is experience of
stigma and discrimination in health care settings. Previous research reported that non-straight
women who regularly received cervical cancer screening felt both they and their partner were
more welcomed in health care environments than those who did not screen regularly. Routine
screeners were also more likely to have disclosed their sexual orientation to their provider than
non-regular screeners.*> %3 While our analysis did not reveal significant interaction between
race/ethnicity and sexual orientation, it should be noted that women with intersectional identities
experience higher levels of discrimination and experience more distrust of providers.** These
findings stress the necessity for increased provider education on LGBTQ+ needs and health

disparities.
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A major strength of these two cervical cancer analyses is the use of nationally
representative data from the BRFSS survey. Within the first project to calculate hysterectomy
prevalence estimates, the BRFSS state-level data allowed for assessment of trends by age and
state, groups which have had limited coverage in hysterectomy-correction analyses. The present
analysis to evaluate the association between sexual orientation and screening compliance takes
advantage of the recent BRFSS survey expansion that added data on sexual orientation and
gender identity. At its inception in 2014, the sexual orientation and gender identity BRFSS
questionnaire was distributed in 19 states; coverage has increased to 32 states as of 2020. The
current BRFSS data on sexual orientation and gender identity now include Western and Southern
states, thereby increasing the geographic and demographic representation of our findings.

There are, however, several limitations. BRFSS survey weighting methods changed in
2011 and the sample design was expanded to allow for cellular telephone—only respondents; this
process increased survey reach to subpopulations experiencing more risk factors, such as groups
with lower income, lower education, and younger age,*? but may have increased estimates of
state-level prevalence from 2011 onwards. However, BRFSS hysterectomy estimates from
before the methods change and after (2010 and 2018) were not statistically different from those
based on the National Health Interview Survey for the same years.?® While the BRFSS survey
relies on self-reported data, prospective cohort data has shown self-reports of hysterectomy
status are sufficiently accurate.* In addition, the BRFSS data does not distinguish between a full
and partial hysterectomy, which excludes the removal of the cervix; however, the proportion of
partial hysterectomies has declined to about 10% and thus likely had minimal impact on our
estimates.” 274648 Due to sparce data among some racial/ethnic and younger age groups, our

hysterectomy-correction analysis required the use of wide age ranges. As such, the proportion of
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women removed from mortality rate denominators for correction is likely an underestimate
among older women and an overestimate among younger women within each of the three age
groups (20-49, 50-64, >65 years). Finally, it is important to acknowledge that the BRFSS relies
on self-reported data, and due to stigma against LGBTQ+ individuals, it is possible that some
women felt uncomfortable sharing their sexual orientation status thereby inducing social
acceptability bias.

In this nationwide study of hysterectomy-corrected cervical cancer mortality, we
document several Southern states that have not made significant improvements in cervical cancer
mortality over the past 30 years, and that these states still experience the highest mortality burden
for the disease. Increases in cervical cancer death rates among some groups of women are also of
concern. As cervical cancer is one of the most preventable types of cancer, targeted efforts to
increase uptake of protective health behaviors are needed to reverse concerning trends and
ultimately decrease cervical cancer deaths in the US. Additionally, non-straight women could
benefit from increased cervical cancer screening messages. Ensuring that all women, regardless
of their sexual orientation, are presented with information on how to protect themselves from

cervical cancer will decrease incidence and subsequently mortality of this disease.
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TABLES

Table 1: Hysterectomy correction impact on death rates & rate ratios by race/ethnicity and

age (2015-2019)

Race/Ethnicity
& Age (years)

Hysterectomy
Prevalence (%)

Death Ratet

Not Corrected

Corrected

Rate Ratio

Not Corrected

Corrected

All Race/
Ethnicities

20-49
50-64

65+
Non-Hispanic
White

20-49
50-64

65+
Non-Hispanic
Black

20-49
50-64
65+
Hispanic
20-49
50-64
65+

21.45 (21.21, 21.70)

6.78 (6.61, 6.96)
29.06 (28.64, 29.48)
44,56 (44.11, 45.01)

24.52 (24.24, 24.80)
7.83 (7.60, 8.06)
29.3 (28.86, 29.74)
44.84 (44.39, 45.29)

22.28 (21.52, 23.06)

7.62 (7.11, 8.17)
35.75 (34.43, 37.09)
52.17 (50.52, 53.82)

12.18 (11.54, 12.86)

4.62 (4.23, 5.04)
23.91 (22.35, 25.54)
37.15 (34.85, 39.51)

3.10 (3.06, 3.15)
1.94 (1.90, 2.00)
4.55 (4.45, 4.66)
5.39 (5.26, 5.51)

2.85 (2.80, 2.91)
1.92 (1.85, 1.98)
4.11 (3.99, 4.23)
4.60 (4.47, 4.73)

4.72 (4.56, 4.87)
2.32 (2.18, 2.47)
6.94 (6.59, 7.32)

10.34 (9.80, 10.91)

3.52 (3.40, 3.66)
2.07 (1.96, 2.20)
4.82 (4.52,5.14)
7.02 (6.55, 7.53)

4.35 (4.90, 4.41)
2.09 (2.03, 2.14)
6.42 (6.27, 6.57)
9.72 (9.50, 9.94)

3.97 (3.90, 4.04)
2.08 (2.01, 2.15)
5.81 (5.64, 5.98)
8.34 (8.11, 8.58)

7.64 (7.39, 7.90)
2.51 (2.36, 2.68)
10.81 (10.25, 11.39)
21.63 (20.49, 22.81)

4.65 (4.47, 4.83)
2.17 (2.05, 2.30)
6.34 (5.95, 6.76)

11.18 (10.42, 11.99)

Ref
Ref
Ref
Ref

1.65* (1.59, 1.72)
1.21* (1.13, 1.30)
1.69* (1.59, 1.80)
2.25% (2.12, 2.39)
1.23* (1.19, 1.29)
1.08* (1.01, 1.16)
1.17* (1.09, 1.26)
1.53* (1.42, 1.65)

Ref
Ref
Ref
Ref

1.92* (1.85, 2.00)
1.21* (1.12, 1.30)
1.86* (1.75, 1.98)
2.50% (2.44, 2.76)
1.17* (1.12, 1.22)

1.05 (0.98, 1.12)
1.09% (1.02, 1.17)
1.34* (1.24, 1.45)

ABBREVIATIONS: Ref = reference group for rate ratio comparison
+Age-adjusted to the US 2000 standard population and expressed per 100,000 women
*Statistically significant (p < 0.05)
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Table 2: Trends in cervical cancer mortality by race/ethnicity and age (1990-2019)

10-Year Average Annual Percent Change (2010 to 2019)

Age (years) Not Corrected Corrected
All Race/Ethnicities -0.8* (-0.9, -0.6) -1.1* (-2.1, -0.2)
20-49 -0.4* (-0.7,-0.1) -0.5* (-0.8, -0.2)
50-64 -0.6* (-0.9, -0.2) -1.2* (-1.6, -0.8)
65+ -1.4* (-1.7, -1.0) -1.7* (-2.0, -1.3)
Non-Hispanic White -0.2 (-0.4,0.1) -2.3* (-2.5, -2.0)
20-49 0.3(-0.1,0.7) 0.8 (-1.1,2.7)
50-64 -0.1(-0.7,0.4) -2.9% (-3.2, -2.6)
65+ -1.0* (-1.4, -0.6) -2.0* (-2.4, -1.6)
Non-Hispanic Black -2.4* (-2.8,-2.1) -2.5*% (-2.9,-2.2)
20-49 -3.1* (-3.5, -2.7) -3.2* (-3.6, -2.9)
50-64 -1.5* (-2.1, -1.0) -2.3*(-3.1,-1.6)
65+ -2.8* (-3.4, -2.3) -2.4% (-2.7,-2.1)
Hispanic -2.2* (-2.4,-1.9) -2.7* (-2.9, -2.5)
20-49 0.7 (-1.1, 2.5) 0.5(-1.3,2.4)
50-64 -2.3* (-2.6, -1.9) -3.3* (-3.7,-2.9)
65+ -2.3* (-2.7,-1.9) -2.8* (-3.2,-2.3)

*Statistically significant (p < 0.05)
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Table 3: Population characteristics by screening compliance status (2014-2020)

Overall
(% [95% CI])

Screening status

Not Compliant
(8.8 8.6, 8.9])

Compliant

(91.2 [91.1, 91.4])

Not Straight
Age, years [mean (sd)]
Employment Status
Unemployed
Employed
Student/homemaker/retired
Education
High school graduate or less
Some college
College graduate
Income category
<$15,000
$15,000 to <$50,000
$50,000+
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
In a partnership
Smoker
Insured

8.1(7.8,8.3)
41.65 (12.83)

14.3 (14.0, 14.5)
63.3 (63.0, 63.6)
225 (22.2, 22.8)

34 (33.7, 34.3)
32.0 (31.7, 32.3)
34.0 (33.8, 34.3)

11.8 (11.6, 12.1)
38.2 (37.9, 38.5)
50.0 (49.7, 50.3)

59.2 (58.8, 59.5)
12.6 (12.4, 12.9)
19.2 (19.0, 19.5)
9.0 (8.7, 9.2)
58.4 (58.1, 58.7)
15.3 (15.1, 15.5)
86.2 (85.9, 86.4)

9.4 (8.3, 10.4)
46.27 (12.75)

21.1(20.3, 21.9)
55.7 (54.6, 56.7)
23.2 (22.3, 24.2)

45.2 (44.1, 46.2)
33.7 (32.7, 34.7)
21.1 (20.4, 21.9)

16.7 (15.9, 17.5)
46.6 (45.4, 47.7)
36.8 (35.7, 37.9)

71.6 (70.4, 72.7)
7.8(7.1,8.4)
14.4 (13.4, 15.3)
6.3 (5.7, 6.9)
54.1 (53.0, 55.1)
30.1 (29.2, 31.0)
73.6 (72.6, 74.6)

7.2 (6.9, 7.5)
41.89 (12.41)

13.1 (12.8, 13.3)
65.4 (65.1, 65.8)
215 (21.2, 21.8)

31.8 (31.4, 32.1)
31.8 (31.5, 32.2)
36.4 (36.1, 36.7)

10.5 (10.2, 10.7)
36.4 (36.0, 36.7)
53.2 (52.8, 53.5)

59.9 (59.6, 60.3)
13.2 (13.0, 13.4)
19.1 (18.7, 19.4)
7.8 (7.6, 8.1)
61.3 (60.9, 61.6)
14.3 (14.1, 14.5)
88.6 (88.4, 88.9)

ABBREVIATIONS: sd = standard deviation
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Table 4: Odds ratios of screening compliance estimated using logistic regression model

including all two-by-two exposure-confounder interaction terms (2014-2020)

Contrast Odds Ratio (95% CI)
Intercept 10.48 (8.34, 13.16) ***
Not Straight vs Straight 0.66 (0.32, 1.36)

Age (continuous)

Employed vs Unemployed
Student/Homemaker/Retired vs Unemployed
Some College vs HS or less

College Grad vs HS or Less

Income: $15-50k vs <$15k

Income: $50k+ vs <$15

NHB vs NHW

Hispanic vs NHW

Other Race vs NHW

In a partnership vs Not

Smoker vs Not

Insured vs Not

Interaction Sexual Orientation and Age

Interaction Sexual Orientation and Employment (Employed)
Interaction Sexual Orientation and Employment
(Student/homemaker/retired)

Interaction Sexual Orientation and Education (Some college)
Interaction Sexual Orientation and Education (College graduate)
Interaction Sexual Orientation and Income ($15,000-50,000)
Interaction Sexual Orientation and Income ($50,000+)
Interaction Sexual Orientation and Race/Ethnicity (NHB)
Interaction Sexual Orientation and Race/Ethnicity (Hispanic)
Interaction Sexual Orientation and Race/Ethnicity (Other)
Interaction Sexual Orientation and Partnered

Interaction Sexual Orientation and Smoker

Interaction Sexual Orientation and Insured

0.96 (0.96, 0.97)
1.22 (1.10, 1.35)

1.1 (0.97, 1.24)
1.13 (1.03, 1.23)
1.53 (1.39, 1.69)

1.06 (0.94, 1.2)
1.55 (1.32, 1.82)

2.6 (2.19, 3.09)

2.49 (2.1, 2.95)
1.32 (1.13, 1.53)
1.14 (1.05, 1.24)
0.52 (0.48, 0.57)
3.17 (2.86, 3.53)
1.01 (1.00, 1.02)
0.84 (0.55, 1.29)

1.00 (0.58, 1.73)
0.78 (0.54, 1.12)
0.77 (0.53, 1.13)
1.03 (0.66, 1.61)
1.00 (0.59, 1.72)
0.99 (0.59, 1.66)
0.75 (0.45, 1.25)

1.09 (0.7, 1.71)
0.99 (0.72, 1.34)
1.40 (1.06, 1.86)
0.77 (0.52, 1.14)

*k*k

*k*

**

**k*

**k*

*k*k

**k*

*k*k

**

**k*

*k*k

ABBREVIATIONS: NHW = non-Hispanic White, NHB = non-Hispanic Black

*p<0.05
**p < 0.01
*% 1) < 0,001

28



Table 5: Population characteristics by screening compliance status and age group (2014-

2020)
Screening Status
Not compliant Compliant
Aged 21-29 Aged 30-65
Overall Aged 21-29 Aged 30-65 (93.0[92.6, (90.8 [90.6,
(% [95% CI]) (7.0 [6.6, 7.4]) (9.2]9.0,9.4]) 93.4]) 91.0]

Not Straight 8.1(7.8,8.3) 22.2 (18.0,26.4) 7.3(6.3,8.4) 13.1(12.2,13.9) 5.9(5.7,6.2)

Age, year [mean (sd)] 41.65 (12.83) 25.86 (2.34) 49.98 (10.08) 25.28 (2.51) 45.93 (10.32)

Employment Status
Unemployed

Employed
Student/homemaker/
retired

Education
High school graduate
or less

Some college
College graduate
Income category
<$15,000
$15,000 to <$50,000
$50,000+
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
In a partnership
Smoker
Insured

14.3 (14.0, 14.5)
63.3 (63.0, 63.6)

22.5(22.2, 22.8)

34.0 (33.7, 34.3)
32.0 (31.7, 32.3)
34.0 (33.8, 34.3)

11.8 (11.6, 12.1)
38.2 (37.9, 38.5)
50.0 (49.7, 50.3)

59.2 (58.8, 59.5)
12.6 (12.4, 12.9)
19.2 (19.0, 19.5)
9.0 (8.7,9.2)

58.4 (58.1, 58.7)
15.3 (15.1, 15.5)
86.2 (85.9, 86.4)

15.1 (13.0, 17.2)
63.9 (61.1, 66.7)

21 (18.6, 23.4)

41.2 (38.3, 44.0)
37.6 (34.7, 40.4)
21.3 (19.2, 23.3)

16.2 (13.9, 18.5)
53.0 (49.9, 56.1)
30.8 (27.9, 38.1)

60.1 (57.2, 63.1)
10.7 (8.8, 12.6)
20.5 (18.1, 23.0)
8.6 (6.8, 10.4)
41.7 (38.8, 44.5)
27.5 (25.1, 30.0)
70.8 (68.2, 73.4)

22.2 (21.3, 23.1)
54.2 (53.0, 55.3)

23.6 (22.6, 24.7)

45.9 (44.7, 47.0)
33.0 (32.0, 34.1)
21.1(20.3, 21.9)

16.8 (15.9, 17.6)
45.4 (44.2, 46.6)
37.8 (36.6, 39.0)

73.6 (72.4, 74.8)
7.2 (6.5,7.9)

133 (12.2, 14.3)
5.9 (5.3, 6.5)

56.3 (55.2, 57.5)
30.6 (29.6, 31.6)
74.1(73.0, 75.2)

11.9 (11.3, 12.5)
64.5 (63.7, 65.3)

23.6 (22.9, 24.3)

31.8 (31.0, 32.6)
36.8 (35.9, 37.6)
31.4 (30.7, 32.1)

14.1 (13.4, 14.7)
48.8 (47.9, 49.6)
37.2(36.3,38.1)

55.5 (54.6, 56.3)
15.1 (14.5, 15.7)
21.7 (20.9, 22.6)
7.7(7.2,8.1)

40.1 (39.3, 40.9)
15.9 (15.3, 16.4)
84.9 (84.2, 85.5)

13.4 (13.1, 13.6)
65.7 (65.3, 66.0)

21.0 (20.6, 21.3)

31.8 (31.4, 32.1)
30.6 (30.3, 31.0)
37.6 (37.2, 37.9)

9.6 (9.4, 9.9)
33.4 (33.0, 33.8)
57.0 (56.6, 57.4)

61.0 (60.6, 61.4)
12.8 (12.5, 13.0)
18.4 (18.0, 18.7)
7.9(7.6,8.1)

66.4 (66.1, 66.8)
13.9 (13.7, 14.2)
89.6 (89.3, 89.8)

ABBREVIATIONS: sd = standard deviation
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FIGURES

Figure 1: Hysterectomy prevalence estimates by race/ethnicity and age (1990-2019)
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Figure 2: Five-year cervical cancer mortality rate by state over time
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Figure 3: Five-year cervical cancer mortality rate ratios by race/ethnicity, age, and US

State (2015-2019)
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Figure 4: Odds ratios of screening compliance estimated from stratified logistic regression models

(2014-2020)
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APPENDIX

Supplemental Table 1. Trends in corrected cervical cancer mortality rates by age and state (1990-2019)

Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC
State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
Alabama 1990-1999 -3.5 * 1999-2019 0.3 0.3 0.3 0.3
20-49 1990-2004 -0.3 -0.3 -0.3 -0.3
50-64 1990-1996 -11.0 * 1996-2019 0.6 0.6 0.6 0.6
65+ 1990-2019 -0.5 -0.5 -0.5 -0.5
Alaska 1990-2019 -0.8 -0.8 -0.8 -0.8
20-49 - - - - -
50-64 - - - - -
65+ - - - - -
Arizona 1990-1998 -55 * 1998-2001 9.8 2001-2008 -7.4 * 2008-2013 6.3 2013-2019 -40 * 3.6 -4.0%  -0.7
20-49 1990-2019 -16 = -1.6* -1.6* -1.6*
50-64 1990-2019 -18 * -1.8* -1.8* -1.8*
65+ 1990-2019 -16 * -1.6* -1.6* -1.6*
Arkansas 1990-2019 -05 * -0.5* -0.5* -05*
20-49 1990-2019 -0.6 -0.6 -0.6 -0.6
50-64 1990-2019 -0.1 -0.1 -0.1 -0.1
65+ 1990-2019 -1.0 * -1.0  -1.0* -1.0*
California 1990-2000 -1.6 * 2000-2003 -7.3 2003-2019 -11 * -1.1* 0 -1a1* -1.a*
20-49 1990-2019 -09 * -0.9* -0.9* -0.9*
50-64 1990-2019 -18 * -1.8* -1.8* -1.8*
65+ 1990-2006 20 * -2.0*  -2.0* -2.0*
Colorado 1990-2019 27 % 2.7% 2.7 -2.0*
20-49 1990-2019 -15 * -1.5% -15* -15*
50-64 1990-2019 29 * -2.9%  -2.9* -29*
65+ 1990-2019 -33 * -3.3*  -3.3* -3.3*
Connecticut 1990-2019 26 * -2.6* -2.6* -2.6%
20-49 1990-2019 32 * -3.2%  -3.2* -3.2*
50-64 1990-2019 -36 * -3.6* -3.6* -3.6*
65+ 1990-2019 -15 * -1.5% -15* -15*
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC

State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
Delaware 1990-2019 -3.2 * -3.2%  -3.2* -3.2*
20-49 - - - - -
50-64 1990-2019 40 * 4.0 -4.0%  -4.0%
65+ 1990-2019 30 * -3.0*  -3.0¢ -3.0%
Florida 1990-2019 0.6 06 -06 -06
20-49 1990-2019 19 * -1.9*  -1.9%  -1.9%
50-64 1990-2019 22 * 2.2%  -22%  -2.2%
65+ 1990-2019 -13 -1.3*  -1.3*  -1.3*
Georgia 1990-2019 16 * -1.6* 1.6 -1.6*
20-49 1990-2019 11 0 T I S I
50-64 1990-2019 22 = 2.2%  22% 2%
65+ 1990-2019 -15 * -1.5*  -15% -15*%
Hawaii 1990-2019 .18 * -1.8*  -1.8 -1.8*
20-49 1990-2019 20 * 2.0* 2.0 -2.0%
50-64 1990-2019 0.4 04 -04 -04
65+ - - - - -
Idaho 1990-2019 .18 * -1.8*  -1.8* -1.8*
20-49 - - - - -
50-64 1990-2019 24 * 24%  24% 4%
65+ 1990-2019 19 * -1.9*  -1.9%  -1.9%
Ilinois 1990-2019 23 * 2.3%  23% 23
20-49 1990-2019 27 2.7% 27% 2.7
50-64 1990-2019 28 * 2.8%  -28% -28*%
65+ 1990-2019 16 * -1.6*  -1.6*  -1.6*
Indiana 1990-2008 -3 * 2008-2019 1.0 1.0 1.0 1.0
20-49 1990-2009 =28 * 2009-2019 49 * 4.9*  49*  4.9*%
50-64 1990-2019 14 -14* -14% 0 -14%
65+ 1990-2019 28 * -2.8* -28* -2.8*
lowa 1990-2019 .18 * -1.8* 1.8 -1.8*
20-49 1990-2019 .15 * -1.5%  -15% -15*%
50-64 1990-2019 .19 = -1.9*  -1.9%  -1.9%
65+ 1990-2019 21 0* 2.1*  -21*% -2.1%
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC
State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
Kansas 1990-2019 14 * -1.4*  -1.4*%  -14%
20-49 1990-1999 -6.8 * 1999-2019 2.0 2.0 2.0 2.0
50-64 1990-2019 23 * -2.3*  -2.3*  -23*
65+ 1990-2019 -15 * -1.5*  -15* -15*
Kentucky 1990-2019 24 * 2.4%  -24*  -24%
20-49 1990-2019 1.2 * -1.2* -1.2*  -1.2*
50-64 1990-2019 24 * -2.4*  -24* -2.4%*
65+ 1990-2019 30 * -3.0 -3.0* -3.0*
Louisiana 1990-1996 29 1996-2000 -9.6 2000-2019 -0.1 -0.1 -0.1 -0.1
20-49 1990-2019 -1.0 -1.0  -1.0* -1.0*
50-64 1990-2019 -1.8 -1.8*  -1.8* -1.8*
65+ 1990-2019 -1.3 * -1.3*  -1.3* -1.3*
Maine 1990-1994 11.0 1994-2000 -11.3 * 2000-2019 -24 * -2.4*  -24* -2.4%*
20-49 - - - - -
50-64 1990-2019 40 * -4.0*  -4.0* -4.0*
65+ 1990-2019 -36 * -3.6* -3.6* -3.6*
Maryland 1990-2019 23 * -2.3* -2.3* -2.3*
20-49 1990-2019 20 * -2.0*  -2.0* -2.0*
50-64 1990-2019 27 * 2.7% -2.7* 2.7
65+ 1990-2019 21 0 * 2.1 21 -2.1*
Massachusetts 1990-2019 37 * -3.7*  -3.7%  -3.7*
20-49 1990-2019 35 * -3.5* -35* -35*
50-64 1990-2016 -46 * 2016-2019 19.2 -4.6* 12.7 2.7
65+ 1990-2019 -36 * -3.6* -3.6* -3.6*
Michigan 1990-2006 -3.5 * 2006-2019 -0.4 -0.4 -0.4 -0.4
20-49 1990-2003 -41 * 2003-2019 0.5 0.5 0.5 0.5
50-64 1990-2006 -4.3 * 2006-2019 -0.1 -0.1 -0.1 -0.1
65+ 1990-2019 23 * -2.3* -2.3*  -2.3*
Minnesota 1990-2019 21 % 2.1 -21* -21*
20-49 1990-2019 -0.9 -0.9 -0.9 -0.9
50-64 1990-2019 -2.5 -25* -25*% .25%*
65+ 1990-2019 -2.5 -25* -25* -25*
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC

State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
Mississippi 1990-2019 08 * -0.8* -0.8* -0.8*
20-49 1990-2019 -1.0 10  -1.0 -1.0
50-64 1990-2019 -15 * -1.5*  -15% -15*%
65+ 1990-2019 -0.2 02 -02 -02
Missouri 1990-2001 -39 * 2001-2019 -05 -05 -05 -05
20-49 1990-2019 -13 * -1.3*  -1.3*  -1.3*
50-64 1990-2019 .15 * -15*  -15% -15*%
65+ 1990-2019 20 * -2.0*  -2.0% -2.0%
Montana 1990-2019 26 * 2.6*  -26%  -2.6%
20-49 - - - - -
50-64 - - - - -
65+ 1990-2019 41 * -4.1*  -41% 41
Nebraska 1990-2019 -1.0 -1.0 -1.0 -1.0
20-49 1990-2019 -0.5 05 -05 -05
50-64 1990-2019 -0.3 03 -03 -03
65+ 1990-2019 19 * -1.9* 1.9 -1.9*%
Nevada 1990-2019 .18 * -1.8*  -1.8* -1.8*
20-49 1990-2019 20 * -2.0* 2.0 -2.0*
50-64 1990-2019 13 > -1.3*  -1.3*  -1.3*
65+ 1990-2019 24 * 24%  24% 24%
New
Hampshire 1990-2019 37 0* 3.7*  -3.7*  -3.7*
20-49 1990-2019 37 0% 3.7*  -3.7%  -3.7*
50-64 1990-2019 43 * -4.3%  -43*%  -4.3%
65+ 1990-2019 37 % 3.7*  -3.7% 3.7
New Jersey 1990-2019 23 * -2.3%  -2.3*  -2.3*
20-49 1990-2019 31 0+ -3.1*  -3.1*  -3.1*
50-64 1990-2019 28 * -2.8* -28% -28*
65+ 1990-2019 13 0+ -1.3*  -1.3*  -1.3*
New Mexico  1990-2019 19 * -1.9*  -1.9%  -1.9*%
20-49 1990-2019 0.6 0.6 0.6 0.6
50-64 1990-2019 22 2.2%  22%  22%
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC

State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
65+ 1990-2019 34 * -3.4*  -34* -3.4*
New York 1990-2019 -24 * -2.4*  -24* -2.4*
20-49 1990-2006 -3.8 * 2006-2019 -1.0 -1.0 -1.0 -1.0
50-64 1990-2019 -33 * -3.3*  -3.3* -3.3*
65+ 1990-2019 -15 * -1.5*  -15* -15*
North
Carolina 1900-2019 27 % 2.7% 2.7 -2.0*
20-49 1990-2019 27 * 2.7 =270 -2.7*
50-64 1990-2019 27 * 2.7%  -2.07* 2.7
65+ 1990-2019 -28 * -2.8*  -28* -2.8*
Ohio 1990-2003 -3.2 * 2003-2019 -0.9 -0.9 -0.9 -0.9
20-49 1990-2019 -1.3 * -1.3* -1.3*  -1.3*
50-64 1990-2004 -4.1 * 2004-2019 0.1 0.1 0.1 0.1
65+ 1990-2019 -23 * -2.3* -23* -2.3*
Oklahoma 1990-2004 -3.6 * 2004-2019 14 1.4 1.4 1.4
20-49 1990-2019 -0.4 -0.4 -0.4 -0.4
50-64 1990-2019 -0.4 -0.4 -0.4 -0.4
65+ 1990-1997 1.6 1997-2004 -13.5 * 2004-2007 38.2 2007-2013 -11.4 * 2013-2019 6.3 -7.3 6.3 0.1
Oregon 1990-2019 20 * -2.0*  -2.0* -2.0*
20-49 1990-2019 -1.0 * -1.0  -1.0* -1.0*
50-64 1990-2019 21 * -2.1*  -21*  -2.1*
65+ 1990-2019 25 * -2.5*  -25* -25*
Pennsylvania  1990-2019 -26 * -2.6* -2.6* -2.6*
20-49 1990-2019 22 * -2.2*  -2.2*  -2.2*
50-64 1990-2019 3.2 * -3.2% 3.2 -3.2%
65+ 1990-2019 24 * -2.4* -24* -2.4*
Rhode Island  1990-2019 40 * -4.0*  -4.0* -4.0%
20-49 - - - - -
50-64 1990-2019 44 * -4.4*  -4.4* -4.4*
65+ - - - - -
South
Carolina 1990-2019 26 * -2.6* -2.6* -2.6*
20-49 1990-1998 4.0 1998-2003 -16.4 * 2003-2006 20.5 2006-2019 -26 * -2.6* -2.6* -2.6*
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC

State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
50-64 1990-2019 31 0* -3.1*  -3.1*  -3.1%
65+ 1990-2019 26 * 2.6%  -2.6%  -2.6%

Tennessee 1990-2019 -19 * -1.9*  -19* -1.9*
20-49 1990-2019 -13 =+ -1.3*  -1.3%  -1.3%
50-64 1990-2019 25 * -25* -25% -25*%
65+ 1990-2019 17 0 T A By G B

Texas 1990-1995 21 * 2.1*  -21*%  -2.1%
20-49 1990-2011 -1.9 * 2011-2019 1.8 0.8 1.8 1.4
50-64 1990-2019 25 * -25* -25% -25*%
65+ 1990-2019 23 * 2.3%  23% 23

Utah 1990-2019 22 = 2.2%  22% 2%
20-49 - - - - -
50-64 1990-2019 32 * -3.2%  -32%  -32%
65+ 1990-2019 -0.9 09 -09 -09

Vermont 1990-2019 25 * -25* -25% .25%
20-49 - - - - -
50-64 1990-2019 28 * 2.8%  -28% -28*%
65+ 1990-2019 2.0 20 20 -20

Virginia 1990-2019 28 * -2.8* -28% -2.8*
20-49 1990-2019 23 * 2.3%  23* .23
50-64 1990-2019 26 * 2.6*  -26% -2.6%
65+ 1990-2019 30 * -3.0*  -3.00 -3.0*

Washington ~ 1990-2019 20 * -2.0* 2.0 -2.0*
20-49 1990-2019 21 * 2.1%  21% -21%
50-64 1990-2019 19 * -1.9*  -1.9%  -1.9%
65+ 1990-2019 21 * 2.1%  21%  -21%

West Virginia 1990-2019 170 T A By S B
20-49 1990-2019 -1.0 10 -10  -1.0
50-64 1990-2019 170 T A B G O
65+ 1990-2019 23 * 2.3*  23* .23

Wisconsin 1990-2002 -49 * 2002-2019 -1.2 12 12 -12
20-49 1990-2019 33 * -3.3*  -33* .33
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Trend 3 Trend 4 Trend 5 AAPC

Trend 1 Trend 2

State & Age 2010- 2015- 2010-
(years) Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
50-64 1990-2019 33 * -3.3*  -33* -33*%
65+ 1990-2019 -18 = -1.8*  -1.8% -1.8*

Wyoming 1990-2019 -0.4 04 -04 -04
20-49 - - - - -
50-64 - - - - -
65+ - - - -

ABBREVIATIONS: APC = annual percent change, AAPC = average annual percent change

*Statistically significant (p < 0.05)
- Could not be calculated due to sparce data
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Supplemental Table 2. Trends in non-Hispanic White corrected cervical cancer mortality rates by age and state (1990-2019)

Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC
2010- 2015- 2010-
Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
Alabama 1990-2003 -1.9 2003-2019 19 * 1.9* 1.9* 1.9*
20-49 1990-2019 0.8 0.8 0.8 0.8
50-64 1990-2005 -13.6 2005-2019 16 * 1.6* 1.6* 1.6*
65+ 1990-2019 0.1 0.1 0.1 0.1
Alaska 1990-2019 -0.1 -0.1 -0.1 -0.1
20-49 - - - - -
50-64 - - - - -
65+ - - - - -
Arizona 1990-1998 -5.2 1998-2001 9.2 2001-2006 -9.6 2006-2019 1.8 1.8 1.8 1.8
20-49 1990-2019 -1.8 -1.8* -18* -1.8*
50-64 1990-2019 -2.0 -2.0*  -2.0* -2.0*
65+ 1990-2019 -1.0 -1.0 -1.0 -1.0
Arkansas 1990-2019 -0.1 -0.1 -0.1 -0.1
20-49 1990-2019 0.0 0.0 0.0 0.0
50-64 1990-2019 0.3 0.3 0.3 0.3
65+ 1990-2019 -09 =* -0.9* -0.9* -0.9*
California 1990-2004 -3.3 * 2004-2019 -0.7 -0.7 -0.7 -0.7
20-49 1990-2019 1.7 0* -1.7* -1 -1.7*
50-64 1990-2004 -4.3 * 2004-2019 -0.6 -0.6 -0.6 -0.6
65+ 1990-2019 -18 * -1.8* -1.8* -1.8*
Colorado 1990-2019 -25 * -2.5* -25* -25*
20-49 1990-2019 -1.1 -1.1 -1.1 -1.1
50-64 1990-2019 -2.3 -2.3*  -2.3* -2.3*
65+ 1990-2019 -34 -3.4*  -3.4* -3.4*
Connecticut 1990-2019 -25 * -25* -25* -25*
20-49 1990-2019 -31 * -3.1*  -3.1* -3.1*
50-64 1990-2019 -38 * -3.8* -38* -3.8*
65+ 1990-2019 -14 * -1.4*  -1.4*  -1.4*
Delaware 1990-2019 -24 * -2.4* -2.4* -2.4*%
20-49 - - - - -
50-64 - - - - -
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC
2010- 2015- 2010-
Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
65+ 1990-2019 -24 * -2.4%  -24* -2.4%
Florida 1990-2003 -3.0 * 2003-2019 -0.2 -0.2 -0.2 -0.2
20-49 1990-2004 -10 * -1.0* -1.0* -1.0*
50-64 1990-2019 -19 * -1.9*  -1.9* -1.9*
65+ 1990-2019 -13 * -1.3*  -1.3* -1.3*
Georgia 1990-2019 -1.1 * -1.1* -11* -1.1*
20-49 1990-2019 0.1 0.1 0.1 0.1
50-64 1990-2019 -1.1 -1.1 -1.1 -1.1
65+ 1990-2019 -1.8 * -1.8* -1.8* -1.8*
Hawalii 1990-2019 -34 * -3.4* -3.4* -3.4*
20-49 - - - - -
50-64 - - - - -
65+ - - - - -
Idaho 1990-2019 -16 * -1.6* -1.6* -1.6*
20-49 - - - - -
50-64 1990-2019 -2.3 -2.3 -2.3 -2.3
65+ 1990-2019 -2.0 -2.0* -2.0* -2.0*
linois 1990-2019 -1.8 -1.8* -1.8* -1.8*
20-49 1990-1993 7.1 1993-1997 6.0 1997-2012 -45 * 2012-2015 18.9 2015-2019 -7.9 6.6 -7.9 1.1
50-64 1990-2019 -25 -25* -25* -25*
65+ 1990-2019 -1.3 * -1.3*  -1.3* -1.3*
Indiana 1990-2008 -2.8 * 2008-2019 0.9 0.9 0.9 0.9
20-49 1990-2008 -0.7 -0.7 -0.7 -0.7
50-64 1990-2019 -1.3 * -1.3*  -1.3* -1.3*
65+ 1990-2019 -26 * -2.6* -2.6* -2.6*
lowa 1990-2019 -18 * -1.8* -18* -1.8*
20-49 1990-2019 -14 0 * -1.4*  -1.4* -1.4*
50-64 1990-2019 -2.0 * -2.0*  -2.0* -2.0*
65+ 1990-2019 -20 * -2.0* -2.0* -2.0*
Kansas 1990-2019 -09 * -0.9* -0.9* -0.9*
20-49 1990-1996 -10.9 1996-2019 22 * 2.2* 2.2* 2.2*
50-64 1990-2019 21 * 2.1 -2.1*  -2.1*
65+ 1990-2019 -1.2 -1.2 -1.2 -1.2
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC
2010- 2015- 2010-
Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
Kentucky 1990-2019 20 * -2.0* -2.0* -2.0*
20-49 1990-2019 -0.6 -0.6 -0.6 -0.6
50-64 1990-2019 -2.1 -2.1*  -2.1*  -2.1*
65+ 1990-2019 -2.8 -2.8* -2.8* -2.8*
Louisiana 1991-2019 -0.6 -0.6 -0.6 -0.6
20-49 1991-2019 0.6 0.6 0.6 0.6
50-64 1991-2019 -1.0 -1 -1 -0.9
65+ 1991-2019 -1.2 -1.2 -1.2 -1.2
Maine 1990-1994 12.9 1994-2000 -10.7 * 2000-2019 -28 * -2.8* -2.8* -2.8*
20-49 - - - - -
50-64 1990-2019 -4.3 -4.3*  -4.3* -43*
65+ 1990-2019 -34 * -3.4* -3.4* -3.4*
Maryland 1990-2019 23 * -2.3*  -2.3* -2.3*
20-49 1990-2019 -0.8 -0.8 -0.8 -0.8
50-64 1990-2019 -28 * -2.8* -2.8* -2.8*
65+ 1990-2019 27 * 2.7 2.7 -2.7*
Massachusetts 1990-2019 -39 * -3.9* -3.9* -3.9*
20-49 1990-2019 -36 * -3.6* -3.6* -3.6*
50-64 1990-2016 -48 * 2016-2019 209 -4.8* 139 3.1
65+ 1990-2019 45 * -45*%  -45*% -45%*
Michigan 1990-2007 -3.7 * 2007-2019 1.2 1.2 1.2 1.2
20-49 1990-2005 -12 * -1.2*  -1.2*  -1.2*
50-64 1990-2007 -5.1 * 2007-2019 2.3 2.3 2.3 2.3
65+ 1990-2019 22 * -2.2*  -2.2*  -2.2*%
Minnesota 1990-2019 24 * -2.4* -2.4* -2.4*%
20-49 1990-2019 -1.2 -1.2 -1.2 -1.2
50-64 1990-2019 -2.7 * -2.7% 2.7 -2.70*
65+ 1990-2019 -28 * -2.8* -2.8* -2.8*
Mississippi 1990-2019 0.1 0.1 0.1 0.1
20-49 1990-2019 -0.1 -0.1 -0.1 -0.1
50-64 1990-2019 -0.1 -0.1 -0.1 -0.1
65+ 1990-2019 0.4 0.4 0.4 0.4
Missouri 1990-2001 -3.6 * 2001-2019 -0.3 -0.3 -0.3 -0.3
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC

2010- 2015- 2010-
Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
20-49 1990-2019 -0.9 -0.9 -0.9 -0.9
50-64 1990-2019 -1.0 -1.0*  -1.0* -1.0*
65+ 1990-2019 -2.0 -2.0*  -2.0* -2.0*
Montana 1990-2019 -29 * -29*  -29* -29*

20-49 - - - - -

50-64 - - - - -
65+ 1990-2019 41 * -4.1*  -4.1* -4.1*
Nebraska 1990-2019 -0.8 -0.8 -0.8 -0.8
20-49 1990-2019 -0.7 -0.7 -0.7 -0.7
50-64 1990-2019 0.4 0.4 0.4 0.4
65+ 1990-2019 -2.0 -2.0* -2.0* -2.0*
Nevada 1990-2019 -1.2 -1.2*  -1.2*  -1.2*
20-49 1990-2019 -1.3 -1.3 -1.3 -1.3
50-64 1990-2019 -0.6 -0.6 -0.6 -0.6
65+ 1990-2019 -22 * -2.2*  -2.2*  -2.2*%
New Hampshire 1993-2019 -3.3 * -3.3* -33* -3.3*
20-49 1993-2019 -3.8 * -3.8* -3.8* -3.8*
50-64 1993-2019 -4.0 * -4.0*  -4.0* -4.0*
65+ 1993-2019 -29 * -29*  -29* -29*
New Jersey 1990-2019 -19 * -19* -19* -19*
20-49 1990-2019 -26 * -2.6* -2.6* -2.6*
50-64 1990-2019 -23 * -2.3*  -23* -2.3*
65+ 1990-2019 1.1 0* -1.1*  -1.1*  -1.1*
New Mexico 1990-2019 -25 * -2.5* -25* -25*
20-49 - - 1.7 -7 -7

50-64 - - - - -
65+ 1990-2019 -34 * -3.4* -3.4* -3.4*
New York 1990-2019 -19 * -1.9*  -19* -19*
20-49 1990-2019 -19 * -1.9*  -19* -19*
50-64 1990-2019 -28 * -2.8* -28* -2.8*
65+ 1990-2019 -13 * -1.3*  -1.3* -1.3*
North Carolina  1990-2019 -2.1 * 2.1 -2.1*  -2.1*
20-49 1990-2019 -14 =* -1.4*  -1.4*  -1.4*
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC
2010- 2015- 2010-
Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
50-64 1990-2019 -21 * -2.1*  -21*  -2.1*
65+ 1990-2019 -25 -2.5* -25* -25%*
North Dakota 1990-2019 -30 * -3.0* -3.0* -3.0*
20-49 - - - - -
50-64 - - - - -
65+ - - - - -
Ohio 1990-2019 1.7 0* -1.7* -1 -1.7*
20-49 1990-2019 -10 * -1.0*  -1.0* -1.0*
50-64 1990-2019 -1.7 * 1.7 -17* -7
65+ 1990-2019 22 * -2.2*  -2.2*  -2.2*%
Oklahoma 1997-2019 0.3 0.3 0.3 0.3
20-49 1997-2019 0.6 0.6 0.6 0.6
50-64 1997-2019 1.7 1.7 1.7 1.7
65+ 1997-2004 -12.0 * 2004-2007 39.1 2007-2011 -19.0 2011-2019 4.6 -1.9 4.6 1.6
Oregon 1990-2019 -19 * -19* -19* -19*
20-49 1990-2019 -0.6 -0.6 -0.6 -0.6
50-64 1990-2019 22 * -2.2*  -2.2*  -2.2*%
65+ 1990-2019 -24 * -2.4* -2.4*  -2.4*
Pennsylvania 1990-2019 -25 * -25* -25* -25*
20-49 1990-2019 -2.0 * -2.0*  -2.0* -2.0*
50-64 1990-2019 -29 * -2.9* -29* -29*
65+ 1990-2019 24 * -2.4*  -2.4*  -24*%
Rhode Island 1990-2019 3.7 * -3.7*  -3.7* -3.7*
20-49 - - - - -
50-64 1990-2019 -43 * -4.3*  -4.3* -4.3*
65+ - - - - -
South Carolina  1990-2019 -1.7 * O G T S B
20-49 1990-1998 6.7 * 1998-2001 -19.0 2001-2019 1.4 1.4 1.4 1.4
50-64 1990-2019 -23 * -2.3*  -2.3* -2.3*
65+ 1990-2019 -20 * -2.0* -2.0* -2.0*
South Dakota 1990-2019 -0.9 -0.9 -0.9 -0.9
20-49 - - - - -
50-64 - - - - -
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC
2010- 2015- 2010-
Years APC Years APC Years APC Years APC Years APC 2014 2019 2019
65+ - - - - -
Tennessee 1990-2019 -16 * -1.6* -1.6* -1.6*
20-49 1990-2019 -0.5 -0.5 -0.5 -0.5
50-64 1990-2019 -2.6 -2.6* -2.6* -2.6*
65+ 1990-2019 -1.6 -1.6* -1.6* -1.6*
Texas 1990-2019 14 0 * -1.4*  -1.4*  -1.4*
20-49 1990-2019 0.2 0.2 0.2 0.2
50-64 1990-2019 -1.8 -1.8* -18* -1.8*
65+ 1990-2019 -2.3 -2.3*  -2.3* -2.3*
Utah 1990-2019 -20 * -2.0* -2.0* -2.0*
20-49 - - - - -
50-64 1990-2019 -28 * -2.8* -2.8* -2.8*
65+ 1990-2019 -0.6 -0.6 -0.6 -0.6
Vermont 1990-2019 -56 * -5.6* -5.6* -5.6*
20-49 - - - - -
50-64 - - - - -
65+ - - - - -
Virginia 1990-2019 -23 * -2.3*  -2.3* -2.3*
20-49 1990-2019 -18 * -1.8* -1.8* -1.8*
50-64 1990-2019 -19 * -1.9*  -19* -19*
65+ 1990-2019 -28 * -2.8* -2.8* -2.8*
Washington 1990-2019 -1.7 * Y SR Y SR
20-49 1990-2019 1.7 0* 1.7 17 -7
50-64 1990-2019 -14 * -1.4*  -1.4*  -1.4*
65+ 1990-2019 -20 * -2.0* -2.0* -2.0*
West Virginia 1990-2019 -15 * -1.5* -15* -15*
20-49 1990-2019 -0.9 -0.9 -0.9 -0.9
50-64 1990-2019 -14 * -1.4*%  -14*  -14~*
65+ 1990-2019 22 * -2.2* 2.2 -2.2*%
Wisconsin 1990-2009 -4.1 * 2009-2019 1.4 1.4 1.4 1.4
20-49 1990-2019 -33 * -3.3* -3.3* -3.3*
50-64 1990-2019 -30 * -3.0* -3.0* -3.0*
65+ 1990-2019 20 * -2.0* -2.0* -2.0*
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Trend 1 Trend 2 Trend 3 Trend 4 Trend 4 AAPC
2010- 2015- 2010-

Years APC Years APC Years APC Years APC Years APC 2014 2019 2019

Wyoming 1990-2019 -0.3 -0.3 -0.3 -0.3
20-49 - - - - -
50-64 - - - - -
65+ - - - - -

ABBREVIATIONS: APC = annual percent change, AAPC = average annual percent change
*Statistically significant (p < 0.05)
- Could not be calculated due to sparce data
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