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ABSTRACT

THE ASSOCIATION BETWEEN POLITICAL ENVIRONMENT AND COVID-19 MORTALITY
IN SELECTED COLORADO COUNTIES

The SARS-CoV-2 virus spread worldwide triggering a global Coronavirus (COVID-19) pandemic.
COVID-19 remains a public health threat today and may continue to do so into the future dependent on
the emergence of variants and our ability to mitigate harm through vaccines and other public health
measures. The COVID-19 pandemic struck the United States during a time of great political tension and
divide under the administration of President Donald Trump. State-level variation in mitigation measures
may have been influenced by political views. COVID-19 mortality rates also varied by county. This paper
seeks to investigate whether the county-level political environment was associated with differences in

COVID-19 mortality in the state of Colorado.

We examined the association between political environment and county-level age-adjusted
COVID-19 mortality rates during 2020 and 2021. Political environment is measured using data from the
2016 and 2020 Presidential election vote distribution by county, obtained from the Colorado Secretary of
State. Outcome data was obtained from the Colorado Department of Public Health and Environment
(CDPHE), having already been age-adjusted using direct standardization based on the 2010 Census. Any
counties with 3 of fewer deaths in a calendar year were excluded, leaving a total of 48 counties in 2020
and 56 in 2021. Rate ratios and 95% confidence intervals were estimated using Quasi-Poisson regression
models, separately for 2020 and 2021 mortality data. The models were adjusted for population density,
the percentage of county residents without health insurance, and the demographics percentile from the
Colorado EnviroScreen Environmental Justice Tool. Models were further evaluated for the presence of

effect modification by population density.



There are a total of 64 counties in the state of Colorado. In the 2016 election, 42 counties voted
for Donald Trump. In the 2020 election, that dropped to 40 counties. Age-adjusted mortality rates ranged
from 14.3-458.0 per 100,000 over the two years of data. For 2021 mortality data, the estimated mean
adjusted mortality rate was 78% higher among counties where aggregated individual votes were highest
in percentage for Donald Trump in 2016 as compared to counties with highest vote percentage for Hilary
Clinton. (RR =1.78; 95% Cl: 1.26-2.59). For 2020, the estimated mean adjusted mortality rate was found
to be 24% higher among counties voting in highest percentage for Donald Trump in 2016 as compared to
counties voting in highest percentage for Hilary Clinton, though this association was not statistically
significant. (RR=1.24; 95% Cl: 0.81-1.94). Similar results were observed for the 2020 election data
(comparing county-level voting results for Trump vs. Biden). We did not observe evidence that the

association was modified by population density.

This study observed an association between county-level political environment and age-adjusted
COVID-19 mortality rates, specifically finding an association that became statistically significant during
the pandemic. These results build on a growing body of evidence studying the links between politics and
COVID-19 outcomes. Strengths of this study include the use of publicly available datasets, state-wide
analysis, multiple model options with similar results indicating robustness, and utilization of a novel
environmental justice metric to adjust for multiple confounders simultaneously. As this was an ecological
study, inference cannot be extended to individuals. Future research may want to further explore both the
individual and community political exposures that may influence mortality. It may also be suggested to
investigate election data as a continuous rather than binary variable to tease out the relationship in more
detail. Studies such as this may be useful as the COVID-19 pandemic is still ongoing, and in preparation

for any future pandemics.



ACKNOWLEDGEMENTS

I would like to acknowledge and thank my advisor, Andreas Neophytou, and my co-advisor,
Jennifer Peel for their ongoing support and encouragement in this research. | would like to extend deep
gratitude for the time and efforts of my committee members, Molly Gutilla and David Rojas-Rueda.
Additionally, many thanks to Kayleigh Keller for assistance and offering incredibly helpful suggestions.

Many thanks to CDPHE for assistance in obtaining data for this project.

| would like to thank the serendipitous timing of the pandemic itself for getting me back into the
field of public health. | am thankful for the opportunities given to me by the CDC Foundation through
grant funded COVID-19 relief job placement, for the wonderful and tireless staff of Tri-County Health
Department, for all the team leaders and coordinators | got to know in that time and space, and for all
those out there still doing this work. Although the word unprecedented gets thrown around a lot these
days, the position we were in was often just that — unprecedented. | thank you all for your hard work and
dedication, for your quest for knowledge and curiosity in the face of a novel virus, for your flexibility and

kindness during a time of great uncertainty. This has been difficult work, but it is work worth doing.

During the height of the pandemic, | was hired by the CDC Foundation to work on the COVID-19
response, part of the surge hiring that was done to address rising case numbers. | was assigned to a
health department here in Colorado that spanned three diverse counties. The political tension ran so
high that the county commissioners for one county voted to leave the health department. We were
faced with daily changes, sometimes finding out about major decisions within the health department
from the news before we were told directly. The outspoken disagreement the county level officials had
with the policies of the health department in regard to the pandemic trickled out to the residents.
County residents started asking more questions, started to push back more on isolation and quarantine

guidance.



When | left this work to come back to school, | made a promise to my team that | would do this
research. What we saw every day, the misinformation that we were combatting, the doubt towards
those of us in public health are experiences that | struggle even now to put into words. It could easily be

chalked up to anecdotal evidence and waved away, sure. | felt like it was bigger than that.

| also noticed pretty early on in the pandemic that counties that had similar population numbers
here in Colorado were seeing what appeared to be huge differences in their case counts, in the number
of hospitalizations, in the number of deaths. Knowing that | couldn’t draw any conclusions without
having all the data in front of me, without running age-adjusted rates, without controlling for
confounding, | knew that | needed to do this research. | needed to see if there really was an association

this larger idea of county-level political environment and COVID-19 mortality. This is that research.

| would be remiss if | did not hold a space here for all those we have lost to COVID-19. They are
the true inspiration for this work. Each and every person lost to this virus, that we are still losing every
day even now, they were all deeply loved and are greatly missed. Let us who are doing this work never
lose sight of the truth that these numbers presented here today aren’t just numbers: they were all
individual people with friends and families, with passions and gifts, and with communities that weren’t
done needing them yet when they were taken. May we never stop looking for ways to keep people safe,

my fellow epidemiologists.

| want to thank my friends and family near and far for nudging me to do this research, for
insisting that | needed to do this research. | especially want to thank my brother, Gary, for the constant
dose of reality checks in my life, Lynette for being on this wild long-distance ride with me, and Heather

for always being the one encouraging me to keep swimming upstream.

| want to thank my children for encouraging me and pushing me and believing in me, for

understanding when | needed to work on this project, for being patient enough to listen to me and sit



with me. For recognizing when | needed a hug or a long walk with one of my kids. You make me want to
change the world (to infinity and beyond). I’'m so proud of you all, and | hope you’re proud of me too.

Love you more first.

Finally, | want to thank my husband Tom. Without your encouragement, | don’t know that |
would be here at all, and I'm certain | wouldn’t have made it through those first few weeks of coding.
You have dragged me to the mountains, forced me to take breaks, let me scream into the abyss, and you
have even crafted some amazing pivot tables when | needed them most. When | have been frustrated,
you have given me perspective and reminded me why | am doing all of this. As wild as this ride on the
rollercoaster of our lives has been, | cannot think of anyone | would rather be sitting beside than you. |

love you. Thank you.

Vi



TABLE OF CONTENTS

ABSTRACT ..ottt sttt ettt ettt et et st st b b sttt et beae b s ea sea et b bt eb e es e se bt ea ses et e ses et ees b ebe s et sen et ebe e i
ACKNOWLEDGIMENTS....c.tctiteesiieteecreseier st eteses s eae e ea s et ses st st st s et eas ses et eseaeseea s et eut et sbeb et ebesensesaneess iv
CHAPTER 1 - INtrOUCTION.c.ceiteeeeeirt ettt sttt sttt st s e sttt eb sttt ea st ses bt sbeaes s e ebenenbenenes 1
CHAPTER 2 = IMIANUSCEIPE ettt st irtte st st est e s stestecetaes s s ste st eestesbe st aesaessae sssaessassaesssaessssssesssssesnsesnasssenessns 6
APPENDIX...ct it sttt trt et sttt et sttt st sae st s et ebe st beb s eae st sea s st ebe st aea bt eae se s ek eae st aes ek e ek sen bbb ebe st aesseneaten 29

Vii



CHAPTER 1 — INTRODUCTION

The intersecting fields of public health and epidemiology work endlessly trying to gather the
most current, most scientifically accurate information about potential hazards and risks to health, on a
joint mission to better inform the policy makers, the health care system, and ultimately, to protect the
general public. We strive to find associations, to build evidence, to find the truth about all that ails us as

human beings, and yet there are times that we may not have any idea what we are about to face.

In infectious disease, there are the agents known to us and a vast mystery in all those still
unknown. Although we had known and become familiar with several different coronaviruses prior to
2019, the news out of China in the late fall that year was unsettling. This one was new, it was different, it

was novel. It would come to be known as SARS-CoV-2.

International groups and individual nations had been preparing for an event such as this,
including the United States. Influenza outbreaks in the 1970s led to the initiation of the Federal
Interagency Working Group on Influenza, then a formal surveillance and planning recommendation came
from the Institute of Medicine in the 1980s. These events led to the creation of the Council of State and
Territorial Epidemiologists. Anthrax attacks upped the game and made people realize they needed to
prepare for more than just influenza. An outbreak of SARS led to increased funding in the 1990s, and a
more focused approach on preparation for potential outbreaks, and even pandemics (Iskander et al.,

2013).

The past twenty years have seen more organized pandemic preparation, more surveillance,

more data collection, more modeling. There were gaps that became critical, though, once the SARS-CoV-



2 virus arrived on our shores in early 2020. We clearly weren’t ready. A stockpile of Personal Protective
Equipment (PPE) that had been depleted during the HIN1 pandemic in 2009-10 and had not been
restocked by then President Obama, not by Congress, and not by the President in 2020, Donald Trump. It
simply had not been a funding priority for anyone with the legal authority to replenish it all. In addition
to the shortages, we realized quickly that we did not seem to have the capacity to manufacture enough
masks or testing materials domestically. Medical staff nationwide were forced to reuse N95 masks for
quite some time, other protective equipment was in short supply, and tests were not widely available

(Depleted National Stockpile Contributed to COVID PPE Shortage, n.d.).

The Global Health Security Directorate within the National Security Council charged with
preparing for future pandemics was ended in May 2018, though it has since been claimed this decision
did not affect the nation’s response to the COVID-19 pandemic less than two years later (Trump
Disbanded NSC Pandemic Unit That Experts Had Praised, 2021). President Trump proposed massive cuts
to the Centers for Disease Control and National Institutes of Health as soon as he took office, continuing
to press for cuts even during the height of the pandemic (SBC Trump Budget Public Health Fact Sheet 2-

12-20 FINAL.Pdf, n.d.).

It could be argued that there was never not a time when the COVID-19 pandemic was politicized.
Rather, from even before cases were first detected on our shores, there was a rhetoric that emerged

about the virus. The collision between politics and public health was on display on the news every day.

President Trump downplayed the threat of the virus in the early months with statements such
as, “It’s going to disappear. One day, like a miracle, it will disappear.” (Goldberg, n.d.). The suggestion
that the virus was not a threat gave many Americans a false sense of security and put mitigation efforts

at odds with the level of the threats many people perceived.



Masks were a contentious issue from the start, and the initial guidance was that they may not be
effective, when in reality it was known that the stockpile had been depleted and the most pressing
concern was ensuring an adequate supply for healthcare providers. Perhaps greater transparency about
that from the beginning would have reassured the public. As scientists learned more about the virus,
that guidance changed and masks were recommended for everyone, mandated in many places. Some
communities saw that shift in guidance as evidence that those in charge of making decisions did not
know what they were doing, or that perhaps were not being fully honest. In truth, though, this was a
rare opportunity for the general public to witness the scientific process playing out in real time. This
disconnect contributed to undermining trust in public health institutions for some communities (Face

Masks in the US: Why Guidance Has Changed so Much | CNN, n.d.).

Many people in positions of leadership began to push back openly on mask mandates, working
from home and limiting social interaction, advocating for individual freedom and liberty instead. Some
saw the threats to their jobs and restrictions on gatherings as worse than the existential threat of the
virus. Early in the pandemic, masks were one of the few mechanisms we had at the time to reduce the
spread of the virus (Victor et al., 2020), but it was not something that everyone ever agreed upon. It
became evident quickly that a political divide was emerging in regard to masks, social distancing, and the
virus in general. Those dividing lines followed closely along with who someone voted for in the 2016

election (Atske, 2020).

From the beginning of the pandemic, President Trump made clear that he was not going to issue
any stay-at-home orders, insisting those decisions were best left to the states. States were left to make
their own decisions about mitigation measures, which varied widely. Colorado’s steps are detailed in the
next Chapter, leading to the basis for this research. County level decisions and control took center stage
early on in the pandemic. The stay-at-home order issued in Colorado lasted only 30 days, after which

time the state shifted to a metric of guidelines that were intended to help counties make decisions about
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reopening, in person work and school, restaurant and bar reopening, and gathering. Some counties
enacted even stricter guidance than the state metric suggested, while others elected to not enforce

many restrictions, if any (Swidler, n.d., Duggan, n.d.).

The aim of this research has been to evaluate the association between the variation in county
level political environment and COVID-19 mortality, while adjusting for the percentage of the population
without insurance, population density, and the various county-level demographic characteristics as
captured by the demographics percentile from the Colorado EnviroScreen Environmental Justice tool

(Colorado EnviroScreen | Department of Public Health & Environment, n.d.).
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CHAPTER 2 - MANUSCRIPT

The Association Between Political Environment and COVID-19 Mortality in Selected Colorado
Counties

Kelly DeBie
Abstract

Background: The SARS-CoV-2 virus spread worldwide triggering a global COVID-19 pandemic. COVID-19 remains a
public health threat today and may continue to do so into the future dependent on the emergence of variants and
our ability to mitigate harm through vaccines and other public health measures. The COVID-19 pandemic struck the
United States during a time of great political tension and divide under the administration of President Donald
Trump. State-level variation in mitigation measures may have been influenced by political views. COVID-19
mortality rates also varied by county. This paper seeks to investigate whether county-level political environment

was associated with differences in COVID-19 mortality in the state of Colorado.

Objectives: We examined the association between political environment and county-level age-adjusted COVID-19
mortality rates during 2020 and 2021, with political environment measured by election results in the 2016

Presidential election in the state of Colorado.

Methods: We examined the association between political environment and county-level age-adjusted COVID-19
mortality rates during 2020 and 2021. Political environment is measured using data from the 2016 and 2020
Presidential election vote distribution by county, obtained from the Colorado Secretary of State. Outcome data was
obtained from the Colorado Department of Public Health and Environment (CDPHE), having already been age-
adjusted using direct standardization based on the 2010 Census. Any counties with 3 of fewer deaths in a calendar
year were excluded, leaving a total of 48 counties in 2020 and 56 in 2021. Rate ratios and 95% confidence intervals
were estimated using Quasi-Poisson regression models, separately for 2020 and 2021 mortality data. The models

were adjusted for population density, the percentage of county residents without health insurance, and the



demographics percentile from the Colorado EnviroScreen Environmental Justice Tool. Models were further

evaluated for the presence of effect modification by population density.

Results: There are a total of 64 counties in the state of Colorado. In the 2016 election, 42 counties voted for Donald
Trump. In the 2020 election, that dropped to 40 counties. Age-adjusted mortality rates ranged from 14.3-458.0 per
100,000 over the two years of data. For 2021 mortality data, the estimated mean adjusted mortality rate was 78%
higher among counties where aggregated individual votes were highest in percentage for Donald Trump in 2016 as
compared to counties with highest vote percentage for Hilary Clinton. (RR = 1.78; 95% Cl: 1.26-2.59). For 2020, the
estimated mean adjusted mortality rate was found to be 24% higher among counties voting in highest percentage
for Donald Trump in 2016 as compared to counties voting in highest percentage for Hilary Clinton, though this
association was not statistically significant. (RR=1.24; 95% Cl: 0.81-1.94). Similar results were observed for the 2020
election data (comparing county-level voting results for Trump vs. Biden). We did not observe evidence that the

association was modified by population density.

Discussion: This study observed an association between county-level political environment and age-adjusted COVID-
19 mortality rates, specifically finding an association that became statistically significant during the pandemic.
These results build on a growing body of evidence studying the links between politics and COVID-19 outcomes.
Strengths of this study include the use of publicly available datasets, state-wide analysis, multiple model options
with similar results indicating robustness, and utilization of a novel environmental justice metric to adjust for
multiple confounders simultaneously. As this was an ecological study, inference cannot be extended to individuals.
Future research may want to further explore both the individual and community political exposures that may
influence mortality. It may also be suggested to investigate election data as a continuous rather than binary
variable to tease out the relationship in more detail. Studies such as this may be useful as the COVID-19 pandemic

is still ongoing, and in preparation for any future pandemics.



Introduction

The first case of COVID-19 was detected in the United States in late January 2020 (CDC, 2022). The first
case in the state of Colorado was identified March 5, 2020 (Colorado Has First Positive Case of COVID-19
| Colorado COVID-19 Updates, n.d.). There was no stay-at-home order issued at the federal level.
Instead, President Trump communicated his thoughts early on that the virus was not a very serious
threat, minimizing the risk to the population with statements such as, “It’s going to disappear. One day,

it’s like a miracle, it will disappear”, (Goldberg, n.d.).

Due to the fact that there were no nationwide decisions made regarding the issuance of stay-at-home
orders, those decisions were left to the states and territories. Between March and May, forty-two states
and territories issued stay at home orders (Moreland, 2020). States with Democratic Governors were
quicker to adopt stay at home orders and other mitigation efforts at the state level, which was connected

to slower increasing case rates (Shvetsova et al., 2022).

In the state of Colorado, Governor Jared Polis issued a stay-at-home order on March 26 which was set to
last only for 30 days (Swidler, n.d.). Upon expiration of that order, the state shifted to a Safer-at-Home
metric of guidelines that counties were intended to use to make decisions about in-person reopening of
businesses, restaurants and bars, schools, and workplaces. The metric was also intended to serve as
guidance for implementation of mitigation measures such as mask requirements, capacity limitations,
and restrictions on in-person gatherings. There was near immediate variation statewide in terms of how
those guidelines were used to shape decisions in each county. Some counties such as Denver County
implemented more stringent restrictions than the state metrics recommended, while other counties like
Weld County openly and publicly expressed intent to ignore the guidelines and to fully reopen
businesses instead (Swidler, n.d., Duggan, n.d.). County level decisions consequently became particularly

important.



During this time, the local health departments in Colorado also came under fire for COVID-19 work, with
many being targeted for vandalism, threats of violence, and doxxing of employees, primarily done by
people unhappy with the reality of the pandemic, those who were refusing isolation and quarantine
orders, and people who were generally not believing that the virus was a real threat (Birkeland, n.d.).
The political rhetoric about the virus itself or mitigation measures to control the spread of the virus
eventually led to such disunity in some areas that health departments lost funding, had high level
resignations or terminations. In one Colorado case, the health department dissolved entirely after
multiple member county commissioners voted to leave (Daley, n.d., Tri-County Health Department Set to

Completely Dissolve on Dec. 31, 2022).

As this has been a rapidly changing experience with a novel virus, the number of studies on factors
influencing COVID-19 outcomes were few in the beginning but grew over time. Given the highly charged
political environment, it did not take long for researchers to start finding ways to study the connections

between politics and COVID-19.

An early study focused on trying to ascertain what groups of people were most likely to die evaluating
socioeconomic factors and the political party the county voted for in a given jurisdiction. At that time,
very early in the pandemic, counties voting for Hilary Clinton in the 2016 election had a significantly
higher mortality rate (Feinhandler et al., 2020). Those early results would gradually begin to shift into the
summer of 2020, and trend the other direction. By July and August, the counties voting in largest

percentage for Trump started to see their death rates rise (Morris, 2021, Chen & Karim, 2021).

Early studies found partisan differences in social distancing with more conservative areas retaining a
higher level of mobility using geotracking data (Gollwitzer et al., 2020, Ingram et al., 2021, Desmet &
Wacziarg, 2022, Jalali et al., 2022). Conservatism was also found to be associated with lower mask usage

(Gonzalez et al., 2021), and declined early vaccine doses even among healthcare workers (Toth-



Manikowski et al., 2022). One study found that areas later to adopt mitigation measures were more
conservative, and that the mitigation measures once installed were less likely to be successful (Amuedo-

Dorantes et al., 2021).

Differences found in the variety and depth of information published on local government websites about
COVID-19 associated with the overall partisanship of a county (Hansen et al., 2021). Behaviors aligning
with rugged individualism were found to impact the degree of collective action taken to mitigate the
effects of the pandemic (Bazzi et al., 2021). A long and detailed article published in early 2021 by The
Lancet laid out the failings of the Trump administration in the management of the pandemic
(Woolhandler et al., 2021). Higher rates of conservative voters in a county were found to be associated

with lower perceptions of pandemic related risks (Barrios & Hochberg, 2021).

More recent studies have sought to study the relationships between politics and COVID-19 outcomes.
One linked individual level political party by registration to excess mortality rates during the pandemic
(Wallace et al., 2022). A Florida study found that counties voting Republican had overall worse COVID-19
outcomes data (Bernet, 2021), though this study only utilized data through March 2021 and may not
have considered overdispersion in the model used. A study was done on the degree of change between
2016-2020 voting patterns and how that change was associated with the NY Times COVID-19 mortality

data set (Parzuchowski et al., 2021).

This research was done with the intention to study the relationship between political environment and
COVID-19 mortality. County level analysis was chosen here for several reasons related to political
environment. First, the reality that in a pandemic with a respiratory pathogen, our exposure and risk
were not only defined by individual behaviors but also by the people in the community around us.
Second, decisions about mitigation and belief in COVID-19 conspiracy theories generally followed in line

with who someone voted for in the election (Atske, 2020, Parker & Stern, 2020). Party affiliation alone
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was not selected here to be utilized as a predictor because there is a high percentage of unaffiliated
voters in Colorado with unaffiliated voters ranking higher in percentage statewide than both Democrats
and Republicans (“Policy”, n.d.). It would also be nearly impossible to draw any conclusions about the
influence of political affiliation from county level elected officials, including those who held great
decision-making power in this timeframe, because those positions are officially non-partisan. County
level decisions regarding masking requirements and other mitigation measures were thus made on an
officially, even if perhaps not effectively, non-partisan basis. Thus, presidential vote data was a good

proxy for political environment at the county level.

In this volatile and varied environment, and in the context of highly politicized pandemic for a respiratory
pathogen, different approaches taken by different counties may have made a difference in terms of
COVID-19 outcomes. We aimed to explore whether differences in political environment, measured by
the 2016 Presidential election vote distribution, were associated with county-level COVID-19 mortality in

2020 and 2021 in Colorado.

Methods

Study Design and Population

The aim of this ecological study was to explore the association between age-adjusted COVID-19 mortality

rates and political environment at the county level within the state of Colorado.

Colorado resides in the Mountain West region of the United States, but contains deserts, plains, and
urban areas in addition to the mountains. The Front Range area of Colorado runs from the Wyoming
border on the North side down and along the Eastern slope of the mountains until it reaches Colorado

Springs. The most densely populated counties are found along the Front Range.
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There are a total of sixty-four counties in the state of Colorado. Sixteen counties lacked outcome data for
2020, eight lacked outcome data for 2021. Counties were excluded from the analysis for missingness in
the data. The largest county excluded from the dataset for missingness over both years was Pitkin
County in 2021, with a total population of 17,349. All other excluded counties had significantly smaller

populations.

Outcome

The outcome of interest was age-adjusted COVID-19 mortality rates in 2020 and 2021. Inclusion was
dependent on the use of ICD-10 Code U07.1 and pertains only to death certificates where COVID-19 was
listed as the primary or underlying cause of death. Data obtained from the Colorado Department of
Public Health and Environment (CDPHE) only reflected counties that had more than 3 deaths per
calendar year. Although this was intended to be a statewide analysis, a total of forty-eight counties in
2020 and fifty-six in 2021 were included based on outcome data availability. The purpose of the CDPHE
redaction was to limit any potential identification of individual cases. Any county with 3 or fewer deaths
annually from COVID-19 thusly was not used in the calculation of the age-adjusted mortality rates
obtained from CDPHE. Although this exclusion basis primarily impacted counties with very small
absolute population numbers, there were still several counties fully included in the analysis with fewer
than 5,000 residents. Mortality rates were adjusted by CDPHE using direct standardization and the 2000

United States census population.

Exposure

The primary exposure variable in this analysis was the binary 2016 Presidential election vote outcome in
each county, based on raw election data from the Secretary of State of Colorado. Data was selected from
the publicly available dataset specific to the number of votes for the Republican and Democratic

candidates as well as the total number of votes cast in each county. Counties that voted with the highest
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percentage for the Republican candidate, Donald Trump, were considered exposed. Counties that voted
with the highest percentage for the Democratic candidate, Hilary Clinton, were considered unexposed.
Models were also run using the 2020 Presidential election vote outcome, considering counties voting in
highest percentage for Donald Trump to be exposed and counties voting in highest percentage for Joe

Biden to be unexposed.

Covariates

Additional variables included in the analysis were population density, the uninsured rates in each county,
and the Demographics Percentile metric designed for the EnviroScreen Environmental Justice tool

(Colorado EnviroScreen | Department of Public Health & Environment, n.d.).

Population Density: Population density is included for two related reasons. First, the idea that
transmissibility of a contagious respiratory virus would be higher in a more densely populated area.
Second, to reflect the diversity in land use throughout the state, one with urban, rural, mountainous,
desert, and suburban areas. Population density data was obtained from the Colorado Department of
Local Affairs, State Demography Office in raw numbers of people per square mile. This was used further

to construct a binary variable for high- and low-density counties for the secondary analysis.

Uninsured Rates: The uninsured rates represent the percent of the county population that lacks any form
of insurance coverage. Those with Medicare and Medicaid are considered insured for the purpose of this

metric. This data was obtained from The Colorado Health Institute.

EnviroScreen Demographics Percentile: EnviroScreen is an interactive mapping tool created by CDPHE
(Colorado EnviroScreen | Department of Public Health & Environment, n.d.). Metrics incorporate
information on income and demographics into one measurement useful for comparing counties in
Colorado, downloadable from their website directly. EnviroScreen models environmental risk and
disparate impact at the county level. The inclusion of this metric allows for the simultaneous
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consideration of a multitude of variables, and potentially demonstrates the utility of this measure as
used in epidemiologic research. Higher percentile scores in this metric are indicative of a higher impact

on communities at risk. Alternatively, a lower score means that a county is less burdened.

Statistical Analysis

To account for overdispersion in the data, Quasi-Poisson regression models were run separately for
mortality data in 2020 and 2021. Data was only available on an aggregate annual basis. The models were
run separately due to differences in the mechanisms in which political environment may be related to
mortality outcomes. In the earlier year of the pandemic, politics seemed to play a larger role in
mitigation measures, social distancing, mask mandates, closures, and remote schooling decisions
(Gollwitzer et al., 2020). In the second year of the pandemic, the influence of political ideation appears
to have switched more to vaccination status. The relationship between county level vaccination rates

and mortality has been demonstrated (McLaughlin et al., 2022).

The primary model utilized a binary predictor based on the presidential election data in a Quasi-Poisson
regression with Republican and Democrat set at the binary options. There were no counties that had a
candidate from another party with more votes than the Republican and Democratic candidates. The
highest percentage of votes received by any other party candidate was 6.4% in Mineral County, for the
Libertarian candidate, Gary Johnson. A likelihood ratio test was used to determine whether the inclusion

of presidential vote in the model against a reduced model was statistically significant.

Effect modification by population density was also explored through the introduction of a product term
for the election data with a binary representation of population density. High density populations were
those with more than 100 people per square mile. Low density populations were those counties with

100 or fewer people per square mile. Rate ratios were obtained along with 95% confidence intervals and
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p-values. Secondary analysis was done using the 2020 Presidential election data as the predictor versus

2016.

We considered negative binomial regression models in a separate sensitivity analysis as comparison to
the Quasi-Poisson models. Likewise, there was also a comparison model constructed utilizing a broader

Health and Social Factors Percentile Score from the EnviroScreen dataset.

Statistical analyses were primarily performed in R, version 4.2.1, with some preliminary data cleaning

conducted using Microsoft Excel.

Results

There are sixty-four counties in the state of Colorado. Forty-eight counties had data available for the
2020 mortality rates, and fifty-six had available data for the year 2021. Missingness in the data occurred
as the result of censoring counties with a small number of deaths to avoid any possibility of identification
of individuals. Although those excluded counties were generally among the least populated in the total
sample, there were five counties included in both years of the analysis that have fewer than 5,000
residents each: Cheyenne, Sedgwick, Costilla, Phillips, and Washington. Distribution of characteristics
among those selected counties are shown in Table 1. Data on all 64 counties included in the

Supplemental Material, Table S1.

Approximately 10% of the county residents measured here were found to be lacking health insurance

coverage. The lowest percentage of uninsured residents statewide was 3%, the highest 17%.

Population density has a substantial range in the state of Colorado, reflecting the wide range of land
types and use within the state. The least densely populated counties fall below one person per square

mile. Notably, the population density 75" percentile is reflected by 48.35 people per square mile,
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primarily because the highest populated counties are few in number. The maximum density is found in
Denver County at 4,586.68 people per square mile, quite a departure from even the 75" percentile

value.

The Demographics Percentile is a constructed metric designed by CDPHE for EnviroScreen with the
purpose of allowing comparison between and among the counties within Colorado. It is intended to be a
way to show disproportionate impact within the state scaled from 0-100. The higher the percentile score
is, the greater the disproportionate impact for the residents of that particular county. The lower the
demographics percentile score is, the lower the disproportionate impact experienced by residents of

that county as a whole.

Table 1
Characteristics of Selected Counties in Colorado for 2020 & 2021

Counties selected for each year based on availability of mortality data from CDPHE.

Mean Standard Median 25t-75th
Deviation Percentile
2020, n=48
Age-adjusted COVID-19 mortality = 78.3 47.0 69.1 38.8-97.3
rate per 100,000
Percentage of the County 10.0 3.9 10.0 7.0-13.0
that is Uninsured
Population Density = 225.5 733.9 16.3 5.6-47.4
(people per square mile)
Demographics Percentile 55.9 29.0 58.6 35.2-80.1
from EnviroScreen Tool
2021, n=56
Age-adjusted COVID-19 mortality 111.96 76.92 97.70 58.18-147.58
rate per 100,000
Percentage of the County 10.0 3.7 10.0 7.0-13.0
that is Uninsured
Population Density 194.3 682.8 12.7 4.4-35.7
(people per square mile)
Demographics Percentile = 55.2 28.2 57.0 35.2-78.5
from EnviroScreen Tool
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Mapped data regarding population density of the counties in Colorado presented in Figure 1.

Population Density in Colorado
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Figure 1: Population Density of Counties in Colorado

The most densely populated areas of Colorado reside along the Front Range, with the less densely

populated areas spanning the mountain, desert, and plains regions.

Results for both the 2016 and 2020 data are presented visually in Figure 2.

The primary model utilized election data from the 2016 Presidential election. For 2021, the rate ratio
was 1.78 (95% Cl: 1.26-2.59), meaning that counties with the highest percentage of votes for Trump
experienced a 78% higher adjusted COVID-19 mortality rate in 2021 when compared to counties that
voted for Clinton. For 2020, the adjusted rate ratio for age-adjusted COVID-19 mortality was found to be
1.24 (95% ClI: 0.81-1.94). Effect modification was assessed and found not to be statistically significant.
The inclusion of political environment in the model was tested using a likelihood ratio test and found to

be significant for 2021, but not for 2020.
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As the primary model utilized 2016 election data, the secondary model used 2020 election data for
comparison. For 2021, the rate ratio was 1.85 (95% Cl: 1.33-2.62), again meaning that Trump voting
counties experienced an 85% higher adjusted COVID-19 mortality rate as compared to counties that
voted for Biden. For 2020, the rate ratio for age-adjusted COVID-19 mortality was found to be 1.31 (95%
Cl: 0.88-1.99). The choice of year for election data ultimately did not make that much of a difference in
the results. Both options showed a non-significant association in 2020, both showed a significant

association in 2021.

To evaluate the significance of including election data in the model, a likelihood ratio test was used to
compare the full primary model with a reduced model not including election data. The inclusion was

found to be significant in 2021 (p=0.0008), but not in 2020 (p=0.32).

2016 Election Data
Model

2020 Mortality/2016 Election
2021 Mortality/2016 Election
2020 Mortality/2020 Election
=&~ 2021 Mortality/2020 Election
2020 Election Data

>

1.0 1.5 2.0 25

Rate Ratio shown with 95% Confidence Interval

Figure 2: Rate ratios (95% Cl) from Quasi-Poisson adjusted models showing the association between
political environment, measured by 2016 & 2020 Presidential election outcome data, and the age-
adjusted COVID-19 mortality rates for 2020 & 2021.
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The product term between the election data and a binary indicator of population density was found not

to be statistically significant (results not shown).

Sensitivity Analyses

As a sensitivity analysis, the models were also run as negative binomial regressions. Those models
aligned very closely with the results of the Quasi-Poisson regression results with significance found in
2021, but not in 2020. Negative binomial model results shown in Supplemental Material, Table S2.

The broader Health and Social Factors metric from the EnviroScreen tool was not employed in the
primary analysis because included in the calculation of this metric are information on life expectancy and
age distribution for each county and it would be preferred not to include those metrics when the
outcome of interest is a measure of mortality. The comparison models using the full Health and Social
Factors Percentile from the EnviroScreen tool resulted in the association under study remaining in the
same direction as it was using the narrower-in-scope Demographics Percentiles, though the strength of
the association was a bit smaller resulting in attenuated effect estimates. Again, significant associations

were found in 2021, but not in 2020. Results of this sensitivity analysis are shown in Table 2.

Table 2: Estimated (attenuated) Rate Ratios and 95% Confidence Intervals for sensitivity models utilizing
broader EnviroScreen Health and Social Factors Percentile instead of Demographics Percentile.

Rate Ratio (95% Cl)
2016 Election Data/2020 Mortality 1.17 (0.74-1.89)
2016 Election Data/2021 Mortality 1.46 (1.03-2.12)
2020 Election Data/2020 Mortality 1.26 (0.83-1.97)
2020 Election Data/2021 Mortality 1.58 (1.15-2.24)
Discussion

The findings from the current study show positive associations between county-level political
environment and age-adjusted COVID-19 mortality rates. All of the various models presented here found
comparable results, with the association between the election data, our proxy for political environment,

and mortality found in 2021. There was not a significant association between the election data and age-
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adjusted COVID-19 mortality rates found for the year 2020. These findings add to the growing body of

evidence that political environment is associated with COVID-19 outcomes.

The primary analysis here utilized 2016 Presidential election data. 2020 Presidential election data was
not selected for the primary model due to the possibility of reverse causation, if there was something
about the pandemic itself that led to a change in voting behavior among the study population. The
pandemic was already underway when the 2020 election occurred as well, introducing another avenue
for potential reverse causation with the 2020 mortality data since they were happening simultaneously.
It was run here as a comparison to the 2016 data to see if there were any meaningful differences. The
point estimate for 2021 mortality using the 2020 election data was a bit stronger and does not have the
issue of potential reverse causation, so it would be appropriate to use that model structure to define the
true association here as well. Generally, though, the results were similar for both Presidential election

year predictors.

Tests for including the election data in the models were found to be statistically significant in 2021, but
not 2020, which suggest that something might have shifted during the pandemic in terms of what
influenced mortality outcomes. This significance supports the idea that political environment may have
become a factor in county level analysis during the pandemic. Whether this change is something
permanent remains to be seen, but research such as the present study might help guide and inform
what we include as potential covariates and social determinants of health moving forward. The reality of
depletion of susceptibles may begin to surface as well regarding COVID-19, both in the realm of
vaccination status and mortality from the virus (Kahn et al., 2022, Oh et al., 2022). This could eventually

impact any trends we see currently in the data as we move forward in time.

For the purposes of this research, it was impossible to separate out what the role of individual level

political views might have been and how that factors into the county-wide environment since there was
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not individual level data utilized here. The individual level association of political affiliation and excess
deaths during the COVID-19 pandemic has been demonstrated, only emerging as a difference after
COVID-19 vaccines were available nationwide (Wallace, et al.,2022). This research correlates with those
findings in regard to county-level age-adjusted mortality rates rather than excess mortality. Future
research may want to simultaneously explore the contribution of both individual and collective political

ideology on health outcomes, including COVID-19 specific mortality and excess mortality.

It is entirely possible that limiting the mortality counts to those specifically coded for COVID-19 as a
cause of death resulted in substantially undercounting actual deaths. Rural areas are more likely to have
coroners versus medical examiners, which have been found to be associated with more errors made in
cause of death determinations (McGivern et al., 2017). Coroners are also frequently elected positions
and would be open to influence from regional politics as a result. In the state of Colorado, nearly all of
the county coroners are elected (Sherry, n.d.). We cannot rule out the possibility of some
misclassification of the outcomes here, and the possibility that misclassification would be differential.
The directionality of this misclassification would lead us, perhaps, to an even stronger association. There
is also a strong likelihood that the undercounting of deaths was even higher in 2020 than in 2021 due to
the evolving status of COVID-19, partially due to the lack of availability of tests in the earliest months of
the pandemic. There is some debate as to whether it might be a more accurate measure to utilize data
on excess mortality rather than focus solely on deaths specifically coded for COVID-19 to fully capture

the mortality effects of the pandemic (Weinberger et al., 2020, Aron & Muellbauer, 2022).

The demographics percentile score was utilized as a covariate in this analysis for several reasons. It is a
novel environmental justice tool within the state of Colorado, created primarily for use by the public and
advocacy organizations. The utility of this tool may extend to application in epidemiological and other
research, in part because it succinctly summarizes a wide variety of exposures geographically, allowing

for adjustment of multiple variables at once. Here, the use of the broader Health and Social Factors
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metric in sensitivity analyses revealed attenuated, though still statistically significant, effect estimates,
meaning it may be worth exploring those additional factors to further tease out the relationships
between the predictors and COVID-19 mortality. Any residual confounding that might have been
captured in this broader metric did not explain away the findings. Additionally, the hope is that this
project demonstrating the usefulness of this type of constructed data metric will encourage other

jurisdictions to consider implementing a system such as EnviroScreen.

Strengths of this study include state-wide analysis, the utilization of publicly available data sources, an
interdisciplinary approach, and the comparison of statistical methods and sensitivity analyses showing

similar findings which lends robustness to the results.

Additional Limitations

As this was an ecological study by design, these findings cannot be extrapolated to the individual level.
This analysis did not seek to investigate individual level associations, but instead focused on the county
level with intention. County level analysis here was chosen because there was such a high degree of
variation in mitigation measures at the county level within the state of Colorado, and because of the

mechanisms involved in the transmission of a contagious respiratory pathogen.

Additional limitations here could include unmeasured confounding, although every attempt was made to
control for factors that are traditionally considered influential in observational studies. There is an
inability here to adjust for people who live near or work in different counties than they reside in. There is
also the potential of some selection bias due to exclusion of counties with missingness in their data,
though it is not likely to be very influential given that most counties, and the vast majority of the
population of the state (98.4%), were still included in the analysis. Information on the predictor variables
for all counties excluded from the analysis is available in the Supplemental Materials, Table S3.
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Vaccination rates were not included separately as a predictor in the model because of the high degree of
association with mortality from COVID-19, and because the degree of protection varies greatly
depending on the number of doses, when doses were administered, and when someone contracted
COVID-19 relative to those doses, all of which would need to be assessed at the individual level for
accuracy. Significantly, one study found that during the Delta and the start of the Omicron surge,
unvaccinated people were between 13.9 and 53.2 times more likely to die of COVID than fully vaccinated
individuals (Johnson et al., 2022). As it is possible that vaccination status works as a mediator on the
association between politics and COVID-19 mortality, future research may want to study those

relationships in depth.

This research also should motivate those of us in public health and epidemiology to find ways to address
the gaps in the system that allowed these results to emerge. There are things that should be done to
restore and build faith and trust in the public health system. One important step would be to ensure that
there is always a stockpile of PPE if and when it is needed. We should learn from the issues we faced
sourcing needed materials and encourage domestic production of those necessary supplies. Strong
outreach to communities and establishment of ongoing cohesive working relationships both while the
pandemic is still ongoing and when it recedes will be necessary to establish good connections within
governmental agencies, non-profit organizations, and other community groups. We have an obligation
within our field to focus on clear communication with political leaders and the community members
they serve, and it behooves us to be transparent when there are answers we may not have yet in the
face of a novel threat. As knowledge is gained, it should be shared willingly with the public. Likewise, we
should be encouraging strong science instruction and robust critical thinking skills as part of all levels of
our education system. We need to be good stewards of the science and be able to push back on

misinformation with clarifying information as needed. We have a real opportunity here to learn from this
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experience, and to address some of the most critical needs in the wake of the COVID-19 pandemic, so

that when the next one arrives, we are better prepared.

Conclusion

The current research demonstrates that the county-level political environment among Colorado counties
is associated with age-adjusted COVID-19 county-level mortality and finds that this relationship may
have arisen during the pandemic. Given the realities of climate change and of living in a global economy,
this likely will not be our last pandemic. If politics are indeed a risk factor for mortality, then we should
ensure that the community is aware of that truth and take the steps that are necessary to build
community connectedness and trust before the next threat arrives. Research such as this will help to
inform the public about considering potential health factors that we may not have traditionally included

in the past.
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APPENDIX

Table S1: Characteristics of Counties in Colorado, N=64

MEAN STANDARD | MEDIAN | 25™-75™
DEVIATION PERCENTILE

AGE ADJUSTED COVID-19 MORTALITY RATES
PER 100,000*

2020 | 78.34 46.99 69.05 38.75-97.33

2021 | 111.96 76.92 97.70 58.18-147.58
UNINSURED PERCENTAGE * 10.17 3.79 10.00 7.00-13.00
POPULATION DENSITY (PEOPLE PER SQUARE | 171.10 641.01 11.09 3.57-32.74
MILE) *
DEMOGRAPHICS PERCENTILE * 50.78 29.09 50.78 26.17-75.39

+ Only counties with reported data for rate: 2020=48, 2021=56

* All counties in Colorado, including those excluded from the analysis for missingness of data

Table S2: Negative binomial adjusted model results showing the association between political environment,
measured by 2016 & 2020 Presidential election outcome data, and the age-adjusted COVID-19 mortality rates

for 2020 & 2021.

Rate Ratio and 95% Confidence Interval

2016 Election Data/2020 Mortality

1.24 (0.84-1.78)

2016 Election Data/2021 Mortality

1.89 (1.42-2.48)

2020 Election Data/2020 Mortality

1.23 (0.85-1.78)

2020 Election Data/2021 Mortality

1.98 (1.53-2.55)
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Table S3: Supplemental table of variables from all counties excluded from the analysis for missingness
of outcome data. Total population of these counties:

94,227 (1.6% of the state population).

Total 2016 Population Demographics | Percentage of
Population of | Presidential Density Percentile the County
the County Vote (people per Score from Population
Outcome in square mile) EnviroScreen | thatis
the County Uninsured
Archuleta 13,359 R 9.86 54.69 10
Baca 3,506 R 1.37 70.31 13
Clear Creek 9,937 D 23.67 10.94 5
Custer 4,704 R 6.37 67.19 11
Dolores 2,326 R 2.16 18.75
Gilpin 5,808 D 38.72 9.38
Hinsdale 788 R 0.70 23.44 10
Jackson 1,379 R 0.85 26.56 17
Kiowa 1,446 R 0.81 25.00 7
Lake 7,436 D 19.36 85.94 11
Lincoln 5,675 R 2.20 51.56 7
Mineral 865 R 0.99 14.06 13
Ouray 4,874 D 8.99 4.69 12
Pitkin 17,358 D 17.89 20.31 17
Rio Blanco 6,529 D 2.02 39.06 16
San Juan 705 D 1.81 34.38 10
San Miguel 8,072 D 6.25 29.69 12
Mean/other Roughly equal | 8.47 35.06 10.52
relevant here
information
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Age—Adjusted COVID-19 Mortality Rates in Colorado in 2020
Mean 78.34

41°N

40°N - Rate per 100,000
Under 20
21-50
39°N - 51-100
101-150
Over 151
38°N - NA
37°N
109°W  108°W  107°W  106°W  105°W  104°W 103°W  102°W
Figure S1: Mapped Mortality Rates for the year 2020.
Age—Adjusted COVID-19 Mortality Rates in Colorado in 2021
Mean 111.96
41°N
40°N - Rate per 100,000
Under 20
21-50
39°N - 51-100
101-150
Over 151
38°N - NA
37°N
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Figure S2: Mapped Mortality Rates for the year 2021.
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Figure S3: Directed Acyclic Graph (DAG): DAG shown here is a visual representation reflecting
the relationships between all variables included in the model.
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