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Summary

Background The USA struggled in responding to the COVID-19 pandemic, but not all states struggled equally.
Identifying the factors associated with cross-state variation in infection and mortality rates could help to improve
responses to this and future pandemics. We sought to answer five key policy-relevant questions regarding the
following: 1) what roles social, economic, and racial inequities had in interstate variation in COVID-19 outcomes;
2) whether states with greater health-care and public health capacity had better outcomes; 3) how politics influenced
the results; 4) whether states that imposed more policy mandates and sustained them longer had better outcomes;
and 5) whether there were trade-offs between a state having fewer cumulative SARS-CoV-2 infections and total
COVID-19 deaths and its economic and educational outcomes.

Methods Data disaggregated by US state were extracted from public databases, including COVID-19 infection and
mortality estimates from the Institute for Health Metrics and Evaluation’s (IHME) COVID-19 database; Bureau of
Economic Analysis data on state gross domestic product (GDP); Federal Reserve economic data on employment rates;
National Center for Education Statistics data on student standardised test scores; and US Census Bureau data on race
and ethnicity by state. We standardised infection rates for population density and death rates for age and the prevalence
of major comorbidities to facilitate comparison of states’ successes in mitigating the effects of COVID-19. We regressed
these health outcomes on prepandemic state characteristics (such as educational attainment and health spending per
capita), policies adopted by states during the pandemic (such as mask mandates and business closures), and population-
level behavioural responses (such as vaccine coverage and mobility). We explored potential mechanisms connecting
state-level factors to individual-level behaviours using linear regression. We quantified reductions in state GDP,
employment, and student test scores during the pandemic to identify policy and behavioural responses associated with
these outcomes and to assess trade-offs between these outcomes and COVID-19 outcomes. Significance was defined
as p<0-05.

Findings Standardised cumulative COVID-19 death rates for the period from Jan 1, 2020, to July 31, 2022 varied
across the USA (national rate 372 deaths per 100000 population [95% uncertainty interval [UI] 364-379]), with the
lowest standardised rates in Hawaii (147 deaths per 100000 [127-196]) and New Hampshire (215 per 100000
[183-271]) and the highest in Arizona (581 per 100 000 [509-672]) and Washington, DC (526 per 100000 [425-631]). A
lower poverty rate, higher mean number of years of education, and a greater proportion of people expressing
interpersonal trust were statistically associated with lower infection and death rates, and states where larger
percentages of the population identify as Black (non-Hispanic) or Hispanic were associated with higher cumulative
death rates. Access to quality health care (measured by the IHME’s Healthcare Access and Quality Index) was
associated with fewer total COVID-19 deaths and SARS-CoV-2 infections, but higher public health spending and
more public health personnel per capita were not, at the state level. The political affiliation of the state governor was
not associated with lower SARS-CoV-2 infection or COVID-19 death rates, but worse COVID-19 outcomes were
associated with the proportion of a state’s voters who voted for the 2020 Republican presidential candidate. State
governments’ uses of protective mandates were associated with lower infection rates, as were mask use, lower
mobility, and higher vaccination rate, while vaccination rates were associated with lower death rates. State GDP and
student reading test scores were not associated with state COVD-19 policy responses, infection rates, or death rates.
Employment, however, had a statistically significant relationship with restaurant closures and greater infections and
deaths: on average, 1574 (95% UI 884-7107) additional infections per 10000 population were associated in states
with a one percentage point increase in employment rate. Several policy mandates and protective behaviours were
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associated with lower fourth-grade mathematics test scores, but our study results did not find a link to state-level

estimates of school closures.

Interpretation COVID-19 magnified the polarisation and persistent social, economic, and racial inequities that already
existed across US society, but the next pandemic threat need not do the same. US states that mitigated those structural
inequalities, deployed science-based interventions such as vaccination and targeted vaccine mandates, and promoted
their adoption across society were able to match the best-performing nations in minimising COVID-19 death rates.
These findings could contribute to the design and targeting of clinical and policy interventions to facilitate better

health outcomes in future crises.

Funding Bill & Melinda Gates Foundation, J Stanton, T Gillespie, ] and E Nordstrom, and Bloomberg Philanthropies.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

In the words of one commentator, COVID-19 “defeated
America”; it “humbled and humiliated the planet’s most
powerful nation”.! The country’s struggles have persisted
throughout the pandemic and were not limited to a
single time period or political leader. The USA has
reported some of the highest COVID-19 death rates and
confirmed SARS-CoV-2 infection rates in each year of the
pandemic. Although the USA played a leading role in
developing effective vaccines against COVID-19 and had
an ample and early supply of doses, it nevertheless ranks
66th among countries and territories globally in terms of
the proportion of residents who have completed their
initial vaccine sequence.’ The USA has performed poorly,
despite having (by most measures) the largest economy,
spending the most on health care’ and, before the
emergence of SARS-CoV-2, having been rated the best
prepared for a pandemic out of 195 nations considered.**
Yet, while the USA has struggled against COVID-19, not
all states struggled equally. Vermont (111 reported deaths
per 100000 people), Utah (157 reported deaths per
100000), and Washington (193 reported deaths per
100000) have reported COVID-19 death rates similar to
those in Denmark (115 reported deaths per 100000),
Switzerland (155 reported deaths per 100000), and
Germany (170 reported deaths per 100000) as of
July 31, 2022. By contrast, the reported death rates in
Mississippi (551 deaths per 100000 people), Arizona
(539 deaths per 100000), and West Virginia (575 deaths
per 100000) are roughly three times higher and similar to
the three nations with the highest death rates in the
world during the same period—Russia (537 deaths per
100000), Bulgaria (539 deaths per 100000), and Peru
(631 deaths per 100000).

Several studies have sought to answer discrete policy
questions concerning the differences in performance
between individual US states during COVID-19, but the
driving factors behind cross-state variation in SARS-
CoV-2 infections and COVID-19 mortality remain poorly
understood. For example, research suggests that state
policy mandates on physical distancing,** mask use,”* and
vaccination have promoted positive health outcomes,*"

whereas income inequality, race, and poverty are linked to
higher rates of SARS-CoV-2 infections and COVID-19
deaths,"* with partisan politics influencing mandate
implementation and adherence at the state level.**
However, these studies have been limited in several
important ways. First, many did not adjust for factors
outside of policy makers’ immediate control (eg, age or
population density) that increase the risk of death after
infection. Second, they often assessed only a subset of
states or a short period. Third, they have used less reliable
measures of infections and deaths that do not account for
incomplete reporting. Furthermore, few studies have
assessed the debate over whether better COVID-19
outcomes offset the economic, educational, and
employment losses that are possibly associated with non-
pharmaceutical interventions. A working paper considers
the economic and educational trade-offs for improved
COVID-19 health outcomes but aggregates measures in a
way that prevents policy-relevant focused analysis, does
not consider infections, and does not examine the drivers
of interstate differences in outcomes.”

Identifying the factors associated with US cross-state
variation in infection and mortality rates could help to
answer fundamental policy questions that have emerged
over the course of this pandemic and offer clues on how
to better respond to this and future pandemic threats.
Our results are broadly relevant, as there are other
countries besides the USA that are democracies that are
increasingly polarised,”” exhibit income and racial
inequalities, have federal political systems,”* and have
historically low levels of public trust* Notably, US
politicians were not the only ones to argue that the “cure
can’t be worse than the disease”” when opposing public
health policies perceived to override individual rights and
economic needs.”

We sought to complete an exploratory analysis of
factors potentially associated with COVID-19 prevention
and treatment across 50 US states and Washington, DC,
between Jan 1, 2020, and July 31, 2022. We used that
analysis to answer five key policy questions: 1) what role
did social, racial, and economic inequities have in
interstate variation in COVID-19 outcomes; 2) did states
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Research in context

Evidence before this study

The USA has captured researchers’ attention for its suboptimal
response to the COVID-19 pandemic. Despite having ranked the
highest in pandemic preparedness out of 195 countries in the
Global Health Security Index and scoring very well in WHO's
Joint External Evaluation, the USA maintains the highest
number of recorded COVID-19 deaths and has one of the
highest per capita fatality rates from COVID-19 globally.
However, the pandemic did not affect all US states equally.
Between June 1, 2022 and Feb 14, 2023, we searched for
published articles in Web of Science, Scopus, and PubMed using
the terms “state,” “county,” “COVID-19,” and “United States".
We identified several studies that have sought to answer policy
questions to help explain differences in individual states’
performance during the COVID-19 pandemic, but a broad
assessment of these questions and the mechanisms behind
cross-state variation in SARS-CoV-2 infections and COVID-19
mortality has yet to be done. Some studies have highlighted the
role of partisanship in the adoption of responsive policies such
as physical distancing, mask use, and vaccine mandates, while
others have examined links between racial, social, and economic
inequities and state differences in COVID-19 outcomes. Many of
these studies assess only a subset of US states or brief periods,
do not adjust for factors outside of policy makers’ immediate
control (eg, age or population density), and fall short of
explaining whether better COVID-19-related outcomes offset
the economic, educational, and employment losses associated
with these mandates.

Added value of this study

We analysed government policy responses and population
behaviours in each US state to assess their associations with
cumulative SARS-CoV-2 infections, total COVID-19 deaths, and
economic and educational performance measures. We controlled
for factors with known direct and biological connection to
SARS-CoV-2 infection and COVID-19 death rates: age patterns,
population density, and comorbidities such as obesity and
diabetes. This study adds to the existing literature by conducting
these analyses on all 50 US states and Washington, DC, and over
a long study period—Jan 1, 2020, to July 31, 2022—to answer
fundamental policy questions about US interstate variation in
COVID-19 outcomes. The cross-state differences in COVID-19
infection and mortality rates suggest that the USA had the
capacity to perform better than observed. There were a number
of key policy-relevant findings. First, a subset of social and
economic inequities were statistically associated with more
SARS-CoV-2 infections and worse COVID-19 mortality rates,

with greater health-care and public health capacity
perform better; 3) how did politics influence the results;
4) did the states that imposed more policy mandates and
sustained them longer do better; and 5) were there trade-
offs between a state having fewer cumulative SARS-
CoV-2 infections and total COVID-19 deaths and its
economic and educational outcomes?

most notably poverty, lower educational attainment, higher
rates of key comorbidities, limited access to quality health-care
services, and lower interpersonal trust. This cluster of traits exists
in states with large racial disparities and where most voters
voted for the 2020 Republican presidential candidate. Second,
access to quality health care was associated, on average, with
fewer total COVID-19 deaths and SARS-CoV-2 infections, but
higher public health spending and more public health personnel
per capita were not associated with infection or death rates, at
least not at the state level. Third, there was no association
between the political affiliation of the state governor and lower
SARS-CoV-2 infections or COVID-19 deaths, but there was an
association between worse COVID-19 outcomes and the fraction
of a state’s voters who voted for the 2020 Republican
presidential candidate. Fourth, our results suggest that vaccine
coverage is linked to fewer COVID-19 deaths, and protective
mandates and behaviours were associated with fewer infections.
Fifth, we found no evidence of a choice between a state having a
relatively strong economy or better COVID-19 health outcomes,
but there were trade-offs with better employment rates.
Moreover, several policy mandates were associated with lower
fourth-grade mathematics test scores.

Implications of all the available evidence

Our analysis yields important insights for policy makers seeking
to construct a more resilient and realistic response to future
pandemic threats. COVID-19 magnified the polarisation and
persistent social, economic, and racial inequities that already
existed across US society, but the next pandemic threat need not
do the same. Recognising the local contexts in which
SARS-CoV-2 infections and COVID-19 deaths in the USA have
disproportionately clustered in this pandemic enables policy
makers to design and target clinical and policy interventions
towards facilitating better health outcomes in future crises.
Improving US pandemic preparedness and response should start
with investing in those disproportionately affected communities
and their local organisations, such as local clinics or faith-based
institutions, to engage in ongoing public health promotion and
data collection, solicit feedback, and communicate with
constituents about vaccines and other public health
interventions. The potential trade-offs in this pandemic warrant
closer, transparent investigation so as to better target such
protective measures in future health crises and to develop US job
retention schemes and educational policies that can mitigate
against unwelcome societal consequences. With those
investments and others, more US states will be able to match the
best-performing nations globally when the next pandemic arises.

Methods

Overview

To accomplish our dual objectives—to explore factors
potentially associated with COVID-19 prevention and
treatment, and to answer five key policy questions—we
investigated basic correlates in relation to both
SARS-CoV-2 infections and total COVID-19 deaths.

www.thelancet.com Published online March 23,2023 https://doi.org/10.1016/50140-6736(23)00461-0



Articles

See Online for appendix

For the code used in these
analyses see https://github.com/
ihmeuw

Using regression analyses, we controlled for factors that
have a known direct and biological connection to
SARS-CoV-2 infection and COVID-19 death rates. These
factors are generally outside the realm of policy makers
in a crisis (eg, age profile, population density, and
presence of comorbidities). We explored associations
with a broad set of contextual factors that were set before
the COVID-19 pandemic, policy responses that policy
makers can regulate, and behavioural responses (ie,
mask use, mobility, and age-standardised vaccination
rate).

All analyses were done with R (version 4.0.3). This
study complies with the GATHER recommendations
(appendix pp 4-5).” Code used to produce these analyses
is available on GitHub.

Extraction and standardisation of death and infection
rates

Death and infection rates were standardised for direct,
biological factors that influenced COVID-19 outcomes.
For death rates, we standardised for age and presence of
comorbidities, and infection rates were standardised for
population density.**" Other factors, such as poverty,
income inequality, and race and ethnicity, were not
included in the standardisation procedure because there
is no direct biological link to COVID-19 outcomes.
However, we assessed the association between COVID-19
outcomes, race and ethnicity, poverty, and other key
predetermined factors using regression analysis. We also
considered indirect effects of race and ethnicity when
assessing factors such as access to quality care, key
comorbidities, percentage of people without health
insurance, educational attainment, and income
inequality.”

We extracted estimates of daily COVID-19 deaths for all
US states from the Institute for Health Metrics and
Evaluation’s (IHME) COVID-19 modelling database.”
Before extraction, these estimates were adjusted for
under-reporting, such that they represent total COVID-19
mortality rather than reported death counts.** For each
state, we calculated the cumulative death rate from
Jan 1, 2020, to July 31, 2022. We used indirect age
standardisation to adjust each state’s cumulative death
rate to reflect the national age pattern (state-specific age-
specific death and infection rates were not available). The
age-specific death proportions were based on age-specific
mortality data as published by the National Center for
Health Statistics.™ Next, we regressed the logged age-
standardised cumulative death rate on the first
component of a principal component analysis (PCA) of
seven health conditions and risk behaviours that increase
the risk of COVID-19 mortality, which included the
prevalence of asthma, cancer, chronic obstructive
pulmonary disease, cardiovascular disease, and diabetes,
along with BMI and smoking prevalence (all of which
were age standardised). The first component of the PCA
was used, rather than the seven individual prevalence

rates, because prevalence rates of these seven variables
are highly correlated and our sample size is relatively
small, such that using multiple comorbidity prevalence
rates could lead to spurious results. This first component
of the PCA can be considered a single measure of the
underlying presence of comorbidities in each state. We
calculated standardised cumulative mortality rates for
each state using the fitted model and national health
status. These standardised mortality estimates account
for state characteristics that directly affect death and are
not immediately policy-amenable, thus facilitating
comparison across states.

We extracted estimates of daily SARS-CoV-2 infections
for all US states from the IHME COVID-19 modelling
database.” For each state, we calculated the cumulative
infection rate from Jan 1, 2020, to Dec 15, 2021,
deliberately excluding the period when infections from
the omicron variant led to fundamentally different
infection rates. We regressed the logged cumulative
infection rate on population density and used the fitted
model and national rates to calculate standardised
infection rates for each state.

Assessing factors associated with COVID-19 infections
and deaths

A full list of covariate data sources and definitions,
including how each variable was measured and specified
in our models, can be found in the appendix (pp 6-16).
We explored factors that we hypothesised would explain
some of the remaining interstate variation in mortality
and infection, while controlling for the same features
used for standardisation. These factors, which are
amenable to public policy, might affect COVID-19
outcomes indirectly but are not believed to have a direct
effect on outcomes; specifically, they were pre-COVID-19
state characteristics (such as social and economic factors,
public health and health-system capacity, and political
leanings) and COVID-19 responses (including policy
mandates). We also assessed the association between
COVID-19 outcomes and behaviours, such as mask use,
vaccination, and physical distancing (which was proxied
using metrics of how much a population was moving
around relative to before COVID-19).

The social and economic factors explored included
poverty rate (proportion of people living below the
poverty line in 2019), level of income inequality (Gini
coefficient in 2019), mean years of education, race and
ethnicity, access to paid sick leave or family leave
(existence of state-funded support), and the proportions
of people expressing interpersonal trust, trust in
the federal government, and trust in the scientific
community in the Cooperative Congressional Election
Study. To assess the role of race and ethnicity, we used
US census data indicating the proportion of people in
each state who identified as Black (non-Hispanic),
Asian and Pacific Islander (non-Hispanic), American
Indian and Alaska Native (non-Hispanic), White
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(non-Hispanic), or Hispanic. To capture health-system
capacity, we used IHME’s Healthcare Access and Quality
(HAQ) Index; numbers of physicians per capita, health-
care workers per capita, and public health employees per
capita; public health spending per capita; health
spending per capita; and percentage of the population
without health insurance. We used two proxies for
partisanship at the state level: the political affiliation of
the governor and the proportions of the population that
voted for the 2020 Republic presidential candidate or the
2020 Democratic presidential candidate. These social,
economic, health-system capacity, and political
indicators were normalised to the standard normal
distribution to facilitate comparison of variables with
different units of measurement (except those that were
binary).

The policy mandates considered were closures of bars,
restaurants, gyms, and schools, mask and vaccine
mandates, and stay-at-home orders and gathering
restrictions. These data (except vaccine mandates) were
extracted from the IHME COVID-19 database.” For each
variable, we calculated the percentage of days during
which the mandate was in place. Because the number of
days that vaccine mandates were in place was unknown,
states were assigned a value of 1if they had a mandate in
place as of Feb 10, 2022, a value of 0-5 if the state had
previously enforced a mandate but had lifted this
requirement before Feb 10, 2022, and a value of 0 if they
never had such a mandate. We generated a summary
variable indicating a state’s overall use of policy mandates,
which we called mandate propensity. This summary
measure is the first component of the PCA including all
the policy mandate variables.

Daily data on population behaviours were also extracted
from IHME’s COVID-19 database.” We examined three
behaviours: mask use, mobility, and vaccination. Mask
use data originated from the Premise survey” and were
expressed as the daily proportion of adults who always
wear a mask when leaving home. Mobility data originated
from four sources of mobile phone GPS data and were
expressed as a composite metric measuring daily
population-level mobility relative to a prepandemic
baseline. Vaccine coverage was expressed daily as the
proportion of the population that was fully vaccinated.
For each variable, we took the mean across days included
in the study period.

To assess how each of these factors was associated with
cumulative death and infection rates, we regressed each
outcome on the controls used for standardisation and
each social and economic factor, political variables,
health-system capacity, policy mandate, and behavioural
variables, separately. The variables of interest were not
included collectively because, in some cases, they were
quite correlated, and for this exploratory analysis,
identifying factors associated with each outcome was the
objective. Sensitivity analyses that evaluate the association
of COVID-19 outcomes and policy mandates and

behaviours controlling for the pre-COVID-19 factors that
were shown to have statistically significant relationships
with COVID-19 outcomes are included in the appendix
(pp 59-60). When assessing factors that were not time-
varying, such as poverty rate or partisanship, we used a
commonly used log-transformation of the dependent
variables. Sensitivity analyses using a negative-binomial
generalised linear model are included in the appendix
(p 56). When assessing factors that were time-varying,
such as the policy and behavioural responses, the
dependent variable was the mean of the log-transformed
daily rates, a specification that can be shown to mitigate
bias that occurs when using cumulative measures,
despite the fact that the hypothesised mechanism
connecting the dependent and independent variables is
immediate. When assessing how COVID-19 outcomes
were associated with policy mandates and vaccination
coverage, we used shorter periods that focused on when
policies or vaccination were used broadly. For policy
regressions, we used the period from April 1, 2020, to
June 1, 2021, which was the primary period for non-
pharmaceutical interventions such as closures and
gathering restrictions. For analyses related to vaccination,
we started the analysis period on March 15, 2021, because
vaccines were not accessible to most people before then.
For the rest of the analyses, we used the period from
Jan 1, 2020 to July 31, 2022 for deaths (which included the
entire period for which we had data), and Jan 1, 2020, to
Dec 15, 2021, for infections. The shorter period for
infections was chosen to avoid the effect of the omicron
variant. The omicron variant led to daily infection rates
that were 9-7 times higher than any other point in the
pandemic,” and, therefore, is uncharacteristic of the
broader pandemic. The variables measuring policy
mandate use were correlated with each other. In an
attempt to identify which mandates were independently
associated with COVID-19 outcomes, we included the
mandate intensity variable as a control in all of the
regressions exploring the association of the individual
mandates. This specification reports the association
between a broad use of the policies (ie, the mandate
propensity variable) and the potentially additive effect of
the specific policies of interest.

Assessing factors associated with state gross domestic
product, employment, and student test scores

We calculated reductions in state gross domestic product
(GDP), employment, and student test scores during the
pandemic to assess the relationship between these
outcomes and policies and behaviours, and to assess
trade-offs between health, economic, and educational
outcomes. Using monthly data, we estimated GDP and
employment relative to the expected non-pandemic value
of each. Expected non-pandemic GDP was forecasted up
to July 1, 2020, using linear regression based on the
2 years before 2020. For paid employment, the expected
value was set to be the average employment per capita
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For the National Assessment of
Educational Progress see
https://nces.ed.gov/
nationsreportcard/

from October, 2019, to December, 2019. We made
adjustments so that each variable had a standardised
composition of economic sectors, such as tourism and
agriculture, to ensure fair cross-state comparisons,
because some sectors of the economy were more likely to
be affected by the pandemic. Test scores were extracted
from the National Assessment of Educational Progress,
and we calculated the changes in average scores for the
mathematics and reading tests that the US Education
Department administers to children in school grades four
and eight (children aged approximately 9 and 13 years,
respectively) for each state between 2019 and 2022.

We regressed relative GDP, employment, and changes
in student test scores on the same COVID-19 policy
mandate and behaviour response variables described

above. Like death and infection rates, these regressions
specified the dependent variable as the log-
transformation if the independent variable was non-
time-varying, and as the mean of the log-transformed
monthly values if the independent variable was time-
varying. Each regression controlled for state
demographics (percentage of the population younger
than 20 years, percentage of the population older than 65
years, and average years of education) and the duration
and benefit length of each state’s unemployment
insurance. Using the same regression method, we also
assessed the association between these economic,
employment, and educational outcomes with infection
and death rates. Throughout the study, p<0-05 was
considered to indicate statistical significance.
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T T T
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Figure 1: Cumulative COVID-19 infection and death rates by US state

Daily infection (Jan 1, 2020, to Dec 15, 2021) and death rates (Jan 1, 2020, to July 31, 2022) that were further adjusted for under-reporting were extracted from the
Institute for Health Metrics and Evaluation’s COVID-19 database. Standardised cumulative infection rates were adjusted to approximate what the cumulative
infection rate would have been if every state had the population density of the USA. Standardised cumulative death rates were adjusted to approximate what the
cumulative death rate would have been if every state had the age profile and comorbidity prevalence of the USA. Age standardisation was done using indirect age

standardisation. All other standardisation was done with linear regression.
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Uncertainty and sensitivity analyses

We incorporated two sources of uncertainty in our
analyses. First, data uncertainty surrounding estimation
of infections and deaths was included by conducting each
analysis independently 100 times using a set of 100 draws
of each outcome measure. These draws were generated by
the IHME to capture uncertainty in estimates of COVID-19
outcomes. Second, we incorporated parameter uncertainty
for each regression by taking 100 independent draws from
the estimated variance—covariance matrix. Because each
of the 100 draws from the infections and deaths databases
incorporated 100 draws from the variance—covariance
matrix, our resulting analysis generated 10000 draws per
estimate. We reported the 95% uncertainty interval (UI)
spanning the 2-5th and 97-5th percentile of these
10000 estimates. We also completed a broad set of
sensitivity analyses considering alternative model specifi-
cations and estimation methods, using a negative-
binomial model, and including alternative controls, which
are reported in the appendix (pp 54-63).

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or the
writing of the report.

Results

Between Jan 1, 2020, and July 31, 2022, the cumulative
COVID-19 death rate in the USA, accounting for under-
reporting and lags in reporting, was 372 deaths per 100000
population (95% UI 364-379). There was substan-
tial variation in the cumulative death rate between
the states. West Virginia's cumulative death rate
(575 per 100000 [474-697]), which was the highest across
all states, was nearly five times that of Hawaii
(119 per 100000 [108-156]) and more than double that of
New Hampshire (218 per 100000 [195-274]), which were
the two lowest rates (figure 1). If all states had the
cumulative death rate of New Hampshire, it is estimated
that there would have been 504144 (332895-590902)
fewer COVID-19 deaths in the USA. Without these
additional deaths, the USA would have had a lower
cumulative COVID-19 death rate than 12 high-income

Figure 2: Cumulative death rate standardisation, Jan 1, 2020, to July 31, 2022
Cumulative death rates were adjusted for age profile and prevalence of key
comorbidities. The resulting standardised cumulative rates reflect the
cumulative death rate if each state had the national age profile and prevalence
of comorbidities. Ranks are shown in parentheses. Comorbidities were proxied
using the first component of a principal component analysis of asthma, cancer,
chronic obstructive pulmonary disease, cardiovascular disease, diabetes, BMI,
and smoking prevalence. The values expressed in the age and comorbidity
profile columns represent the size of the adjustment (in deaths per 100 000) had
a state exhibited the national pattern; positive values indicate that a state is
younger or healthier than the nation as a whole, such that standardising the
cumulative death rate to the national mean is associated with an increase in the
cumulative death rate. The estimates were standardised for age by indirect age-
standardisation, while comorbidities were adjusted with use of linear regression.

State

Hawaii

New Hampshire
Maine
Vermont
Maryland
Washington
Connecticut
Ohio
Pennsylvania
Nebraska
Delaware
Florida
Rhode Island
West Virginia
New York
Michigan
North Dakota
Oregon
Indiana
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Wisconsin
Missouri
lllinois
Minnesota
lowa

North Carolina
South Dakota
Massachusetts
New Jersey
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Louisiana
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344 (26)
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nations, instead of having the highest rate among all high-
income nations (based on IHME COVID-19 projections).
Crucially, these estimates do not standardise for risks
that are known to increase the death rate. Utah, for
example, has a healthy population relative to the rest of
the USA, with low prevalence of key comorbidities that
lead to an increase in the cumulative death rate when it is
standardised for comorbidities (figure 2). When the
cumulative death rate for Utah was adjusted for age and
comorbidities, its standardised cumulative death rate
(467 per 100000 [95% UI 385-551)) was 112-8%
(95-2-132-1) higher than the unadjusted rate (219 per
100000 [186-260]). Similarly, West Virginia, which has a
relatively young population but high prevalence of key
comorbidities, has a standardised cumulative death rate
(322 per 100000 [260—403]) that is 44-0% (38-9-48-7)
lower than the unadjusted rate (575 per 100 000 [474-697]).
Despite this standardisation, the highest standardised
cumulative death rate (in Arizona) was still 399-6%
(279-6-477-6) higher than the lowest standardised
cumulative death rate (in Hawaii). The states with the
lowest standardised cumulative death rates were Hawaii
(147 per 100000 [127-196]), New Hampshire (215 per
100000 [183-271)), Maine (218 per 100000 [147-310]),
Vermont (249 per 100000 [163-337]), and Maryland
(285 per 100000 [243-330]). The states and territories
with the highest standardised cumulative death rates
were Arizona (581 per 100000 [509-672]), Washington,
DC (526 per 100000 [425-631]), New Mexico
(521 per 100000 [439-609]), Mississippi (488 per 100000
[412-586]), and Colorado (473 per 100000 [402-569]).

Figure 3: Factors associated with age-adjusted cumulative death rates (A)
and infection rates (B)

Graphs show the relative change in cumulative age-adjusted deaths or infections
per capita that were associated with race and ethnicity (proportions of state
population), pre-COVID-19 state characteristics, COVID-19 policy responses, and
COVID-19 behavioural responses (values of each are provided in the appendix

pp 67-71). For continuous pre-COVID-19 state characteristics, the reported
relative change is that associated with a standard deviation increase from the
national mean and age-standardised cumulative death rates. For continuous
COVID-19 policy measures, the relative change is that associated with a state
never having implemented a mandate versus implementing for the entire study
period (see appendix pp 67-71 for further detail on all factors). All mortality
models included that control and one of the variable of interest factors, meaning
that each variable of interest was assessed separately. All infection models
include population density as a control and one factor of interest. The
comorbidity variable that was used as a control in the cumulative death rate
models was constructed as the first principal component of asthma, cancer,
chronic obstructive pulmonary disease, cardiovascular disease, diabetes, BMI,
and smoking prevalence. The models assessing COVID-19 policy responses (other
than mandate propensity) also include an additional control variable that was the
first component of all the other policy responses. These estimated associations
are not reported. The reported associations for the policy response should be
interpreted as additional to the association tied to the mandate propensity
variable. The analysis period is tailored to each independent variable (full details
are provided in the appendix pp 67-71). Error bars are 95% Cls that account for
uncertainty in death or infection data as well as modelling uncertainty. Statistical
significance at the 95% level is indicated by green bars (significant increase) or
red bars (significant decrease). HAQ=Healthcare Access and Quality.

Pre-COVID-19 factors: social and economic factors, race,
health-care and public health capacity, and politics
After controlling for age and comorbidities, cumulative
death rates were associated with several pre-COVID-19
social, economic, and race-related or ethnicity-related
state characteristics (figure 3A). The states where larger
proportions of the population identify as Black (non-
Hispanic) or Hispanic had, on average, higher cumulative
death rates. An increase of one SD (2:6%) from the
mean US poverty rate (12-3%) was associated with a
23-3% (95% UI 14-8-32-5) increase in the cumulative
death rate. The same analysis for income inequality
found an increase of one SD (0-02) from the mean (0-5)
to be associated with an 11-6% (2-7-21- 3) increase in the
cumulative death rate. An increase from the national
mean number of years of education (12-7 years) of one
SD (0-3) was associated with a 14 3% (7-1-20-9) decrease
in the cumulative death rate. A one SD (0.1) increase
from the mean level of interpersonal trust (0-4) was
associated with a decrease of 12-9% (4-6-20-4) in the
cumulative death rate.

In terms of health-system capacity, an increase of one
SD (3-3 points) from the mean of the HAQ Index
(86-9 points) was associated with an 18-6% (12-4-24-6)
reduction in the cumulative death rate. Increases in the
proportion of people without health insurance were also
associated with an increase in the cumulative death rate
(16-7% [8-5-25-8] for a one SD [0-03] increase over the
mean [0-08]). We did not observe statistical associations
between the cumulative death rate and state variation in
public health spending per capita and number of public
health employees per capita. A larger proportion of the
population who voted for the 2020 Republican
presidential candidate was significantly associated with a
higher cumulative death rate, but we found no statistical
association between the party affiliation of a state
governor and cumulative death rates from COVID-19
(figure 3A).

Many of the same state characteristics that were
associated with interstate differences in standardised
cumulative death rates were also associated with
reductions in the standardised cumulative infection rate
(figure 3B). Lower poverty rate and higher HAQ Index,
proportion of people expressing interpersonal trust, and
mean years of education were all associated with fewer
cumulative infections. The only factor that was associated
with cumulative death rates but not interstate differences
in cumulative infection rates was income inequality.
Conversely, the existence of state-funded paid family and
sick leave and the proportion of people expressing trust
in the scientific community were associated with lower
cumulative infection rates but not with lower cumulative
death rates.

COVID-19 response: policy mandates and behaviours
Mandate propensity (a summary measure that captures a
state’s use of physical distancing and mask mandates)
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was associated with a statistically significant and
meaningfully large reduction in the cumulative infection
rate (figure 3B), but not the cumulative death rate
(figure 3A). According to this mandate propensity
measure (appendix p 47), Oklahoma was the state with
the lowest use of such policies. If Oklahoma had the
policy response of California, which was estimated to
have the largest policy response to COVID-19, we
estimate it would have had 32% (95% UI 2-63) fewer
infections. In addition to the effect of mandate propensity,
vaccine mandates for state employees stood out as having
associations with cumulative infection rates and
cumulative death rates that were statistically significant.

All three behavioural responses to COVID-19 were
statistically associated with lower cumulative infection
rates (figure 3B), whereas only vaccine coverage was
statistically associated with lower cumulative death rates
(figure 3A). If our estimated associations are causal, an
effect of this size would suggest that increasing mask use
in the state with the lowest level (Wyoming) to the level
of the state with the highest level (Hawaii) would result
in a 38% (95% UI 8-69) reduction in the cumulative
infection rate in the state. If the largest reduction in

mobility (California) occurred in the state with the
smallest observed reduction in mobility (South Dakota),
we estimate that it would bring about a 37% (0-69)
reduction in the cumulative infection rate. Additionally,
the state with the least number of vaccinated person-days
(Alabama) adopting the vaccination uptake of the state
with the most vaccinated person-days (Vermont) would
lead to a 30% (3-55) decrease in cumulative infections
and a 35% (1-61) decrease in cumulative deaths.
Pre-COVID-19 state characteristics were associated
with higher vaccination rates. States with a high poverty
rate, low HAQ Index score, and other structural barriers
to vaccination have disproportionately large Black (non-
Hispanic) and American Indian and Alaska Native
populations, while states with higher mean years in
education, higher HAQ Index score, and a higher
proportion of people expressing interpersonal trust have
disproportionally larger Asian and Pacific Islander (non-
Hispanic) populations (figure 4). Lower poverty rate,
higher HAQ Index, more interpersonal trust, and greater
mean years of education were all statistically associated
with higher vaccination rates (figure 5). Major health-
system characteristics—more health spending per capita,
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Figure 4: Associations of race or ethnicity with factors shown to be statistically associated with cumulative death rates
Graphs show how the proportion of each state identifying as each racial or ethnic category is associated with poverty rate (A), income inequality (B), mean years of
education (C), HAQ Index score (D), proportion of people expressing interpersonal trust (E) in 2019, and vaccine coverage (vaccinated person-days per total person-

days) from March 15,2021, to July 31, 2022 (F). HAQ=Healthcare Access and Quality.
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more physicians per capita, and fewer uninsured
individuals—were statistically associated with higher
vaccination rates in states that voted for the Democratic
Party’s presidential candidate in 2020, but these health-
system characteristics were not associated with higher
vaccination rates in states where the majority of voters

voted for the Republican Party’s presidential candidate
(figure 5). Mandates were mainly used at two periods
throughout the pandemic, although there was substantial
variation across states. In general, states that voted for
the Democratic presidential candidate in 2020 used more
policy mandates for longer (figure 6).
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Figure 5: Associations between key pre-COVID-19 state characteristics and vaccine coverage, March 15, 2021, to July 31, 2022

Association of cumulative vaccine coverage (measured as the proportion of person-days a population was fully vaccinated between March 15, 2021, and

July 31, 2022) with pre-COVID-19 state and health-system characteristics that were significantly associated with cumulative age-adjusted death rates and cumulative
infection rates. For panels A-D, the fitted simple linear regression is shown and p values reflect the statistical significance of the relationship between the pre-
COVID-19 factor and vaccine coverage. Initials identify each US state, and the size of a bubble reflects the standardised cumulative death rate for the same period.

For panels E-G, states shown in blue voted for the Democratic Party’s presidential candidate in 2020, while states shown in red voted for the Republican Party’s
presidential candidate in 2020; linear relationships between key health system variables and vaccine coverage (and corresponding p values) are shown separately for
states that voted for the Democratic (blue) or Republican (red) presidential candidates in 2020. HAQ=Healthcare Access and Quality.
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Economic and educational trade-offs

As with cumulative infection and death rates, there was a
great deal of variation across the USA regarding relative
decline in state GDP, state employment rate, and
mathematics and reading test scores (appendix p 44).
Despite this variation, our analysis found no policy
mandates or behavioural responses to be systematically
associated with reductions in state GDP (figure 7A), and
there were no statistically significant correlations between
infections or deaths and GDP (figure 8A). Mandated
restaurant closures and increased mask use were
associated with larger reductions in employment rates
(figure 7B). Correspondingly, rates of infections and
deaths were significantly correlated with higher
employment rate (figure 8B); an increase of 143 deaths
(95% UI 80-623) per 100000 was associated with a one
percentage point smaller reduction in employment rates.
Increased vaccine coverage and vaccine mandates for state
employees were associated with reductions in both fourth-
grade mathematics and reading test scores (figure 7C, D).
Increased mask use, more mobility relative to other states,
mask mandates, vaccine mandates for school employees,
and mandate propensity were also associated with

0754 |1

0-50

Mean mandate intensity

0-25+

Figure 6: Timing and intensity of mandate adoption in Republican-leaning
and Democratic-leaning states, Jan 1, 2020, to July 31, 2022

State-specific measures of mandate intensity over time. The mandate intensity
variable combines information across 23 mandates covering seven categories:
education closures, travel restrictions, gathering restrictions, stay-at-home
orders, business closures, mask mandates, and curfews. Daily mandate variables
are binary such that a value of 1 indicates the mandate was in effect for a
particular location-day and a 0 indicates the mandate was not in effect on that
location-day. To summarise overall mandate intensity, we took the mean by
location-day within each of the seven mandate groups and then took the mean
of those seven means to generate a single value for each location-day. Mandate
intensity is presented as continuous values that vary from 0 to 1, where a

1 means all mandates were in effect on a given location-day and a 0 means no
mandates were in effect on that location-day. Blue lines represent states that
voted for the Democratic Party’s presidential candidate in 2020, with the dark
blue line representing the mean of those states. Red lines represent states that
voted for the Republican Party’s presidential candidate in 2020, with the dark
red line representing the mean of those states.

reductions in fourth-grade mathematics scores (figure 7C).
For mathematics and reading, there were no associations
between more deaths and higher test scores, but there was
a weak association (p=0-100 and p=0-124, respectively)
between more infections and higher fourth-grade
mathematics and reading test scores (figure 8C, D).

The absolute and relative performances of US states
across key categories are summarised in the appendix
(pp 40-42), highlighting the standardised infection and
death rates, relative reductions in cumulative GDP
and employment rates, and changes in fourth-grade
mathematics and reading scores. The sensitivity analyses
reinforce the primary findings described above (appendix
pp 54-63). Crucially, the regression results illustrated in
figure 3 persist when using reported cumulative deaths
(rather than cumulative deaths adjusted for under-
reporting), non-age-standardised deaths, and when not
adjusting for comorbidities.

Discussion

US states’ struggles in the COVID-19 pandemic were not
inevitable. The nearly four-fold differences that existed
across states in COVID-19 death rates, even when
standardised for factors such as age and comorbidities,
suggest that lower death rates were achievable. The
states with the lowest standardised COVID-19 death
rates—Hawaii, New Hampshire, Maine, Vermont, and
Maryland—are not confined to a single geographical
region, nor did they all have governors from the same US
political party. The same is true for the states and
territories with the highest standardised death rates—
Arizona; Washington, DC; New Mexico; Mississippi; and
Colorado. Our analyses of this substantial variation
provide important insights into the five key policy
questions considered in this paper, which could be helpful
to inform US responses to this and future pandemics.

Social, racial, and economic inequities

Our results show that SARS-CoV-2 infections and
COVID-19 deaths disproportionately clustered in US
states with lower mean years of education, higher poverty
rates, limited access to quality health care, and less
interpersonal trust—the trust that people report having
in one another. Fewer years of education, limited access
to quality health care, and poverty are closely correlated
with one another, as s, to alesser extent, low interpersonal
trust (appendix p 43). Accordingly, these factors are best
viewed as a package of traits associated with states that
had worse outcomes in the pandemic, rather than as
individual contributors to COVID-19 outcomes.

This package of traits exists in US states and territories
with a higher percentage of people identifying as Black
and with higher percentages of people who voted for the
2020 Republican presidential candidate, such as Texas,
Mississippi, and Alabama (appendix pp 45-46). While
this category of states is correlated with higher prevalence
of key comorbidities that worsen COVID-19 outcomes
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Figure 7: Factors associated with reduction in standardised GDP, employment rate, and mathematics and reading test scores

Graphs show estimated associations of COVID-19 policy and behavioural responses with state GDP, sector-standardised and defined as the ratio of expected to actual
GDP (A); employment per capita, sector-standardised and defined as the ratio of expected to actual employment (B); changes in fourth-grade mathematics test
scores (C); and changes in fourth-grade reading test scores (D). For continuous COVID-19 policy measures, the relative change is that associated with a state never
having implemented a mandate versus implementing for the entire study period. Values and more information about interpreting these results are provided in the
appendix (pp 72-77). In panels A and B, all regressions include controls for education, proportion of the population older than 65 years, proportion of the population
younger than 20 years, mean weekly state unemployment benefits, and mean state unemployment benefit duration. All regressions assessing specific policy
interventions also control for mandate propensity and the individual estimates should be interpreted as estimates in addition to the general propensity to impose
policy interventions. Error bars are 95% Cls. Statistical significance at the 95% level is indicated by green bars (significant increase) or red bars (significant decrease).
GDP=gross domestic product.
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Figure 8: Economic indicators and education scores versus cumulative infection and death rates by state

On the vertical axis of each figure is reduction in relative standardised GDP from Jan 1, 2020, to July 31, 2022 (A);
relative standardised employment from Jan 1, 2020, to July 31, 2022 (B); change in the mean fourth-grade
mathematics scores (possible scores range from 0 to 500) from autumn 2019 to autumn 2022 (C); and change in
the mean of fourth-grade reading scores (possible scores range from 0 to 500) from autumn 2019 to autumn
2022 (D). Horizontal axes are cumulative infections per 10 000 people (Jan 1, 2020, to July 31,2022) and
cumulative deaths per 100 000 people (Jan 1, 2020, to July 31, 2022). p values show the statistical significance of
the relationship between the two variables, with lines illustrating the association. Initials represent each state;
those shown in blue voted for the Democratic Party’s presidential candidate in 2020, and those shown in red
voted for the Republican Party’s presidential candidate in 2020. GDP=gross domestic product.
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(eg, diabetes and obesity), it is otherwise distinct in terms
of the factors assessed in this study. For example, this
subset of states is associated with income inequality, but
that is not true of the overall category of states with a
higher percentage of people who voted for the 2020
Republican presidential candidate. Conversely, this

subset of states is associated with higher rates of people
without health insurance, but that is not true of the
overall category of states with a higher percentage of
people who identify as Black.

As such, the poor performance of the USA in the
COVID-19 pandemic can be described as the product of a
syndemic—one centred around the combination of race
and politics. Syndemic is a term that scholars use to refer
to the phenomenon when pre-existing local health
conditions and socioeconomic disparities drive the
spread of disease and worsen its adverse outcomes. The
term syndemic was firstused to describe the simultaneous
epidemics of substance use, violence, and HIV, which
were intertwined and mutually reinforcing in the local
context of inner-city Hartford, CT, USA.** This concept
also applies to the category of US states where COVID-19
has done its greatest damage.

Social, racial, and economic inequities and poor
COVID-19 outcomes are linked in various ways. Poverty,
income inequality, and low educational attainment
keep people from living in healthy neighbourhoods
and residences, maintaining healthy behaviours, and
affording health care.* Individuals deemed to be essential
workers have, on average, lower incomes and education
levels and were less likely to be able to work remotely and
maintain physical distancing in this pandemic.” Essential
workers are also disproportionately Black, Hispanic, or
Native American, and are more likely to live in
multigenerational households where SARS-CoV-2
spreads more easily and to face systemic discrimination
and socioeconomic disadvantages in accessing health-
care services.*** Many of the worst-performing states
and territories in our study are also those with the highest
populations of people identifying as Black (Washington,
DC; Mississippi; and Georgia), Hispanic (Arizona and
New Mexico), or American Indian and Alaska Native
(Idaho, Nevada, Alaska, Wyoming, and Montana).”
States with higher percentages of Black Americans were
associated with higher income inequality, more people
living below the poverty line, lower trust in the scientific
community, less access to quality health care, and lower
vaccine coverage (figure 4; appendix pp 45-46). States
with larger Hispanic populations were most closely
linked to less health spending and fewer hospital beds
(appendix pp 45—46). The proportion of people identifying
as American Indian and Alaska Natives in most US
states might be too small to show a national-level
statistical association with worse COVID-19 outcomes in
this study, but they are the group that has had the steepest
overall declines in life expectancy over 2020 and 2021.%

Our results indicate that many of the same factors
associated with rates of COVID-19 infections and
deaths—lower poverty rates, more time in education,
greater access to quality health care, and more
interpersonal trust—are also associated with increased
COVID-19 vaccine coverage. Vaccine coverage is not just
a matter of securing adequate supply of doses; it also
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depends on overcoming structural barriers to
administration, such as insufficient access to vaccination
sites and an inability to get time off from work or
caregiving, as well as demand constraints.” The US
federal government and many states were slow to
adequately deploy mobile clinics to vaccinate essential
workers and to administer doses at rural health clinics
and federally qualified health centres, where people with
low income and members of Black, American Indian and
Alaska Native, and Hispanic Americans dispropor-
tionately get their medical care.” Only a quarter of US
states included specific strategies to encourage
vaccination in these minority racial and ethnic
communities as part of their initial COVID-19 vaccine
roll-out plans, despite ample research showing that those
communities have historical reasons to mistrust public
health campaigns.*™*

Declining economic conditions among lower-income
Americans without a university degree have also weakened
bonds of interpersonal trust—civic organisations, family
bonds, and unions.* Our results suggest interpersonal
trust (ie, trust in others) has played an outsized role in the
COVID-19 pandemic, as it has in other epidemics where
scientific uncertainties are great and public confidence is
easily undermined.”* Having greater interpersonal trust
motivates individuals to protect others in the community
and reduces their fear of being misled and exploited by
their peers. States with a higher percentage of people who
voted for the 2020 Republican presidential candidate are
associated with lower interpersonal trust in our study
results. Trust has long been partisan in the USA, with
citizens reporting less trust in government when the
president comes from a different party than their own.”
Without the public’s trust, the US Government, as in
many other democratic societies, is limited in its ability to
compel vaccination outside of public schools, the military,
and other government employment.®*

Health-care access and public health capacity
Our analyses provide evidence that health-care access is
associated with better COVID-19 outcomes. Higher
access to quality health care® and a smaller proportion of
uninsured individuals were both, on average, associated
with fewer cumulative infections and lower total
COVID-19 deaths. Higher public health spending and
more public health personnel per capita were not
associated, on average, with fewer cumulative COVID-19
deaths or SARS-CoV-2 infections at the state level in our
analysis. This analysis, however, does not capture the
consequences of the “uneven patchwork”™ of US state
and local public health capacities that were experienced
at the federal level during the pandemic, especially with
regard to poor data, threadbare information systems, and
delayed reporting of infections, hospitalisations, and
deaths.

Access to care—insurance coverage and the number
and proximity of health-care facilities and providers—and

quality of care are major influences on health behaviours,
which might explain the link to cumulative infections in
this pandemic. Having a regular physician helps, because
doctors are often the most trusted messengers on
vaccination and avoiding SARS-CoV-2 exposure and
transmission,®™ as well as being sources of improved
treatment outcomes. However, there are considerable
disparities in access to quality health care, especially in
poorer US regions.” The USA does not provide universal
health coverage, and its health-care costs are ever-
increasing. At the onset of the pandemic, nearly a third of
US states had not expanded Medicaid coverage under the
Affordable Care Act” the joint federal and state
programme that helps cover medical costs for individuals
with low incomes. At different points in the pandemic,
the US federal government provided masks, testing, and
vaccines for free to the public, but treatment costs were
still high, especially in hospital settings and for Americans
who lost their jobs along with employer-based insurance
coverage during the pandemic.””

Partisanship

Our study suggests that partisanship made a nuanced
contribution to state differences in COVID-19 outcomes.
Our results do not show, on average, a statistically
significant association between COVID-19 death rates
and the political affiliation of the state governor. The
highest elected officials in half of the ten states with
the lowest standardised cumulative death rates—
Vermont, New Hampshire, Maryland, Ohio, and
Nebraska—were Republicans, with the remaining five
best-performing states led by Democrats. On the other
hand, our results show that states where a greater
fraction of the population voted for the Republican
Party’s 2020 presidential candidate, on average, had
more infections and more total COVID-19 deaths for the
entire study period. Those findings are consistent with
other studies.""*”*”

Partisanship might mediate the relationship between
health systems and COVID-19 outcomes (figure 5). In
states that voted for the Democratic Party’s 2020
presidential candidate, vaccine coverage was associated
with stronger health systems (eg, more health workers
and physicians, fewer people without insurance). In the
states that voted for the Republican Party’s 2020
presidential candidate, however, we found no association
connecting health system factors with adoption of
protective behaviours, such as vaccination. In other
words, our results suggest that robust health systems
mattered most in this pandemic in the states where the
public was willing to use them. An important exception
emerged in our results: we found an association between
strong health systems and vaccine coverage in Republican-
leaning states with higher mean years of education.

Our results suggest that partisanship reduced the use of
protective mandates and behaviours. By late March, 2020,
at least 90% of US states had at least one of the following
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policy mandates in effect: school closures, gathering
restrictions, stay-at-home orders, and closures of bars,
restaurants, and gyms. A year later, less than 10% of states
had at least one of those same mandates in effect. In the
interim, as the pandemic persisted and vaccines became
available, mandate use became more heterogeneous
among US states, and differences emerged between
Democratic-leaning and Republican-leaning states. After
that initial collective effort by most US states to curb the
transmission of SARS-CoV-2, fatigue, protests, and
election-year politics began to arise in April, 2020 (figure 6).”
The willingness to implement protective mandates and
adopt behaviours became the lens through which many
Americans and elected officials reacted to the COVID-19
pandemic.” During this period, states with a Republican
governor and that voted for the Republican Party’s 2020
presidential candidate imposed fewer mask and vaccine
mandates, had shorter stay-at-home orders and business
closures, and exhibited higher levels of mobility and less
mask use and vaccine coverage. When the delta variant
(B.1.6172) of SARS-CoV-2 emerged in the winter of 2020-21
and SARS-CoV-2 infections and COVID-19 deaths surged,
more Democratic-leaning states responded by reinstituting
protective mandates than states that voted for the
Republican Party’s 2020 presidential candidate (figure 6).

Policy mandates and behaviours

The period in which most US states deployed at least
some policy mandates was approximately 1 year long.
Our results suggest that states that implemented and
maintained more policy mandates, including those
meant to encourage or require mask use, vaccination,
and physical distancing, had, on average, lower infection
rates during the period in which those mandates were in
effect. The pathway through which these mandates affect
transmission appears to be the public’s adoption of
protective behaviour. The states that implemented and
maintained more mandates were statistically associated,
on average, with higher mask use and greater vaccine
coverage rates, which in turn were associated with fewer
infections. Vaccine coverage also had a large association
with US state variation in death rates during the period
when vaccines were available.

Most states implemented the mandates assessed in this
study during the same period, and those mandates
interacted and worked synergistically in the pandemic. We
found that few of these individual mandates alone were
associated with better COVID-19 outcomes beyond the
reduction achieved by the package of non-pharmaceutical
interventions. The exception was vaccine mandates for
state employees, which were statistically associated with
lower rates of infections and with reductions in cumulative
death rates. The category of state and local government
employees includes millions of vaccine-eligible adults.®

The greater association of mandates with infections
than with deaths highlights that factors beyond infection
influenced death rates in this pandemic. Poverty rates,

access to quality health care, time in education, and
proportion of people with health insurance were all
associated with deaths and independently affected the
infection-fatality rate. At-risk, older, and less healthy
individuals might still have adopted behaviours to avoid
infection, such as mask use, or avoiding gatherings—
even without states requiring them to do so—obscuring
the effects of mandates on deaths.

Economic and educational trade-offs

Our results provide no evidence of a trade-off between a
state having a relatively strong economy and COVID-19
health outcomes in this pandemic. There were trade-offs
between fewer infections and higher employment rates,
and weaker evidence of a trade-off with higher fourth-
grade mathematics and reading test scores.

Two competing critiques emerged over the US
COVID-19 response. One prevailing viewpoint was that
the health benefits for states that more heavily deployed
protective mandates—ie, non-essential business and
school closures, mask mandates, and stay-at-home
orders—were not worth the disruption to lives,
livelihoods, and children’s education.”® The other
perspective was that a functioning US economy and
school system depended on infection and death rates
falling, so there were no trade-offs between health, jobs,
and economic and educational policies.*® Our results
suggest both critiques are partially correct.

We found no associations between GDP and most
health mandates, lower infections, or fewer total deaths in
the pandemic, indicating that the economy was neither
hindered nor helped by interstate differences in COVID-19
health mandates and outcomes. State differences in
employment in the pandemic were statistically associated
with mandates on restaurant closures, but not with other
business closures or gathering restrictions. The pandemic,
however, can affect employment even in the absence of
such policy mandates by reducing people’s willingness to
work (labour shocks), lowering or changing consump-
tion patterns (eg, shifting commerce from in-person
businesses to online retailers), or creating uncertainty that
reduces investment.® In our study, higher employment
was associated with states with less mask use, more
infections, and greater COVID-19 deaths during the study
period. These results suggest that job losses might have
been less severe in states where the population was more
willing to incur the risks of SARS-CoV-2 transmission and
severe COVID-19 outcomes in order to engage in in-
person commercial and retail activities.

The COVID-19 pandemic coincided with substantial
declines in US educational performance, but our results
do not indicate that those learning losses were
systematically associated with state-level primary school
closures. 20 years of progress in fourth-grade mathem-
atics and reading scores were reversed between 2019 and
2022, according to the 2021 National Assessment of
Educational Progress examination, a nationally
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comparable test that the US Education Department
administers every 2 years to 9-year-old children. Yet,
California, a state with long school closures during the
pandemic, had test score declines similar to or smaller
than those in Florida and Maine, states with low rates of
school closures.®* It is likely, however, that our state-
level estimates of school closures do not fully capture the
diversity in school closure and reopening decisions that
occurred within states at the district levels. Our results
suggest that state declines in fourth-grade mathematics
scores were associated with the intensity of mandates
deployed and with mandates unrelated to school closures
(mask mandates and vaccine mandates for state and
school employees). Declines in fourth-grade mathematics
scores were also associated with higher mask use, less
mobility, and higher vaccine coverage, as well as showing
a weak association with lower infection rates without
reaching statistical significance at the 5% level. One
possible explanation is that in states where the public
and elected officials were more cautious about SARS-
CoV-2 transmission generally, more parents might have
elected to keep children in remote schooling, irrespective
of state requirements. Another possibility is that mask
and vaccine mandates for state and school employees
affected school attendance and closures in ways that our
study is not designed to measure. Several studies have
found that remote schooling was associated with lower
test scores, in mathematics especially.®® Other studies
showed that Black and Hispanic students and those from
low-income households were in fully remote schooling
longer and, on average, had steeper declines in
mathematics test scores, widening the already large and
persistent racial and economic inequities in US
education.®

Limitations

This study was subject to several limitations. Assessing
causal relationships using observational data is
challenging and sometimes impossible. This study was
not designed to definitively determine causality. Instead,
in this study we tested the association of key social,
economic, and health-care capacity factors with cumulative
death and infection rates, controlling for biological factors
such as age, comorbidities, and population density. These
analyses were completed independently of each other
because the factors were correlated, as unmeasured
confounding connects them in ways that our study was
not able to parse. Some factors might be mediated or
modified by other unobserved factors. Moreover, person-
level data would allow for more precise identification of
relationships between pre-COVID-19 contextual factors,
state policy responses, individual behaviours, and
COVID-19 outcomes. Because this analysis is completed
at the state level using ecological data, the evidence
presented in this Article cannot prove that these factors
have a causal relationship with COVID-19 outcomes,
despite each factor having a statistically significant

relationship and a plausible pathway. Although we
assessed policy mandates and strategic behaviours—
including mask use, vaccination rates, and mobility—that
are more directly connected to the COVID-19 outcomes,
they, like the other factors, are subject to the modifiable
areal unit problem. While this problem is associated with
variation within states with districts and localities
imposing different mandates, it might cloud the impact of
the state effect that we are estimating.

Our analyses were also based on cumulative estimates
aggregated across time. This strategy makes it easier to
assess broad levels of association between characteristics
and responses but makes directionality challenging to
assess. Moreover, mistiming of policy interventions or
behaviours could lead our regression approach to
estimate no effect on COVID-19 outcomes when there in
fact is one. Finally, total COVID-19 infections and deaths
are imperfectly measured due to under-reporting. To
address this deficit, we used uncertainty drawn from the
IHME COVID-19 database.

Implications for policy

COVID-19 magnified the polarisation and persistent
social, economic, and racial inequities that already
existed across US society, but the next pandemic threat
need not do the same. Recognising the local contexts in
which SARS-CoV-2 infections and COVID-19 deaths in
the USA have disproportionately clustered in this
pandemic enables policy makers to design and target
clinical and policy interventions towards facilitating
better health outcomes in future crises.” Our results
underscore the need for policies such as paid family and
sick leave and expanded Medicaid and insurance
coverage,*® which would help individuals with low
incomes to get vaccinated, obtain effective treatment,
and take the protective measures necessary to protect
themselves in future pandemics. Earlier adoption of
targeted, community-based efforts, such as the door-to-
door vaccine ambassador programme used in Baltimore,
MD, could help to narrow disparities associated with
race, ethnicity, and political leaning in future vaccination
campaigns.”* One way to improve vaccine uptake
generally among partisan and marginalised groups
would be for states to invest in community-based
organisations, such as local clinics or faith-based
institutions, to engage in ongoing public health
promotion and data collection, solicit feedback, and
communicate with constituents during the COVID-19
crisis and beyond.” In future crises, federal and state
governments could include in their public health
campaigns emissaries, such as business leaders,
community leaders, or talk-show hosts, who might
appeal to those who doubt the current government on
the safety and efficacy of vaccines and pandemic
prevention.”  Clear, transparent, and  timely
communication can help to build public trust in a
crisis.**
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To access the Global Health
Data Exchange data used in
this analysis see http://ghdx.
healthdata.org/record/ihme-
data/covid_19_pandemic_
preparedness

Our study suggests that the policy mandates and
protective behaviours adopted in this pandemic were
effective in reducing SARS-CoV-2 infections but might
have been associated with employment and educational
trade-offs in some cases. These potential trade-offs
warrant closer investigation so as to better target such
protective measures in future crises and to develop US job
retention schemes and educational policies that can
mitigate against unwelcome societal consequences.” In
the meantime, the data indicate that more focused support
might be needed to help the lowest-achieving students
catch up and address US educational achievement gaps
that have widened significantly over this pandemic.

Conclusion

The Institute of Medicine has described public health as
“what we as a society do collectively to assure the
conditions in which people can be healthy”.” Trust in
that collective response was low before the pandemic and
is lower still after the nation’s struggles with COVID-19.**
An essential step in rebuilding trust in US public health
and future pandemic responses is being transparent
about the political contexts and social, economic, and
racial inequities that might have contributed to US
struggles in this crisis, and to identify where the
economic and educational trade-offs might have been too
great to justify the protective measures adopted. Our
study suggests that where US states have been able to
confront these structural inequities, deploy science-
based measures, and mobilise the social solidarity that
does exist in America, those states have been fully able to
match the Dbest-performing nations globally in this
pandemic.
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Section 2: GATHER criteria
This study complies with GATHER recommendations. We have documented the steps in our analytical
procedures and detailed the data sources used. See Table S1 for the GATHER checklist. The GATHER

recommendations can be found on the GATHER website.

2.1 GATHER checklist
Checklist for compliance with the Guidance for Accurate and Transparent Health Estimates Reporting

(GATHER)

ltem # | Checklist item |

Reported on page #

Objectives and funding

potentially important biases (e.g., based on characteristics listed in
item 5).

1 Define the indicator(s), populations (including age, sex, and Summary. Main Text:
geographic entities), and time period(s) for which estimates were Introduction, Methods
made.

2 List the funding sources for the work. Summary. Main Text:
Acknowledgements and
declarations.

Data Inputs

For all data inputs from multiple sources that are synthesized as part of the study:

3 Describe how the data were identified and how the data were Main Text: Methods.

accessed. Supplementary Appendix:
Section 3.

4 Specify the inclusion and exclusion criteria. Identify all ad-hoc Main Text: Methods.

exclusions. Supplementary Appendix:
section 3.

5 Provide information on all included data sources and their main Supplementary Appendix:
characteristics. For each data source used, report reference Section 3. Main characteristics
information or contact name/institution, population represented, data | of data, metadata, and/or NIDs
collection method, year(s) of data collection, sex and age range, available through:
diagnostic criteria or measurement method, and sample size, as http://ghdx.healthdata.org/
relevant.

6 Identify and describe any categories of input data that have Main text: Limitations section.

Supplementary appendix:
Section 4.

For data inputs that contribute to the analysis but were not synthesized as part of the study:

efficiently extracted (e.g., a spreadsheet rather than a PDF), including
all relevant meta-data listed in item 5. For any data inputs that cannot
be shared because of ethical or legal reasons, such as third-party
ownership, provide a contact name or the name of the institution that
retains the right to the data.

7 Describe and give sources for any other data inputs. Supplementary Appendix:
Section 3.
For all data inputs:
8 Provide all data inputs in a file format from which data can be Available through:

http://ghdx.healthdata.org/

Data analysis

9

Provide a conceptual overview of the data analysis method. A diagram
may be helpful.

Main text: Methods.



http://gather-statement.org/
http://ghdx.healthdata.org/
http://ghdx.healthdata.org/

10 Provide a detailed description of all steps of the analysis, including Main text: Methods.
mathematical formulae. This description should cover, as relevant, Supplementary Appendix:
data cleaning, data pre-processing, data adjustments and weighting of | Section 4
data sources, and mathematical or statistical model(s).

11 Describe how candidate models were evaluated and how the final Supplementary Appendix:
model(s) were selected. Sections 4 & 5

12 Provide the results of an evaluation of model performance, if done, as | Supplementary Appendix:
well as the results of any relevant sensitivity analysis. Sections 4 and 5

13 Describe methods for calculating uncertainty of the estimates. State Main Text: Methods.
which sources of uncertainty were, and were not, accounted for in the | Supplementary Appendix:
uncertainty analysis. Section 4.

14 State how analytic or statistical source code used to generate Available through:

estimates can be accessed.

https://github.com/ihmeuw

Results and Discussion

15 Provide published estimates in a file format from which data can be Available through:
efficiently extracted. http://ghdx.healthdata.org/
16 Report a quantitative measure of the uncertainty of the estimates Main text: Results
(e.g. uncertainty intervals).
17 Interpret results in light of existing evidence. If updating a previous set | Main Text: Discussion
of estimates, describe the reasons for changes in estimates.
18 Discuss limitations of the estimates. Include a discussion of any Main Text: Limitations

modelling assumptions or data limitations that affect interpretation of
the estimates.



https://github.com/ihmeuw
http://ghdx.healthdata.org/

Section 3: Data inputs

3.1 Death model inputs
Description of all dependent and independent variables explored in the death regression analysis, including mathematical transformations, relevant time period,
control variables, and data sources.

Analysis Dependent
Variable name Definition Category Transformation Time variable Controls Source
Period transformation
Age-standardised Dependent IHME COVID
Deaths cumulative deaths per . Log NA NA NA estimate, based on
. variable .
capita reporting from JHU
Proportion of the
. . population living in an area . US Census Bureau;
Population density with at least 500 ppl per sq Control Normalize NA NA NA TIGERLS
km, 2019
First principal component
of a PCA of the following
conditions and behaviors:
asthma, cancer, chronic
Comarti 0 o
conditions and risk . - Control Normalize NA NA NA GBD 2019
factors cardiovascular disease,
diabetes, body-mass index
(BMI), and smoking. Each
condition was expressed
as the age-standardised
prevalence.
Proportion of the Race/ log(cumulative
Hispanic population identifying as . Normalize 1/1/20 - infections per comorbidities US Census Bureau
Hispanic EthnICIty 7/31/22 capita)
Proportion of the
Non-Hispanic population identifying as Race/ . 1/1/20 log(cumulative i
Asian non-Hispanic and Asian or . Normalize - infections per comorbidities US Census Bureau
Ethnicity 7/31/22 .
Pacific Islander capita)
Non-Hispanic Proportion of the Race/ . log(cumulative I
Black population identifying as N Normalize 1/1/20 - infections per comorbidities US Census Bureau
non-Hispanic and Black Ethnicity 7/31/22

capita)




. . Proportion of the Race/ lo :
- g(cumulative
Norj Hispanic population identifying as Normalize 1/1/20 - infecti comorbidities US Census Bureau
White ’ : > . infections per
non-Hispanic and White Ethnicity 7/31/22 capi
pita)
Proportion of the
. . population identifying as Race/ lo :
- g(cumulative
Zr:r:e:(l::':lalr:;ian non-Hispanic and Normalize 1/1/20 - infections per comorbidities US Census Bureau
American Indian or Alaska Ethnicity 7/31/22 capita)
Native
% of the population living Pre-COVID log(cumulative
. . 1/1/20 - . . I
Poverty below the poverty line, state Normalize infections per comorbidities GBD 2019
. 7/31/22 .
2019 characteristic capita)
Pre-COVID 1/1/20 - log(cumulative
Income inequality  Gini coefficient, 2019 state Normalize 7/31/22 infections per comorbidities US Census Bureau
characteristic capita)
Health access and Health access and quality Pre-COVID . 1/1/20 - I.og(curnulatlve R
. . state Normalize infections per comorbidities GBD 2019
quality index (HAQI), 2019 - 7/31/22 .
characteristic capita)
Public health full-time Pre-COVID log(cumulative US Census: State
. . . 1/1/20 - . . - Government
Public health FTEs  equivalent (FTE) hours per state Normalize infections per comorbidities
. - 7/31/22 . Employment &
capita, 2019 characteristic capita)
Payroll
Public health Prlce-adjustef:i public ' Pre-COVID ' 1/1/20 - Igg(cumulatlve . State Healt'h Access
spendin health spending per capita, state Normalize 7/31/22 infections per comorbidities Data Assistance
P J 2019 characteristic capita) Center (SHADAC)
: Price-adjusted health Pre-COVID . 1/1/20 - logleumulative - CMS State Health
Health spending . . state Normalize infections per comorbidities Expenditure
spending per capita, 2019 - 7/31/22 .
characteristic capita) Accounts
Pre-COVID I lati
Hospital beds Hospital beds per capita, restate Normalize 1/1/20 - ﬁ\%‘(eccli?;:sa I;/re comorbidities Kaiser Family
P 2019 . 7/31/22 ns P Foundation
characteristic capita)
Pre-COVID log(cumulative . .
) . 1/1/20 - ) . —_ Kaiser Family
ICU beds ICU beds per capita, 2019 state Normalize 7/31/22 infections per comorbidities Foundation

characteristic

capita)




Pre-COVID log(cumulative . .
Physicians Physicians per capita, 2019 state Normalize 1/1/20- infections per comorbidities Kaiser Family
v Y per caprta, - 7/31/22 ns P Foundation
characteristic capita)
Healthcare Healthcare workers per Pre-COVID . 1/1/20 - I.og(curnulatlve peas Kaiser Family
. state Normalize infections per comorbidities .
workers capita, 2019 L 7/31/22 . Foundation
characteristic capita)
Proportion of the Pre-COVID 1/1/20 log(cumulative US Census: Smaller
Health insurance population who are state Normalize infections per comorbidities Area Health
. - 7/31/22 : .
uninsured, 2019 characteristic capita) Insurance Estimates
G ' litical part
o'v'err'10r s political party Pre-COVID log(cumulative
Governor party affiliation 1/1/20 - . . e
. . state None infections per comorbidities Harvard Dataverse
affiliation (Republican/Democrat), - 7/31/22 .
characteristic capita)
2019
0,
ﬁ:th;eu\gl)itciihat went for Pre-COVID 1/1/20 log(cumulative
Vote share (2020) . P . . . state Normalize infections per comorbidities Harvard Dataverse
presidential candidate in L 7/31/22 ]
characteristic capita)
2020
2016/2018
Most people can be Pre-COVID ' 1/1/20 - I?g(cumulatlve o Coopera'tlve
Interpersonal trust state Normalize infections per comorbidities Congressional
trusted - 7/31/22 ] -
characteristic capita) Election Survey
(CCES)
A lot or moderate amount Pre-COVID log(cumulative 2018 Coopt_eratwe
L . o . 1/1/20 - . . _— Congressional
Trust in science of trust in the scientific state Normalize infections per comorbidities ;
communit characteristic 7/31/22 capita) Election Survey
¥ P (CCES)
Always or almost always 2016/2018
Trust in trust the federal Pre-COVID . 1/1/20 - Igg(cumulatlve A Coopera'tlve
. state Normalize infections per comorbidities Congressional
government government to do what is - 7/31/22 ; -
richt characteristic capita) Election Survey
& (CCES)
Existence of state-funded .
Paid family/sick paid family or medical Pre-COVID 1/1/20 - Igg(cumulatlve - Kaiser Family
. state None infections per comorbidities .
leave leave (Neither/One/Both), . 7/31/22 . Foundation
characteristic capita)
2019
Pre-COVID I lati
Education Average years of restate Normalize 1/1/20 - ﬁ\i(ecci?;:sa I;/re comorbidities American
education, 2019 7/31/22 P Community Survey

characteristic

capita)




Mandate
propensity

First principal component
of a PCA of the following
variables: mask mandates,
stay-at-home orders,
restaurant closures, bar
closures, gathering
restrictions, primary
school closures, higher
education closures, and
gym/pool/leisure closures.

COVID policy

None

mean(log(daily

comorbidities

Constructed

Mask mandates

% of days during the
analysis time period with a
mask mandate in effect

COVID policy

None

4/1/20 - . .
infections per
6/1/21 capita))
0. e
6/1/21 P

capita))

comorbidities + leave-
one-out mandate pca

COVID19StatePolicy.
org; Christopher
Adolph, Kenya
Amano, Bree Bang-
Jensen, Nancy
Fullman, John
Wilkerson. 2021.
"Pandemic Politics:
Timing State-Level
Social Distancing
Responses to
COVID-19." Journal
of Health Politics,
Policy and Law;
Christopher Adolph,
Kenya Amano, Bree
Bang-Jensen, Nancy
Fullman, Beatrice
Magistro, Grace
Reinke, Rachel
Castellano, Megan
Erickson, John
Wilkerson. 2021.
"The Pandemic
Policy U-Turn:
Partisanship, Public
Health, and Race in
Decisions to Ease
COVID-19 Social
Distancing Policies
in the United




% of days during the

mean(log(daily

Stay at home analysis time period_with a COVID policy None 4/1/20 - infections per comorbidities + leave-
orders stay-at-home order in 6/1/21 . one-out mandate pca
capita))
effect
% of days during th log(dail
Restaurant %0 gys_ urlng. N . . 4/1/20 - r.nean(.og( atly comorbidities + leave-
closures analysis time period with COVID policy None 6/1/21 infections per one-out mandate pca
restaurants mandated shut capita)) P
o . .
% of d..a\ys-durlng .the . . 4/1/20 - r.nean(llog(dally comorbidities + leave-
Bar closures analysis time period with COVID policy None infections per
6/1/21 . one-out mandate pca
bars mandated shut capita))
% of days during the
analysis time period with
. restrictions in place for mean(log(daily e
Gathering . . . 4/1/20 - . . comorbidities + leave-
d th f 50 COVID pol N fect
restrictions indoor gatherings o policy one 6/1/21 intections per one-out mandate pca

people or more and
outdoor gatherings of 100
people or more

capita))

10

States."
Perspectives on
Politics.




% of days during the
analysis time period with

mean(log(daily

Pri hool 4/1/20 - bidities + | -
rimary schoo primary schools mandated COVID policy None 1/ infections per comorbidities + feave
closures . 6/1/21 . one-out mandate pca
shut for in-person capita))
activities
% of days during the
. . analysis time period with mean(log(daily e
Higher education . . . 4/1/20 - . . comorbidities + leave-
higher education COVID policy None infections per
closures Lo 6/1/21 . one-out mandate pca
institutions mandated shut capita))
for in-person activities
% of days during the
. analysis time period with mean(log(daily s
Gym/pool/leisure . 4/1/20 - . . comorbidities + leave-
gyms, pools, and other COVID policy None infections per
closures . L 6/1/21 . one-out mandate pca
leisure destinations capita))
mandated shut
Vaccine mandates  History of COVID vaccine . 3/15/21 - I.og(cu rnulatwe comorbidities + leave- Kaiser Family
(school mandate for school COVID policy None infections per .
07/31/22 . one-out mandate pca Foundation
employees) employees (Yes/No) capita)
History of COVID vaccine log(cumulative
Vaccine mandates  mandate for state . 3/15/21 - . g . comorbidities + leave- Kaiser Family
COVID policy None infections per .
(state employees) employees 07/31/22 . one-out mandate pca Foundation
. capita)
(Yes/No/Partial)
Average proportion of the mean(log(dail
population who always CoVID Mean of daily 4/1/20 - . ) giaatly - IHME COVID-19
Mask use . . infections per comorbidities
wear a mask when leaving behavior measure 07/31/22 . database
capita))
home
Google Global
CoVID-19
Community Mobility
Report; Apple Inc.
COVID-19 Mobility
Average daily relative mean(log(dail Trends Report;
Mobilit chan ge in mZbiIit from covib Mean of daily 4/1/20 - infectioﬁs el}/ comorbidities United States
y g ¥ behavior meaure 07/31/22 P Mobility Changes in

pre-pandemic baseline

capita))

Response to COVID-
19 2020 - Descarte
Labs; United States
SafeGraph Social
Distancing Metrics
2020.
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Vaccine uptake

Age-standardized fully

vaccinated person-days

per total person-days,

where fully vaccinated is CovID
defined as receiving 2 behavior
doses of a two-dose

regimen or a single dose of

a one-dose regimen

None

3/15/21 -
07/31/22

mean(log(daily
infections per
capita))

comorbidities

IHME COVID-19
database
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3.2 Infection model inputs
Description of all dependent and independent variables explored in the infection regression analysis, including mathematical transformations, relevant time period,
control variables, and data sources.

Analysis Dependent
Variable name Definition Category Transformation Time variable Controls Source
Period transformation
Cumulative infections per Dependent IHME COVID estimate,
Infections . P P . Log NA NA NA based on case reporting
capita variable
from JHU
. Proportion of the population
Populat usc B ;
dZ::ita fon living in an area with at least Control Normalize NA NA NA e_I:sGuEsRLgreau,
v 500 ppl per sq km, 2019
. . Race/ I lati
. . Proportion of the population . 1/1/20 - og(cumulative ) )
Hispanic identifying as Hispanic . Normalize 12/15/21 infections per population density US Census Bureau
Ethnicity .
capita)
Non-Hispanic 'Propc')rt'lon of the po'pulat'lon Race/ - 1/1/20 - log(cumulative _ .
R identifying as non-Hispanic Normalize infecti population density US Census Bureau
Asian . i hnici 12/15/21 infections per
and Asian or Pacific Islander Ethnicity capi
pita)
Non-Hispanic 'Propc')rt'lon of the po'pulat'lon Race/ - 1/1/20 - log(cumulative _ .
identifying as non-Hispanic Normalize infecti population density US Census Bureau
Black d Black Ethnicity 12/15/21 infections per
and blac capita)
Non-Hispanic 'Propc')rt'lon of the po'pulat'lon Race/ - 1/1/20 - log(cumulative _ .
. identifying as non-Hispanic Normalize infecti population density US Census Bureau
White 4 Whi Ethnicity 12/15/21 infections per
an ite capita)
Proportion of the population Race/
Non-Hispanic identifying as non-Hispanic ace . 1/1/20 - log(cumulative . .
American Indian  and American Indian or Alaska Ethnicity Normalize 12/15/21 infections per population density Us Census Bureau
Native capita)
Povert % of the population living Pres-tca(t);/ID Normalize 1/1/20- I%gfsecclilrz:lsatlt\e/f opulation densit GBD 2019
v below the poverty line, 2019 . 12/15/21 . P Pop ¥
characteristic capita)
Pre-COVID | lati
Income Gini coefficient, 2019 restate Normalize 1/1/20 - %lcgf(e:cctfc?;:sa IZ:: opulation densit US Census Bureau
inequality ! 12/15/21 P pop ¥

characteristic

capita)
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Pre-COVID | lati
Health access and  Health access and quality restate Normalize 1/1/20 - %%’Eecctf(?;:sa ';’:3 opulation densit GBD 2019
quality index (HAQI), 2019 o 12/15/21 ns p Pop y
characteristic capita)
Public health Pub!lc health full-time Pre-COVID ' 1/1/20 - ng(cumulatlve ' ' US Census: State
equivalent (FTE) hours per state Normalize infections per population density Government
FTEs . . 12/15/21 .
capita, 2019 characteristic capita) Employment & Payroll
Governor party Go.v.err_mr's political party Pre-COVID 1/1/20 - If:)g(curnulative . .
affiliation affiliation state None 12/15/21 infections per population density Harvard Dataverse
(Republican/Democrat), 2019 characteristic capita)
% of the vote that went for Pre-COVID 1/1/20 - log(cumulative
Vote share (2020) the Republican presidential state Normalize infections per population density Harvard Dataverse
. . . 12/15/21 ]
candidate in 2020 characteristic capita)
Interpersonal Pre-COVID ' 1/1/20 - ng(cumulatlve ' ' 2016/201§ Cooperaiclve
Most people can be trusted state Normalize infections per population density Congressional Election
trust . 12/15/21 .
characteristic capita) Survey (CCES)
A lot or moderate amount of Pre-COVID 1/1/20 - log(cumulative 2018 Cooperative
Trust in science trust in the scientific state Normalize infections per population density Congressional Election
. - 12/15/21 .
community characteristic capita) Survey (CCES)
. Always or almost always trust Pre-COVID log(cumulative 2016/2018 Cooperative
Trust in . 1/1/20 - ) . . . ) .
overnment the federal government to do state Normalize 12/15/21 infections per population density Congressional Election
g what is right characteristic capita) Survey (CCES)
Paid family/sick Exwtcence of st'ate-funded paid Pre-COVID 1/1/20 - ng(cumulatlve ' ' Kaiser Family
leave family or medical leave state None 12/15/21 infections per population density Foundation
(Neither/One/Both), 2019 characteristic capita)
Pre-COVID | lati
Education Average years of education, restate Normalize 1/1/20 - %lcgf(e:cctfc?;:sa IZ:: opulation densit American Community
2019 o 12/15/21 ns p pop ¥ Survey
characteristic capita)
First principal component of a
PCA of the following variables:
mask mandates, stay-at-home
orders, restaurant closures, mean(log(daily
Mandat 4/1/20 -
anda ? bar closures, gathering COVID policy None /1 infections per population density Constructed
propensity o ) 6/1/21 .
restrictions, primary school capita))
closures, higher education
closures, and
gym/pool/leisure closures.
COVID19StatePolicy.org;
% of days during the analysis mean(log(daily  proportion_500ppl_km Christopher Adolph,
. . . . 4/1/20 - . .
Mask mandates time period with a mask COVID policy None 6/1/21 infections per + leave-one-out Kenya Amano, Bree

mandate in effect

capita))

mandate pca

14
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% of days during the analysis

mean(log(daily

proportion_500ppl_km

Stay at home time period with a stay-at- COVID policy None 4/1/20 - infections per + leave-one-out
orders . 6/1/21 .
home order in effect capita)) mandate pca
5 - - - -
Restaurant A) of day§ durl'ng the analysis ' 4/1/20 - rTlean('log(dally proportion_500ppl_km
time period with restaurants COVID policy None infections per + leave-one-out
closures 6/1/21 .
mandated shut capita)) mandate pca
% of days during the analysis mean(log(daily  proportion_500ppl_km
. . . . 4/1/20 - . .
Bar closures time period with bars COVID policy None infections per + leave-one-out
6/1/21 .
mandated shut capita)) mandate pca
% of days during the analysis
time period with restrictions . .
log(dail t 500ppl_k
Gathering in place for indoor gatherings . 4/1/20 - r?qean(_og( ally proportion_otuppl_m
. . COVID policy None infections per + leave-one-out
restrictions of 50 people or more and 6/1/21 capita)) mandate pca
outdoor gatherings of 100 P P
people or more
% of days during the analysis . .
pimayschol e b VIV o e Y- DearloBOl prosron i
closures schools mandated shut for in- policy 6/1/21 P

person activities

capita))

mandate pca
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% of days during the analysis
time period with higher

mean(log(daily

proportion_500ppl_km

High ti 4/1/20 -
cllogsuire:duca fon education institutions COVID policy None 6//1//21 infections per + leave-one-out
mandated shut for in-person capita)) mandate pca
activities
% of days during the analysis . .
Gym/pool/leisure time period with gyms, pools, . 4/1/20 - r'nean('log(dally proportion_500ppl_km
. o COVID policy None infections per + leave-one-out
closures and other leisure destinations 6/1/21 .
capita)) mandate pca
mandated shut
Vaccine History of COVID vaccine ' 3/15/21 - If)g(cumulatlve proportion_500ppl_km Kaiser Family
mandates (school mandate for school COVID policy None infections per + leave-one-out .
12/15/21 . Foundation
employees) employees (Yes/No) capita) mandate pca
Vaccine History of COVID vaccine ' 3/15/21 - If)g(curnulatlve proportion_500ppl_km Kaiser Family
mandates (state mandate for state employees COVID policy None infections per + leave-one-out .
. 12/15/21 . Foundation
employees) (Yes/No/Partial) capita) mandate pca
A ti fth log(dail
Mask use Zeags‘ic?r:ﬁﬁcr) :I)\Tv: s weear a covib Mean of daily 4/1/20 - r;qr;ZZt(izi aeItY opulation densit IHME COVID-19
pop . ¥ behavior measure 12/15/21 . P Pop y database
mask when leaving home capita))
Google Global COVID-19
Community Mobility
Report; Apple Inc.
COVID-19 Mobility
N f'-\veragfe.dally relative change. COVID Mean of daily 4/1/20 - r-nean(-log(dally - . Trends Repgrt; United
Mobility in mobility from pre-pandemic . infections per population density States Mobility Changes
. behavior measure 12/15/21 . .
baseline capita)) in Response to COVID-
19 2020 - Descarte Labs;
United States SafeGraph
Social Distancing
Metrics 2020.
Fully vaccinated person-days
per total person-days, where mean(log(dail
Vaccine uptake  TUlly vaccinated is defined as CovID None 3/15/21 - o fectioﬁs ery soulation densit IHME COVID-19
P receiving 2 doses of a two- behavior 12/15/21 P Pop y database

dose regimen or a single dose
of a one-dose regimen

capita))
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3.3 GDP model inputs
Description of all dependent and independent variables explored in the GDP regression analysis, including mathematical transformations, relevant time period,
control variables, and data sources.

Analysis Dependent
Variable name Definition Category Transformation Time variable Controls Source
Period transformation

Sector-standardised Dependent Bureau of Economic
Gbep GDP relative to 2019 variable None NA NA NA Analysis (BEA)
Education Average years of Control Normalize NA NA NA GBD 2019

education, 2019

Proportion of the
Population 65+ population aged 65 and Control Normalize NA NA NA GBD 2019

up, 2019

Proportion of the
Population <20 population under 20 Control Normalize NA NA NA GBD 2019

years old, 2019

US Department of

nemloyment 2178 e e e
insurance, benefit Control Normalize NA NA NA y !

length

unemployment
insurance benefit, 2019

Missouri Economic
Research and
Information Center

17




Unemployment
insurance, benefit
amount

Average price-adjusted
unemployment
insurance benefit
amount (in dollars),
2019

Control

Normalize

NA

NA

NA

US Department of
Labor, Center on Budget
and Policy Priorities,
Missouri Economic
Research and
Information Center

Poverty

% of the population
living below the
poverty line, 2019

Pre-COVID
state
characteristic

Normalize

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

GBD 2019

Income inequality

Gini coefficient, 2019

Pre-COVID
state
characteristic

Normalize

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

US Census Bureau

Governor party
affiliation

Governor's political
party affiliation
(Republican/Democrat),
2019

Pre-COVID
state
characteristic

None

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

Harvard Dataverse
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Vote share (2020)

% of the vote that went
for the Republican
presidential candidate
in 2020

Pre-COVID
state
characteristic

Normalize

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

Harvard Dataverse

Interpersonal
trust

Most people can be
trusted

Pre-COVID
state
characteristic

Normalize

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

2016/2018 Cooperative
Congressional Election
Survey (CCES)

Trust in science

A lot or moderate
amount of trust in the
scientific community

Pre-COVID
state
characteristic

Normalize

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

2018 Cooperative
Congressional Election
Survey (CCES)

Trust in
government

Always or almost
always trust the federal
government to do what
is right

Pre-COVID
state
characteristic

Normalize

1/1/20 -
6/30/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

2016/2018 Cooperative
Congressional Election
Survey (CCES)
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education +

Existence of state- p:VF;urlaetslT
Paid family/sick fund.ed paid family or Pre-COVID 1/1/20 - I.og(cur’nulatwe population Kaiser Family
medical leave state None infections per .
leave . - 6/30/22 . under 20 + UI Foundation
(Neither/One/Both), characteristic capita) .
5019 benefit length
+ Ul benefit
amount
First principal
component of a PCA of
the following variables:
mask mandates, stay-
at-home orders, mean(log(daily population
Mandatt'a restaurant cIosu.res, bar COVID policy None 4/1/20 - infections per density + Constructed
propensity closures, gathering 6/1/21 . e
. . capita)) comorbidities
restrictions, primary
school closures, higher
education closures, and
gym/pool/leisure
closures.
education+ | COVID19StatePolicy.org;
population Christopher Adolph,
over 65 + Kenya Amano, Bree
o . . i
% of djays‘durmg ‘the mean(log(daily population Bang-Jensen, Nancy
Mask mandates analysis time period COVID polic Nonhe 4/1/20 - infections per under 20 + Ul Fullman, John
with a mask mandate in policy 6/1/21 . ita))p benefit length Wilkerson. 2021.
effect P + Ul benefit "Pandemic Politics:
amount + Timing State-Level

leave-one-out
mandate PCA

Social Distancing
Responses to COVID-
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education +
population
over 65 +
% of days during the . population
Stay at home analysis time period COVID policy None 4/1/20 - ni::t(ilgﬁid;:: under 20 + Ul
orders with a stay-at-home 6/1/21 . benefit length
order in effect capita)) + Ul benefit
amount +
leave-one-out
mandate PCA
education +
population
over 65 +
% of days during the . population
Restaurant analysis time period . 4/1/20 - r'nean(‘log(dally under 20 + Ul
. COVID policy None infections per .
closures with restaurants 6/1/21 capita)) benefit length
mandated shut + Ul benefit
amount +
leave-one-out
mandate PCA
education +
population
over 65 +
% of days during the . population
Bar closures analysis time period COVID policy None 4/1/20 - Tﬁ‘ZZt(llgﬁidsg under 20 + Ul
with bars mandated 6/1/21 . benefit length
shut capita)) + Ul benefit
amount +
leave-one-out
mandate PCA
% of days during the education +
analysis time period population
with r?strictions in ) mean(log(daily over 65 +
Gathering place for indoor . 4/1/20 - . . population
restrictions gatherings of 50 people COVID policy None 6/1/21 |nfect|9ns . under 20 + Ul
capita)) .
or more and outdoor benefit length
gatherings of 100 + Ul benefit
people or more amount +

19." Journal of Health
Politics, Policy and Law;
Christopher Adolph,
Kenya Amano, Bree
Bang-Jensen, Nancy
Fullman, Beatrice
Magistro, Grace Reinke,
Rachel Castellano,
Megan Erickson, John
Wilkerson. 2021. "The
Pandemic Policy U-Turn:
Partisanship, Public
Health, and Race in
Decisions to Ease
COVID-19 Social
Distancing Policies in
the United States."
Perspectives on Politics.
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leave-one-out
mandate PCA

education +
population
. over 65 +
% of days during the .
analysis time period mean(log(daily population
Primary school . . . 4/1/20 - . . under 20 + Ul
with primary schools COVID policy None infections per .
closures . 6/1/21 . benefit length
mandated shut for in- capita)) >
o + Ul benefit
person activities
amount +
leave-one-out
mandate PCA
education +
population
% of days during the over 65 +
analysis time period . population
Higher education  with higher education . 4/1/20 - r'nean(.log(dany under 20 + UI
T COVID policy None infections per )
closures institutions mandated 6/1/21 . benefit length
. capita)) ,
shut for in-person + Ul benefit
activities amount +
leave-one-out
mandate PCA
education +
population
% of days during the over 65 +
analysis time period . population
. . mean(log(daily
1/20 -
Gym/pool/leisure with gyrps, pools, and COVID policy None 4/1/20 infections per under. 20 + Ul
closures other leisure 6/1/21 capita)) benefit length
destinations mandated P + Ul benefit
shut amount +

leave-one-out
mandate PCA
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education +

population US Department of
Federal Average length (in . over 65 + Labor, Center on Budget
mean(log(daily . . S
unemployment weeks) of COVID polic None 4/1/20 - infections per population and Policy Priorities,
insurance benefit unemployment policy 06/30/22 . ita))p under 20 + Ul Missouri Economic
duration insurance benefit, 2019 P benefit length Research and
+ Ul benefit Information Center
amount
education +
. . population US Department of
Federal Average price-adjusted . over 65 + Labor, Center on Budget
unemployment unemployment 4/1/20 - mean(log(daily population and Policy Priorities
. . insurance benefit COVID policy None infections per . . -
insurance benefit . 06/30/22 . under 20 + UI Missouri Economic
amount (in dollars), capita)) .
amount benefit length Research and
2019 8 .
+ Ul benefit Information Center
amount
education +
population
. History of COVID . over 65 +
Vaccine mandates . log(cumulative . . .
(school vaccine mandate for COVID polic None 3/15/21 - infections per population Kaiser Family
employees) school employees policy 06/30/22 . ita)p under 20 + UI Foundation
ploy (Yes/No) P benefit length
+ Ul benefit
amount
education +
population
History of COVID log(cumulative over 65 +
Vaccine mandates vaccine mandate for COVID polic None 3/15/21 - ingfections or population Kaiser Family
(state employees) state employees POlcY 06/30/22 . ita)p under 20 + Ul Foundation
(Yes/No/Partial) P benefit length
+ Ul benefit
amount
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education +

population
Average proportion of mean(log(dail over 65 +
Mask use the population who CoVID None 4/1/20 - infectiofs ery population IHME COVID-19
always wear a mask behavior 06/30/22 . ita))p under 20 + Ul database
when leaving home P benefit length
+ Ul benefit
amount
Google Global COVID-19
education + Community Mobility
opulation Report; Apple Inc.
Pop COVID-19 Mobility
Average daily relative mean(log(dail over 65 + Trends Report; United
. ge datly e CoVID 4/1/20 - neantiogldaly 55 lation port,
Mobility change in mobility from . None infections per States Mobility Changes
. . behavior 06/30/22 . under 20 + Ul .
pre-pandemic baseline capita)) ! in Response to COVID-
benefit length
+ Ul benefit 19 2020 - Descarte Labs;
United States SafeGraph
amount . . .
Social Distancing
Metrics 2020.
Fully vaccinated .
education +
person-days per total .
population
person-days, where
fully vaccinated is mean(log(daily over 65 +
Vaccine uptake defined as receiving 2 covib None 3/15/21 - infections per population IHME COVID-19
P & behavior 06/30/22 . P under 20 + UI database
doses of a two-dose capita)) .
regimen or a single benefit length
& & + Ul benefit
dose of a one-dose
amount

regimen
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Infections

Cumulative infections
per capita

CovID
outcomes

Log,
Normalize

4/1/20 -
12/15/21

mean(log(daily
infections per
capita))

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

IHME COVID-19
database

Deaths

Cumulative deaths per
capita

CovID
outcomes

Log, Normalize

4/1/20 -
06/30/22

mean(log(daily
infections per
capita))

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

IHME COVID-19
database

IFR

Age-standardised
Infection-fatality rate

CovID
outcomes

Normalize

4/1/20 -
12/15/21

mean(log(daily
infections per
capita))

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

IHME COVID-19
database

Hospitalisations

Cumulative
hospitalisations per
capita

CoviD
outcomes

Normalize

4/1/20 -
12/15/21

mean(log(daily
infections per
capita))

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

IHME COVID-19
database
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3.4 Employment model inputs
Description of all dependent and independent variables explored in the employment regression analysis, including mathematical transformations, relevant time
period, control variables, and data sources.

amount

amount (in dollars),
2019

Analysis Dependent
Variable name Definition Category Transformation Time variable Controls Source
Period transformation
Sector-standardised E?ur.eau of Labor .
. Dependent Statistics (accessed via
Employment employment relative to . None NA NA NA
variable Federal Reserve
2019 .
Economic Data)

Education Average years of Control Normalize NA NA NA GBD 2019

education, 2019

Proportion of the
Population 65+ population aged 65 and Control Normalize NA NA NA GBD 2019

up, 2019

Proportion of the
Population <20 population under 20 Control Normalize NA NA NA GBD 2019

years old, 2019

US Department of

Average length (in Labor, Center on Budget
Unemployment weeks) of and Policy Priorities
insurance, benefit Control Normalize NA NA NA . ‘y -
lenath unemployment Missouri Economic

g insurance benefit, 2019 Research and
Information Center
Average price-adjusted US Department of
Labor, Center on Budget

Unemployment unemployment and Policy Priorities
insurance, benefit insurance benefit Control Normalize NA NA NA y !

Missouri Economic
Research and
Information Center
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Poverty

% of the population
living below the
poverty line, 2019

Pre-COVID
state
characteristic

Normalize

1/1/20 -
7/31/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

GBD 2019

Income inequality

Gini coefficient, 2019

Pre-COVID
state
characteristic

Normalize

1/1/20 -
7/31/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

US Census Bureau

Governor party

affiliation

Governor's political
party affiliation
(Republican/Democrat),
2019

Pre-COVID
state
characteristic

None

1/1/20 -
7/31/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

Harvard Dataverse

Vote share (2020)

% of the vote that went
for the Republican
presidential candidate
in 2020

Pre-COVID
state
characteristic

Normalize

1/1/20 -
7/31/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

Harvard Dataverse

Interpersonal
trust

Most people can be
trusted

Pre-COVID
state
characteristic

Normalize

1/1/20 -
7/31/22

log(cumulative
infections per
capita)

education +
population
over 65 +
population
under 20 + Ul
benefit length

2016/2018 Cooperative
Congressional Election
Survey (CCES)
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+ Ul benefit

amount
education +
population
+
A lot or moderate Pre-COVID 1/1/20 - log(cumulative ZveurlaG'fion 2018 Cooperative
Trust in science amount of trust in the state Normalize infections per pop Congressional Election
scientific communit characteristic 7/31/22 capita) under 20 + U| Survey (CCES)
¥ P benefit length ¥
+ Ul benefit
amount
education +
population
+
. Always or almost Pre-COVID log(cumulative over 65. 2016/2018 Cooperative
Trustin always trust the federal . 1/1/20 - . . population . .
state Normalize infections per Congressional Election
government government to do what . 7/31/22 . under 20 + Ul
- characteristic capita) ) Survey (CCES)
is right benefit length
+ Ul benefit
amount
education +
Existence of state- p:vpeur|2t5lin
Paid family/sick fundfed paid family or Pre-COVID 1/1/20 - I‘og(curnulatwe population Kaiser Family
medical leave state None infections per .
leave . I 7/31/22 . under 20 + Ul Foundation
(Neither/One/Both), characteristic capita) .
5019 benefit length
+ Ul benefit
amount
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First principal
component of a PCA of
the following variables:
mask mandates, stay-
at-home orders,

mean(log(daily population
Mandatc'e restaurant closu.res, bar COVID policy None 4/1/20 - infections per density + Constructed
propensity closures, gathering 6/1/21 . e
. ; capita)) comorbidities
restrictions, primary
school closures, higher
education closures, and
gym/pool/leisure
closures.
education+  COVID19StatePolicy.org;
population Christopher Adolph,
over 65 + Kenya Amano, Bree
% of df:\ys'during jche mean(log(daily population Bang-Jensen, Nancy
Mask mandates analysis time period COVID policy None 4/1/20 - infections per under 20 + Ul Fullman, John
with a mask mandate in 6/1/21 capita)) benefit length Wilkerson. 2021.
effect + Ul benefit "Pandemic Politics:
amount + Timing State-Level
leave-one-out Social Distancing
mandate PCA Responses to COVID-
education + 19." Journal of Health
population Politics, Policy and Law;
over 65 + Christopher Adolph,
% of days during the . population Kenya Amano, Bree
Stay at home analysis time period . 4/1/20 - r?qean(.log(dany under 20 + Ul Bang-Jensen, Nancy
. COVID policy None infections per . .
orders with a stay-at-home 6/1/21 . benefit length Fullman, Beatrice
order in effect capita)) + Ul benefit Magistro, Grace Reinke,
amount + Rachel Castellano,

leave-one-out
mandate PCA

Megan Erickson, John
Wilkerson. 2021. "The
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education +

population
over 65 +
% of days during the . population
Restaurant analysis time period . 4/1/20 - rtnean(.log(dally under 20 + Ul
. COVID policy None infections per )
closures with restaurants 6/1/21 capita)) benefit length
mandated shut + Ul benefit
amount +
leave-one-out
mandate PCA
education +
population
over 65 +
% of days during the . population
Bar closures analysis time period COVID policy None 4/1/20 - rinnicaa:t(ilcc))ﬁid;:ry under 20 + U|
with bars mandated 6/1/21 . benefit length
shut capita)) + Ul benefit
amount +
leave-one-out
mandate PCA
education +
% of days during the population
analysis time period over 65 +
with restrictions in mean(log(daily population
Gathering place for indoor COVID policy None 4/1/20 - infections per under 20 + Ul
restrictions gatherings of 50 people 6/1/21 . benefit length
or more and outdoor capita)) + Ul benefit
gatherings of 100 amount +
people or more leave-one-out
mandate PCA
education +
% of days during the population
. analysis time period mean(log(daily over 65. N
Primary school with primary schools COVID policy None 4/1/20 - infections per population
closures . 6/1/21 . under 20 + Ul
mandated shut for in- capita)) .
person activities benefit length
+ Ul benefit
amount +

Pandemic Policy U-Turn:
Partisanship, Public
Health, and Race in

Decisions to Ease
COVID-19 Social
Distancing Policies in
the United States."

Perspectives on Politics.

30




leave-one-out
mandate PCA

education +
population
% of days during the over 65 +
analysis time period . population
Higher education  with higher education . 4/1/20 - rtnean(.log(dally under 20 + UI
closures institutions mandated COVID policy None 6/1/21 |nfect|9ns PET " benefit length
. capita)) ,
shut for in-person + Ul benefit
activities amount +
leave-one-out
mandate PCA
education +
population
% of days during the over 65 +
analysis time period mean(log(daily population
Gym/pool/leisure with gyms, pools, and COVID policy Nonhe 4/1/20 - infections per under' 20 + Ul
closures other leisure 6/1/21 . benefit length
destinations mandated capita)) + Ul benefit
shut amount +
leave-one-out
mandate PCA
education +
population US Department of
Federal Average length (in . over 65 + Labor, Center on Budget
mean(log(daily . . I
unemployment weeks) of COVID policy None 4/1/20 - infections per population and Policy Priorities,
insurance benefit unemployment 7/31/22 . under 20 + Ul Missouri Economic
duration insurance benefit, 2019 capita)) benefit length Research and
+ Ul benefit Information Center
amount
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education +

Average price-adjusted population US Department of
Federal unemployment mean(log(daily over 65 + Labor, Center on Budget
_unemployment .. insurance benefit COVID policy None 4/1/20- infections per population an(?l Pohcy PrIOFItI?S,
insurance benefit . 7/31/22 . under 20 + UI Missouri Economic
amount (in dollars), capita)) .
amount benefit length Research and
2019 8 .
+ Ul benefit Information Center
amount
education +
population
Vaccine Histc?ry of COdVID £ 3/15/21 log(cumulative overl6§ * Kaiser Famil
vaccine mandate for . - . . population aiser Family
:'\n::;:i:;::s()school school employees COVID policy None 07/31/22 mfecc:;)i::)per under 20 + Ul Foundation
(Yes/No) benefit length
+ Ul benefit
amount
education +
population
. History of COVID . over 65 +
Vaccine . log(cumulative . . .
mandates (state vaccine mandate for COVID policy None 3/15/21 - infections per population Kaiser Far.'mly
employees) state employfees 7/31/22 capita) under_ 20 + Ul Foundation
(Yes/No/Partial) benefit length
+ Ul benefit
amount
education +
population
Average proportion of mean(log(daily over 65 +
Mask use the population who CoVID None 4/1/20 - infections per population IHME COVID-19
always wear a mask behavior 7/31/22 . under 20 + Ul database
when leaving home capita)) benefit length
+ Ul benefit
amount
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Google Global COVID-19
Community Mobility

eiucjlgzz: Report; Apple Inc.
povper g COVID-19 Mobility
Average daily relative COVID 4/1/20 - mean(log(daily opulation Trends Report; United
Mobility change in mobility from behavior None 7/31/22 infections per ugd:r 20 + Ul States Mobility Changes
pre-pandemic baseline capita)) benefit lenath in Response to COVID-
+ Ul benefit 19 2020 - Descarte Labs;
United States SafeGraph
amount . .
Social Distancing
Metrics 2020.
Fully vaccinated education +
person-days per total ooulation
person-days, where povper 65 +
fully vaccinated is CovID 3/15/21-  mean(log(daily o tion IHME COVID-19
Vaccine uptake defined as receiving 2 behavior None 07/31/22 mfectpns Per o der 20 + Ul database
doses of a two-dose capita)) benefit lenath
regimen or a single AUl bene?it
dose of a one-dose amount
regimen
education +
population
mean(log(dail over 65 +
Infections Cumulative infections COVID Log, 4/1/20 - infectioﬁs ery population IHME COVID-19
per capita outcomes Normalize 12/15/21 . P under 20 + Ul database
capita)) .
benefit length
+ Ul benefit
amount
education +
mean(log(dail population
Deaths Cumulative deaths per COVID Lon Normalize  4/1/20- infectiofs e:’ over 65 + IHME COVID-19
capita outcomes & 07/31/22 ons p population database
capita))
under 20 + Ul

benefit length
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+ Ul benefit
amount

IFR

Age-standardised
Infection-fatality rate

COVID
outcomes

Normalize

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

mean(log(daily
infections per
capita))

4/1/20 -
12/15/21

IHME COVID-19
database

Hospitalisations

Cumulative
hospitalisations per
capita

CoviD
outcomes

Normalize

education +
population
over 65 +
population
under 20 + Ul
benefit length
+ Ul benefit
amount

mean(log(daily
infections per
capita))

4/1/20 -
12/15/21

IHME COVID-19
database
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3.5 Education model inputs
Description of all dependent and independent variables explored in the education regression analysis, including mathematical transformations, relevant time

period, control variables, and data sources.

Analysis Dependent
Variable name  Definition Category Transformation Time variable Controls Source
Period transformation
Change in mean test
. score from 2019 to Dependent National Center for
Education 2022 for 4th and 8th variable None NA NA NA Education Statistics
grade math and reading
% of the population Pre-COVID 1/1/20 - log(cumulative
Poverty living below the state Normalize infections per NA GBD 2019
. - 2/15/22 .
poverty line, 2019 characteristic capita)
Pre-COVID log(cumulative
!ncome. Gini coefficient, 2019 state Normalize 1/1/20- infections per NA US Census Bureau
inequality - 2/15/22 .
characteristic capita)
Governor's political .
Governor party  party affiliation Pre-COVID 1/1/20 - Igg(cumulatlve
o . state None infections per NA Harvard Dataverse
affiliation (Republican/Democrat), - 2/15/22 .
characteristic capita)
2019
o)
% of the vote t.hat went Pre-COVID log(cumulative
Vote share for the Republican . 1/1/20 - . .
. . . state Normalize infections per NA Harvard Dataverse
(2020) presidential candidate characteristic 2/15/22 capita)
in 2020 P
Interpersonal Most people can be Pre-COVID . 1/1/20 - I.og(curnulatlve 2016/201?3 Cooperajuve
trust trusted state Normalize 2/15/22 infections per NA Congressional Election
characteristic capita) Survey (CCES)
A lot or moderate Pre-COVID 1/1/20 - log(cumulative 2018 Cooperative
Trustinscience amount of trust in the state Normalize infections per NA Congressional Election
. . - 2/15/22 }
scientific community characteristic capita) Survey (CCES)
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Always or almost

- D i 2016/201 i
Trust in always trust the federal Pre-COVI . 1/1/20 - Igg(cumulatlve 016/20 8 Cooperajclve
state Normalize infections per NA Congressional Election
government government to do what - 2/15/22 .
o characteristic capita) Survey (CCES)
is right
First principal
component of a PCA of
the following variables:
mask mandates, stay-
at-home orders, mean(log(daily population
4/1/20 -
Mandatt'e restaurant closu.res, bar COVID policy None /1/20 infections per density + Constructed
propensity closures, gathering 6/1/21 . S
. . capita)) comorbidities
restrictions, primary
school closures, higher
education closures, and
gym/pool/leisure
closures.
0, 1 .
:)ngr (i?sy:ir?wirln(egr::j 4/1/20 - mean(log(daily leave-one-out COVII?19StatePO|Icy.Org;
Mask mandates - o) P _ COVID policy None infections per Christopher Adolph,
with a mask mandate in 2/15/22 capita)) mandate PCA Kenya Amano, Bree
effect Bang-Jensen, Nancy
% of days during the mean(log(dail Fullman, John
Stay at home analysis time period ) 4/1/20 - . OBLAAY o ave-one-out Wilkerson. 2021.
. COVID policy None infections per "pandemic Politics:
orders with a stay-at-home 2/15/22 it mandate PCA andemic Politics:
order in effect capl a)) Timing State-Level
% of days during the Social Distancing
analysis time period Reiponses to COVID-
with restrictions in mean(log(dail 19" _ Journz.a\l of Health
Gathering place for indoor COVID polic None 4/1/20 - infectioﬁs ery leave-one-out POI't'FS’ Policy and Law;
restrictions gatherings of 50 people poticy 2/15/22 P mandate PCA Christopher Adolph,

or more and outdoor
gatherings of 100
people or more

capita))

Kenya Amano, Bree
Bang-Jensen, Nancy
Fullman, Beatrice
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% of days during the
analysis time period

mean(log(daily

Magistro, Grace Reinke,
Rachel Castellano,

:;;::32; school with primary schools COVID policy None gﬁ,{'j(z)z- infections per Ir?qzvned-;):eel;%l: M.egan Erickson, J“ohn
mandated shut for in- capita)) Wilkerson. 2021. "The
person activities Pandemic Policy U-Turn:
% of days during the Feath, n Race

Higher it nigher efucator arjp0-  TEANUOBEEY o oo Fase

education institutions mandated COVID policy None 2/15/22 infections per mandate PCA 'COVIP-19 Sc-)c-lal ;

closures s capita)) Distancing Policies in
shut for in-person the United States."
activities Perspectives on Politics.

Vaccine History of COVID log(cumulative

mandates vaccine mandate for COVID policy None 1/1/20 - infections per leave-one-out Kaiser Family

(school school employees 2/15/22 . mandate PCA Foundation

employees) (Yes/No) capita)

Vaccine History of COVID log(cumulative

mandates vaccine mandate for COVID policy None 1/1/20 - infections per leave-one-out Kaiser Family

(state state employees 2/15/22 . mandate PCA Foundation

employees) (Yes/No/Partial) capita)

First principal
component of a PCA of
the following variables:
mask mandates, stay-
M at-home orders, mean(log(daily population
andatt.a restaurant cIosu'res, bar COVID policy None 4/1/20 - infections per density + Constructed
propensity closures, gathering 6/1/21

restrictions, primary
school closures, higher
education closures, and
gym/pool/leisure
closures.

capita))

comorbidities
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Average proportion of

mean(log(daily

Mask use the population who COVIP None 4/1/20 - infections per NA IHME COVID-19
always wear a mask behavior 2/15/22 . database
. capita))
when leaving home
Google Global COVID-19
Community Mobility
Report; Apple Inc.
COVID-19 Mobility
y Averagg daily r.e‘Iatlve CoVID 4/1/20 - mean(!og(dally Trends Repgrt; United
Mobility change in mobility from . None infections per NA States Mobility Changes
. . behavior 2/15/22 . .
pre-pandemic baseline capita)) in Response to COVID-
19 2020 - Descarte Labs;
United States SafeGraph
Social Distancing
Metrics 2020.
Fully vaccinated
person-days per total
person-days, where
. fully vaccinated is CoVID 4/1/20 - mean(log(daily IHME COVID-19
Vaccine uptake defined as receiving 2 . None infections per NA
behavior 2/15/22 . database
doses of a two-dose capita))
regimen or a single
dose of a one-dose
regimen
. Cumulative infections COVID Log, 4/1/20 - mean(!og(dally IHME COVID-19
Infections . . infections per NA
per capita outcomes Normalize 2/15/22 . database
capita))
Cumulative deaths per CoVID Log, 4/1/20 - mean(log(daily IHME COVID-19
Deaths . . infections per NA
capita outcomes Normalize 2/15/22 . database
capita))
R Age-standardised CoVID Normalise 4/1/20 - T;:Et(:gida;'ry \A IHME COVID-19
Infection-fatality rate outcomes 2/15/22 P database

capita))
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Cumulative mean(log(daily

CovID 4/1/20 - infections per NA

e e . IHME COVID-19
Hospitalisations hospitalisations per Normalize
capita capita))

outcomes 2/15/22 database
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3.6 Dependent variables by state

Standardised cumulative infection and death rates, relative reduction in cumulative GDP and employment, and change in fourth-grade math and reading test scores

for 50 US states and Washington DC

40

Standardized Standardized Cumulative GDP Cumulative . .
. . . . Change in 4th Change in 4th
cumulative cumulative relative to employment relative .
. ) grade reading grade math
infection rate, death rate, expected to expected
State . . scores (Fall scores (Fall
per 10,000 (Jan per 100,000 cumulative GDP cumulative 2019 to fall 2019 to fall
1, 2020 - Dec (Jan 1, 2020 - (Jan 1, 2020 - employment (Jan 1, 2022) 2022)
15, 2021) July 31, 2022) July 31, 2022) 2020 - July 31, 2022)
Alabama 5554 429 0.99 0.97 1.57 0.39
Alaska 4668 443 0.94 0.94 -0.54 -6.39
Arizona 4342 581 0.99 0.99 -0.36 -5.63
Arkansas 4918 400 1.01 0.99 -3.10 -5.11
California 3179 418 0.95 0.95 -2.09 -4.36
Colorado 4841 473 0.95 0.97 -2.01 -5.70
Connecticut 3662 293 0.96 0.95 -5.20 -6.90
Delaware 3979 311 0.93 0.96 -9.39 -13.74
District of Columbia 3869 526 0.97 0.91 -7.53 -11.99
Florida 5757 313 1.00 0.98 0.03 -5.13
Georgia 5453 447 0.96 0.98 -2.10 -2.74
Hawaii 1525 147 0.91 0.89 1.29 -2.07
Idaho 6246 469 1.00 1.02 -7.62 -5.70
Illinois 5748 342 0.98 0.95 -0.39 -0.32
Indiana 4278 332 0.98 0.97 -4.45 -5.73
lowa 5939 344 0.95 0.96 -2.48 -0.86
Kansas 4616 371 0.98 0.96 -4.45 -4.41




Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island

South Carolina

5685

4785

2914

4224

3707

5395

4826

5425

5227

5215

5883

5082

3453

4893

5014

4916

5070

4626

6472

5041

2878

5057

3666

5060

341

385

218

285

355

326

342

488

342

420

298

453

215

370

521

325

348

328

293

412

330

297

321

415

0.96

0.93

1.00

0.96

0.98

1.00

0.96

0.99

0.97

1.02

0.97

0.93

1.05

0.96

0.91

0.96

0.99

0.94

0.97

0.92

0.97

0.95

1.00

0.96

41

0.97

0.94

0.96

0.95

0.94

0.94

0.94

0.98

0.97

1.00

0.97

0.96

0.96

0.95

0.95

0.92

0.99

0.95

0.95

0.96

0.95

0.94

0.95

0.97

-4.33

2.47

-8.43

-7.36

-4.29

-6.43

-6.92

-2.18

-4.64

-2.95

-3.75

-6.09

-1.72

-4.46

-5.48

-6.03

-5.15

-3.65

-3.41

-8.24

-7.41

-4.32

-2.93

0.41

-5.51

-2.73

-7.69

-9.97

-5.59

-3.95

-9.40

-7.15

-6.03

-2.59

-2.21

-6.28

-5.17

-6.70

-9.86

-9.64

-5.45

-2.85

-3.38

-7.71

-8.16

-6.40

-5.21

-2.53




South Dakota 5542 354 1.04 0.99 -3.93 -2.29
Tennessee 5634 421 1.01 0.99 -5.06 -3.35
Texas 5718 429 0.94 0.98 -1.84 -5.04
Utah 5385 467 1.00 1.01 -4.06 -4.18
Vermont 1723 249 1.00 0.93 -4.85 -4.61
Virginia 2964 336 0.98 0.96 -9.60 -10.53
Washington 3753 286 0.99 0.96 -3.00 -4.58
West Virginia 4003 322 0.96 0.96 -7.87 -5.53
Wisconsin 5911 341 0.97 0.96 -2.33 -1.41
Wyoming 6144 422 0.91 0.97 -1.90 -2.69

A summary table of key outcomes. Cumulative infection rates (January 1, 2020 — December 15, 2021) were standardised for population density.
Cumulative death rates (January 1, 2020 — July 31, 2022) were standardised for age and presence of comorbidities. Cumulative GDP and
employment (January 1, 2020 — July 31, 2022) were measured relative to their expected values, based on pre-COVID-19 trends and were
standardised to ensure each economic sector (i.e., tourism, agriculture, etc.) were equally represented in each state. Fourth-grade math and
science test scores were measured in the fall of 2019 and fall of 2022, with the change over time reported.
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3.7 Correlation among independent variables
Pearson correlation coefficients for key independent and control variables
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3.8 Reduction in economic indicators and education scores by state
Reductions in standardised GDP, standardised employment, and fourth-grade math and reading scores by
state, January 1, 2020 to July 31, 2022

A. Adjusted GDP B. Adjusted Employment

Relative reduction (%) Relative reduction (%)
90 95 100 105 90 93 96 99
C. Math, grade 4 D. Reading, grade 4

Absolute change (2019 to 2022) Absolute change (2019 to 2022)

=10 -5 0 =75 =50 -25 0.0

Each panel shows the reduction in economic indicators or education scores during the pandemic. Panel
A shows the relative reduction of state GDP after the GDP has been standardised to address states’
reliance on different economic sectors, such as tourism and agriculture. The reported relative reduction
is the value of cumulative reduction in economic production (GDP) relative to the expected economic
production based on projections from changes in standardised GDP in 2019. Panel B shows the relative
reduction of state employment count after the employment rate has been standardised to address
states’ reliance on different economic sectors. The reported relative reduction is the value of cumulative
reduction in person-days employed relative to the expected person-days employed had the
employment rates stayed constant at the 2019 rate during the pandemic. Panel C shows the absolute
reduction in the mean fourth-grade math score between fall of 2019 and fall of 2022. Panel D shows the
absolute reduction in the mean fourth-grade reading score between fall of 2019 and fall of 2022. This
figure describes changes and does not identify key association between these variables.

44



3.9 Syndemic framework for COVID-19
Syndemic framework for COVID-19: interaction of race, politics, poverty, education, trust, and access to

health-care

Panel A. Low performers

Hispanic
States with >18.7% of the population
identifying as Hispanic States with populations below
national average for non-
Hispanic Black and Hispanic,
AZ, CA, CO, ar_1d fDrme.r President Tru mp
NM. NV did not win the state during
! the 2020 General Election:
MA
Black Trump won
States with >12.1% of the P .
ulation identifying as States Trump won in the
pop 2020 presidential election

Black (non-Hispanic)

Panel B. High performers

Hispanic
States with »18.7% of the population
identifying as Hispanic States with populations below
national average for non-
Hispanic Black and Hispanic,
and former President Trump
did not win the state during
the 2020 General Election:

CT, DE, HI, MD, ME, MN, NH,
OR, PA, RI, VT, WA, WI

Black

States with >12.1% of the

population identifying as
Black (non-Hispanic)

Trump won
States Trump won in the
2020 presidential election

Panel A shows the 25 states, plus the District of Columbia, with the highest standardized cumulative
COVID-19 death rate, categorized according to the following criteria: (1) states with populations
exceeding the national value (18.7%) for percent of individuals identifying as Hispanic (2) states with
populations exceeding the national value (12.1%) for percent of individuals identifying as Black (non-
Hispanic) and (3) states where former President Trump won during the 2020 general election. Data on
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race and ethnicity were sourced from the 2020 US Census. States that are shown in bold purple text
exhibit high poverty rates, low education, low levels of interpersonal trust, and low access to quality
healthcare, defined as being in the bottom 50" percentile of states across all four metrics. Panel B
shows the same information for the 25 states with the lowest standardized cumulative COVID-19 death

rate.
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3.10 Mandate propensity

Mandate propensity is a summary measure describing a state’s usage of physical distancing and mask
mandates. It is calculated as the first component of a PCA of the following mandates: bar closures,
restaurant closures, gathering restrictions, primary school closures, higher education closures, gym
closures, mask mandates, and stay at home orders. Each mandate was expressed as the proportion of
days that the mandate was in effect during the analysis period.

Mandate propensity score by state
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Mandate Mandate
State Propensity State Propensity
Alabama 0.33 Montana 0.28
Alaska 0.16 Nebraska 0.20
Arizona 0.70 Nevada 0.75
Arkansas 0.39 New Hampshire 0.41
California 0.95 New Jersey 0.52
Colorado 0.65 New Mexico 0.86
Connecticut 0.73 New York 0.63
Delaware 0.55 North Carolina 0.67
District of Columbia 1.04 North Dakota 0.11
Florida 0.22 Ohio 0.51
Georgia 0.29 Oklahoma 0.08
Hawaii 0.83 Oregon 0.83
Idaho 0.27 Pennsylvania 0.57
Illinois 0.81 Rhode Island 0.62
Indiana 0.41 South Carolina 0.29
lowa 0.24 South Dakota 0.10
Kansas 0.24 Tennessee 0.25
Kentucky 0.54 Texas 0.47
Louisiana 0.48 Utah 0.35
Maine 0.71 Vermont 0.50
Maryland 0.48 Virginia 0.52
Massachusetts 0.75 Washington 1.01
Michigan 0.73 West Virginia 0.51
Minnesota 0.61 Wisconsin 0.28
Mississippi 0.39 Wyoming 0.38
Missouri 0.15




Section 4: Methods

4.1 Modeling COVID-19 Deaths

Daily estimates of COVID-19 deaths by state from January 1, 2020 through July 31, 2022 were retrieved
from IHME’s COVID-19 database. These estimates were based on death reporting data from Johns
Hopkins University and have been adjusted to correct for missingness and reporting lags. Mortality rates
were then adjusted to account for under-reporting by applying a scaling factor based on estimated all-
cause excess mortality, reported COVID-19 deaths, and estimated COVID-19 mortality assuming the
maximum observed infection-detection ratio (IDR). The resulting estimates reflect all COVID-19
mortality, both reported and unreported.

To account for differences in age patterns across states, we indirectly age-standardized the death rate to
the national age pattern. Estimated age-specific death proportions were based on age-specific mortality
data as published by the National Center for Health Statistics (NCHS). These proportions were applied to
the IHME’s all-age mortality estimates to generate estimates of the age-specific death counts required
to age-standardize.

We fit a series of log-linear models, regressing the logged age-standardized cumulative mortality rate
during the period January 1, 2020 to July 31, 2022 on state-level factors of interest. These factors
comprised 3 broad categories: pre-pandemic state characteristics, policies adopted by states during the
pandemic, and population-level behavioral responses to the pandemic. Section 3.1 of this appendix
describes all factors investigated in the mortality analysis, their data source, and important features of
the model.

All mortality models controlled for age and the prevalence of comorbid conditions. Age was accounted
for by age-standardizing the mortality rate, as described above. To adjust for comorbidities, we
performed a principal component analysis (PCA) to create a summary metric of seven health conditions
and risk behaviors that increase the risk of COVID-19. These conditions were age-standardized
prevalence of asthma, cancer, chronic obstructive pulmonary disease (COPD), cardiovascular disease,
and diabetes, along with body-mass index (BMI) and smoking rate. We included the first principal
component of this PCA as a covariate in all mortality models.

Additionally, all models where the factor of interest was a COVID-19 mandate (such as school closures or
stay at home orders) included a covariate to control for all other COVID-19 mandates. We used PCA to
create a summary metric of all mandates besides the factor of interest and included the first principal
component of this “leave-one-out” mandate PCA as a covariate in the regression.

For factors without daily data (all pre-COVID-19 policies, plus vaccine mandates), we defined the
dependent variable as the logged cumulative infection rate. For factors with daily data, we defined the
dependent variable as the mean of the logged daily infection rate. We specified a start date of April 1,
2020 for these models to avoid undefined values when taking the log of a 0 infection rate. The
advantages to using the mean of the logged daily mortality rate instead of the logged cumulative
mortality rate are described in Section 4.1.1 of this appendix.

To capture uncertainty associated with model inputs, we fit 100 independent models for each factor of
interest, using the 100 estimates of mortality produced by IHME for each location-day. To capture
parameter uncertainty, we generated 100 estimates of the beta coefficient by sampling from a
multivariate normal distribution where the mean was defined by the point estimates for fitted betas and
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the variance was defined by the variance-covariance matrix. Since each of the 100 draws of mortality
generated 100 draws of the beta coefficients, we generated 10,000 estimates per factor to describe the
relationship with mortality. We summarized these draws by reporting the mean value along with the
95% uncertainty interval (Ul), which is constructed from the 2.5™ and 97.5" percentile of the 10,000
estimates.

4.1.1 Dependent variable specification

Because of policy endogeneity, regressing the log of the cumulative death rate on daily mandate data
results in biased estimates of the association between mandates and deaths. Instead, specifying the
dependent variable as the mean of the logged daily death rate minimizes bias and reduces the risk of
overestimating the mandate effect on mortality. COVID-19 behaviors (mask use, mobility, vaccine
coverage) are also vulnerable to this endogeneity problem. Therefore, we used the mean of the logged
daily rate as the dependent variable specification when examining the relationship between deaths and
mandates, and between deaths and behaviors. For the same reasons, we used this approach for
infections as well.

Notation Definition
f(@i,t) Counterfactual infections at time t for location i
fG, 0 Observed infections at time t for location i
m(i, t) Fraction of mandates that are active at time t for location i
a Effect of mandate intensity on infections
T Number of days in dataset
Vi Average of log infections across time in location i
m; Average of mandate intensity across time in location i

Model derivation: Using the above notation, we consider the following model that relates mandates
and counterfactual infections (absence of mandates) to observed infections:

f(@i,t) = exp(log(@)m(i, ) f (i, t)

When m(i, t) = 0, the counterfactual infections match the observed, while for m(i,t) = 1, we have

fa0) =af@i,t)

Taking the logarithm of the observation model, we obtain
log(f(i,t)) = am(i, t) + log(f(i,t))
Adding across the time interval and dividing by total time, we obtain the model

1
ye = am; + ;Z log (£(i, )
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where y; is the average of log observed infections in location i, m; is the average mandate intensity in

location i, while the term %Ztlog (f(i,t)) is unobserved.

Regression approach: To approximate the ideal model, we consider the regression

Yi =PBo+ pim; + Z.Bjcovj
Jj

Here, B, captures the intercept, ; reflects the action of the average mandate with

1 = loga

and additional covariates Cov; capture important features that are different between locations.

4.2 Modeling COVID-19 Infections

Daily estimates of COVID-19 infections by state from January 1, 2020 through July 31, 2022 were
retrieved from IHME’s COVID-19 database. These estimates were based on case reporting data from
JHU. Estimated infection counts were intended to reflect all infections, including asymptomatic
infections and infections not confirmed by a test. To capture uncertainty, IHME generated 100 estimates
of infections for each location-day. This underlying data uncertainty was propagated throughout the
analysis as described in this section.

We fit a series of log-linear models, regressing the logged cumulative infection rate during the period
January 1, 2020 to December 15, 2021 on state-level factors of interest. As with the mortality regression
analysis, the infection analysis investigated factors falling into three broad categories: pre-pandemic
state characteristics, COVID-19 policies, and COVID-19 behaviors. Section 3.2 of this appendix describes
all factors investigated in the infections analysis, their data source, and important features of the model.

For analysis of COVID-19 infections, we selected an end date of December 2021 to deliberately exclude
the Omicron wave. Omicron’s transmissibility and immune escape produced an explosion of infections
across the entire United States, making it more difficult to discern which factors were associated with
diminished infection rates. As a sensitivity analysis, we conducted our analysis of infections for
alternative time periods (Supplementary Appendix: Section 5), including the Omicron period (defined as
December 15, 2021 to July 31, 2022).

All infection models controlled for population density because it has a direct impact on transmission yet
cannot readily be addressed by policy action. All models where the factor of interest was a COVID-19
mandate included an additional covariate to control for all other COVID-19 mandates. We used PCA to
create a summary metric of all mandates besides the factor of interest and included the first principal
component of this “leave-one-out” mandate PCA as a covariate in the regression.

For factors without daily data (all pre-COVID-19 policies, plus vaccine mandates), we defined the
dependent variable as the logged cumulative infection rate. For factors with daily data, we defined the
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dependent variable as the mean of the logged daily infection rate. We made this decision for the same
reasons as described in Section 5.1.1. For models regressing the mean of the logged daily infection rate,
we specified a start date of April 1, 2020 to avoid undefined values when taking the log of a 0 infection
rate.

To capture uncertainty associated with model inputs, we fit 100 independent models for each factor of
interest, using the 100 estimates of infections produced by IHME for each location-day. To capture
parameter uncertainty, we generated 100 estimates of the beta coefficient by sampling from a
multivariate normal distribution where the mean was defined by the point estimates for fitted betas and
the variance was defined by the variance-covariance matrix. Since each of the 100 draws of infections
generated 100 draws of the beta coefficients, the resulting analysis generated 10,000 estimates for each
factor of interest. We summarized these draws by reporting the mean value as well as the 95%
uncertainty interval (Ul), which is based on the 2.5" and 97.5™ percentile of the 10,000 estimates.

4.3 Modeling GDP

Quarterly Real GDP data by state and industry from 2018-2022 was downloaded from the U.S. Bureau of
Economic Analysis (BEA) expressed in millions of chained 2012 dollars. In order to industry-standardise
state GDP to compare across state, we generated industry weights using the Q4 2019 values. The table
below lists all 23 industries included and the associated weight. As a robustness check we compared
these weights to the average across each quarter of 2019 and found the values to be highly correlated.

The GDP data was very complete with less than 5% missingness due to disclosure suppressions or
confidential information. However, suppressed estimates were included in higher level totals. We
handled missing data through a series of imputation methods. For example, if an estimate was missing
for a particular quarter, we forward filled state fractions using historical values. If estimates were
missing across all quarters, we used the mean fraction from adjacent states. Once industry standardized,
GDP was transformed into per capita space using 2019 population estimates from the Global Burden of
Disease Study (CITE).

Our dependent variable for GDP is expressed as observed GDP relative to expected GDP over the time
period of interest. In order to generate our counterfactual of expected GDP in absence of COVID-19 we
used the average slope between 2018 — 2019 to forecast GDP through 2022. GDP was treated as a
stepwise function over time meaning for each day within a quarter, the value was constant. Ultimately,
the final variable was constructed by taking the ratio of cumulative observed GDP to cumulative
expected GDP. A value less than 100 represents a state that did not meet their expected GDP in absence
of COVID-19 while a value above 100 represents a state that had their cumulative GDP surpass the
expected GDP during the timer period of interest.

Industry National Fraction
Agriculture, forestry, fishing and hunting 0.0115
Mining, quarrying, and oil and gas extraction 0.0263
Utilities 0.0154
Construction 0.0352
Durable goods manufacturing 0.0645
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Nondurable goods manufacturing 0.0531

Wholesale trade 0.0578
Retail trade 0.0589
Transportation and warehousing 0.0293
Information 0.0665
Finance and insurance 0.0669
Real estate and rental and leasing 0.1227
Professional, scientific, and technical services 0.0811
Management of companies and enterprises 0.0229
Administrative and support and waste management and remediation services 0.0304
Educational services 0.0119
Health care and social assistance 0.0762
Arts, entertainment, and recreation 0.0107
Accommodation and food services 0.0277
Other services (except government and government enterprises) 0.0194
Federal civilian 0.0221
Military 0.0096
State and local 0.0798

4.4 Modeling Employment

Because the covid pandemic had a differential impact on different sectors of the economy, we sector-
standardised our employment measure. Sector weights were created using the U.S. employment for Q4
of 2019. As a robustness check, all 12 months of 2019 were used to create sector weights, which
resulted in nearly identical weights. Monthly, seasonally adjusted employment time series data for each
state-sector was obtained from FRED (fred.stlouisfed.org). The sectors used in our analysis were:

e Construction, Mining, and Logging
e Education and Health Services

e  Financial Activities

e Government

e Information

e Leisure and Hospitality

e Manufacturing

e Professional and Business Services
e Other Services

e Trade, Transportation, and Utilities

The employment metric used as the dependent value was constructed as follows. First, we construct the
ratio of sector-standardised employment to a counterfactual in which per-capita employment remained
constant at the average Q4 2019 level. This ratio is summed across the time period and then normalized
so that a value of 1 would indicate full employment (matching the counterfactual) across the entire time
period.
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4.5 Modeling Education

National Assessment of Educational Progress (NAEP) assessment scores were downloaded from the
National Center for Education Statistics. State level scores were downloaded for 2019 and 2022 for the
following grade and subject combinations:

e 4% grade math
e 8™ grade math
e 4™ grade reading
e 8™ grade reading

The NAEP sampling process is designed to be representative of the entire student population in the USA;
therefore we did not make additional adjustments to the reported results.

A model is estimated for each subject-grade. Our dependent variable for education is expressed as the
change in score from 2019 to 2022. The NAEP was administered between January and March in 2022.
Therefore, the midpoint of this range, February 15, 2022 was used as the end date for test score
analyses.
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Section 5: Sensitivity Analyses

5.1 Infection and death results using the logged cumulative rate as the dependent variable for all models

Panel A: Cumulative age-standardised death rate
Race/Ethnicity

Hispanic

Mon-Hispanic Asian

MNon-Hispanic Black

Mon-Hispanic White

n-Hispanic American Indian

-20 -10 0 10

Relative change (%)

Panel B: Cumulative infection rate
Race/Ethnicity

Hispanic

Nen-Hispanic Asian

Mon-Hispanic Black

Non-Hispanic White

n—-Hispanic American Indian

=10 0
Relative change (%)

10

20

—_—

Percent living below the poverty line

Income inequality

Average years of education

Paid family/sick leave

Republican governor

Percent voted for Republican Pres candidate
Health access and quality

Health spending per capita (price adjusted)
Healthcare workers per capita

Public health spending per capita {price adjusted)
Public health employees per capita

Percent without health insurance

Interpersonal trust

Trust in government

Trust in science

Percent living below the poverty line

Income inequality

Average years of education

Paid family/sick leave

Republican governor

Percent voted for Republican Pres candidate
Health access and quality

Public health spending per capita (price adjusted)
Public health employees per capita
Interpersonal trust

Trust in government

Trust in science

Pre—COVID-19 characteristics

* Mandate propensity
—
Bar closure
——
—_—— Restaurant closure
Gathering restriction
—
Primary school closure
—— Higher education closure
i Gymipool closure
—
— Mask mandate
—— Stay at home order
—— X
accine mandates (schools)
—_—
—r Vaccine mandates (state)
-20 0 20

Relative change (%)

Pre-COVID-19 charactenstics
—_— Mandate propensity
—* Bar closure
Restaurant closure
Gathering restriction
Primary school closure

—_——
Higher education closure

Gymipool closure

Mask mandate
Stay at home order

“Vaccine mandates (schools)

bt

‘Vaccine mandates (state)

-20 0 20
Relative change (%)

40

COVID-19 policy response

—
e
Mask use
—_——
——
—_— Mobility
——
——
Vaccine coverage
——
——

-100 o 100 200
Relative change (%)
COVID-19 policy response
-
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Mask use
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—-—
\accine coverage
-
-
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Relative change (%)

COVID-19 behavioral response

R R

-—

—-80 -40 1]
Relative change (%)
COVID-19 behavioral response
—-—
—_—
—_——

—100 -50 50

0
Relative change (%)

Panel A reports the relative reduction or increase in cumulative age-adjusted deaths per capita that was associated with race/ethnicity, pre-COVID-19 state
characteristics, COVID-19 policy response, and COVID-19 behavioural response. The dependent variable is specified as the logged cumulative death rate. The
cumulative death rate models control for comorbidity, constructed as the first principal component of asthma, cancer, COPD, cardiovascular disease, diabetes,
BMI, and smoking prevalence. The models assessing COVID-19 policy response (other than mandate propensity) also include an additional control variable that
was the first component of all the other policy responses. These estimated associations are not reported. The reported associations for the policy response
should be interpreted as additional to the association tied to the mandate propensity variable. Panel B reports the relative reduction or increase in cumulative
infections per capita that was associated with race/ethnicity, pre-COVID-19 state characteristics, COVID-19 policy response, and COVID-19 behavioural response.
The cumulative infection rate models control for population density. The dependent variable is specified as the logged cumulative infection rate. Error bars show
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95% confidence intervals that account for death data uncertainty, and markers that are green or red are statistically significant at the 95% level. In this sensitivity
analysis, all dependent variables were specified as the logged cumulative rate. This is in contrast to the main analysis, for which models examining time-varying
factors (such as policy and behavioral response variables) employed the mean of the log-transformed daily rate as the dependent variable.
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5.2 Infection and death results using negative binomial model
Panel A: Cumulative age-standardised death rate

Race/Ethnicity Pre-COVID-19 charactenstics COVID-19 policy response COVID-19 behavioral response
Percent living below the poverty line — Mandate propensity e
Hispanic —_—— Income inequality —_—
e e . Bar closure —_—
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Paid family/sick leave ——— Restaurant closure -
i e 2 30y —_— . -
Non-Hispanic Asian ——8—— Repubiican govemnor Gathering restriction —_—
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Health access and quality —e— Primary school closure
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Non-Hispanic White I a— Public health employees per capita Mask mandate -
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Panel B: Cumulative infection rate
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Panel A reports the relative reduction or increase in cumulative age-adjusted deaths per capita that was associated with race/ethnicity, pre-COVID-19 state
characteristics, COVID-19 policy response, and COVID-19 behavioural response. The cumulative death rate models control for comorbidity, constructed as the
first principal component of asthma, cancer, COPD, cardiovascular disease, diabetes, BMI, and smoking prevalence. The models assessing COVID-19 policy
response (other than mandate propensity) also include an additional control variable that was the first component of all the other policy responses. These
estimated associations are not reported. The reported associations for the policy response should be interpreted as additional to the association tied to the
mandate propensity variable. Panel B reports the relative reduction or increase in cumulative infections per capita that was associated with race/ethnicity, pre-
COVID-19 state characteristics, COVID-19 policy response, and COVID-19 behavioural response. The cumulative infection rate models control for population
density. Error bars show 95% confidence intervals that account for death data uncertainty, and markers that are green or red are statistically significant at the
95% level. All models in this sensitivity analysis were specified as a negative binomial generalized linear model.
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5.3 Infection and death results including poverty as a control for COVID-19 policies and behaviors
Panel A: Cumulative age—standardised death rate

COVID-19 policy response COVID-19 behavioral response

—e—
-———

Mandate propensity
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Panel B: Cumulative infection rate
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Panel A reports the relative reduction or increase in cumulative age-adjusted deaths per capita that was associated with COVID-19 policy and behavioural
response. The cumulative death rate models control for poverty and comorbidity, constructed as the first principal component of asthma, cancer, COPD,
cardiovascular disease, diabetes, BMI, and smoking prevalence. Panel B reports the relative reduction or increase in cumulative infections per capita that was
associated with COVID-19 policy and behavioural response. The cumulative infection rate models control for poverty and population density. The models
assessing COVID-19 policy response (other than mandate propensity) also include an additional control variable that was the first component of all the other
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policy responses. These estimated associations are not reported. The reported associations for the policy response should be interpreted as additional to the
association tied to the mandate propensity variable. Error bars show 95% confidence intervals that account for death data uncertainty, and markers that are
green or red are statistically significant at the 95% level.
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5.4 Infection and death results including the first principal component of a PCA of all statistically significant pre-COVID-19 factors as control variables

for COVID-19 policies and behaviours
Panel A: Cumulative age—-standardised death rate
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Panel B: Cumulative infection rate
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Panel A reports the relative reduction or increase in cumulative age-adjusted deaths per capita that was associated with COVID-19 policy and behavioural
response. The cumulative death rate models control for comorbidity and statistically significant pre-COVID factors from the main analysis, constructed as the
first principal component of poverty, inequality, education attainment, health access and quality, percent of the population without health insurance, and
interpersonal trust. Panel B reports the relative reduction or increase in cumulative infections per capita that was associated with COVID-19 policy and

behavioural response. The cumulative infection rate models control for population density and statistically significant pre-COVID factors from the main analysis,
constructed as the first principal component of poverty, education attainment, existence of state-funded paid medical or family leave, health access and quality,
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interpersonal trust, and trust in science. The models assessing COVID-19 policy response (other than mandate propensity) also include an additional control
variable that was the first component of all the other policy responses. Error bars show 95% confidence intervals that account for death data uncertainty, and
markers that are green or red are statistically significant at the 95% level.
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5.5 Death results without control variables

Race/Ethnicity Pre—COVID-19 characteristics
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Figure 5.5 reports the relative reduction or increase in cumulative age-adjusted deaths per capita that was associated with race/ethnicity, pre-COVID-19 state
characteristics, COVID-19 policy response, and COVID-19 behavioural response. In this sensitivity analysis, we did not adjust for underlying comorbidities. The
models assessing COVID-19 policy response (other than mandate propensity) do include an additional covariate representing the first principal component of a
PCA of all other policy responses. Error bars show 95% confidence intervals that account for death data uncertainty, and markers that are green or red are
statistically significant at the 95% level.
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5.6 Death results with no control variables and no age standardization of cumulative death rate

Hispanic
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Figure 5.6 reports the relative reduction or increase in cumulative deaths per capita that was associated with race/ethnicity, pre-COVID-19 state characteristics,
COVID-19 policy response, and COVID-19 behavioural response. In this sensitivity analysis, we did not age-adjust the cumulative death rate and did not adjust for
underlying comorbidities or any other control variables. The models assessing COVID-19 policy response (other than mandate propensity) do include a covariate
representing the first principal component of a PCA of all other policy responses. Error bars show 95% confidence intervals that account for death data
uncertainty, and markers that are green or red are statistically significant at the 95% level.
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5.7 Death results without control variables, dependent variable specified as cumulative reported deaths per capita

Race/Ethnicity Pre-COVID-19 characteristics
Percent living below the paverty line —_—
Hispanic P Income inequality —_——
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Figure 5.7 reports the relative reduction or increase in cumulative deaths per capita that was associated with race/ethnicity, pre-COVID-19 state characteristics,
COVID-19 policy response, and COVID-19 behavioural response. In this sensitivity analysis, the dependent variable was specified as cumulative reported deaths
per capita. Additionally, we did not adjust for underlying comorbidities or any other control variables. The models assessing COVID-19 policy response (other
than mandate propensity) do include a covariate representing the first principal component of a PCA of all other policy responses. Error bars show 95%
confidence intervals that account for death data uncertainty, and markers that are green or red are statistically significant at the 95% level.
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5.8 Reporting E-Values for unmeasured confounding

We used the EVallue package in R (VanderWeele TJ, Ding P (2011). “Sensitivity analysis in observational research: introducing the E-value.” Annals of Internal
Medicine, 167(4), 268—274.) to conduct a sensitivity analysis, calculating E-values for the assessment of unmeasured confounding. E-value is defined as the
minimum association (on a risk ratio scale) that an unmeasured confounder would need to have with both the exposure and the outcome to fully explain away
the observed treatment-outcome association, conditioned on measured covariates. A small E-value indicates that only a small amount of unmeasured
confounding is needed to explain away the effect size estimate. Conversely, a large E-value indicates that a substantial amount of unmeasured confounding
would be needed to explain away the effect size estimate.

E-Values for cumulative infection rate regressions

Factor E-value
Non-Hispanic White 1.6
Non-Hispanic Black 1.6
Non-Hispanic Asian 3.1
Non-Hispanic American Indian 1.5
Hispanic 1.3
percent living below the poverty line 2.1
income inequality 1.4
health access and quality 2.4
public health employees per capita 1.2
public health spending per capita (price adjusted) 1.7
Republican governor 2.7
percent voted for Republican Pres candidate 3.6
interpersonal trust 2.2
trust in science 1.9
trust in government 1.3
paid family/sick leave 2.5
average years of education 2.2
citizen party affiliation 2.9
govt party affiliation 33
state house polarization 1.2
state senate polarization 1.2
affective polarization 1.8
economic connectedness 2.2
social clustering 1.6
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volunteering rate

mask mandate

stay at home order
restaurant closure

bar closure

gathering restriction
primary school closure
higher education closure
gym/pool closure
vaccine mandates (schools)
vaccine mandates (state)
mandate propensity
mask use

mobility

vaccine coverage

E-Values for cumulative death rate regressions

Factor

Non-Hispanic White

Non-Hispanic Black

Non-Hispanic Asian

Non-Hispanic American Indian

Hispanic

percent living below the poverty line
income inequality

health access and quality

health spending per capita (price adjusted)
public health spending per capita (price adjusted)
public health employees per capita
hospital beds per capita

ICU beds per capita

physicians per capita

healthcare workers per capita

14
2.7
13.6
2.2
1.4
2.8
3.1
2.7
1.8
3.6
4.3
3.9
1157.7
5.2
5104.8

E-value
1.7
1.9
2.5
1.6
2.1
3.1
2.1
3.0
1.7
1.3
1.3
1.6
2.2
1.7
1.8
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percent without health insurance
Republican governor
percent voted for Republican Pres candidate
interpersonal trust

trust in science

trust in government

paid family/sick leave
average years of education
citizen party affiliation
govt party affiliation

state house polarization
state senate polarization
affective polarization
economic connectedness
social clustering
volunteering rate

mask mandate

stay at home order
restaurant closure

bar closure

gathering restriction
primary school closure
higher education closure
gym/pool closure

vaccine mandates (schools)
vaccine mandates (state)
mandate propensity

mask use

mobility

vaccine coverage

2.5
2.1
2.5
2.3
1.7
1.1
14
2.5
2.2
2.5
1.1
1.2
1.8
3.0
1.6
1.8
1.1
8.2
4.7
2.3
1.6
4.4
1.2
4.5
4.1
6.3
2.1
4.5
1.3
11174.8

66



Section 6: Supplementary Results

6.1 Factors associated with age-adjusted cumulative death rates and cumulative infection rates
The below table shows relative reductions or increases in cumulative age-adjusted deaths or infections per capita that were associated with race and ethnicity
(proportions of state population), pre-COVID-19 state characteristics, COVID-19 policy responses, and COVID-19 behavioural responses. The uncertainty interval
(Ul) around the estimate accounts for uncertainty in death or infection data. The cumulative death rate models controlled for comorbidity using the first
principal component of a PCA of asthma, cancer, chronic obstructive pulmonary disease, cardiovascular disease, diabetes, BMI, and smoking prevalence. The
models assessing COVID-19 policy responses (other than mandate propensity) also include an additional control variable that was the first component of all the
other policy responses. The reported associations for the policy response should be interpreted as additional to the association tied to the mandate propensity
variable. The values shown in this table correspond with Figure 3 in the main text.

Factors associated with age-adjusted cumulative death rates and cumulative infection rates

Der{endent Factor Category Analysis Period Relative Lower Upper p-value Re.lative change expressed
Variable Change ul ul with respect to change of
Deaths  Hispanic Race/Ethnicity o ;alr]l:?;yz(z)ggo T 1138 214 2165  0.008 Té’otzsﬁfsrs;ﬁ
Deaths Non-Hispanic Asian Race/Ethnicity Ol;ir]ﬂ?;}/’zéggo i -14.27 -21.24 -6.67  >0.001 (i?OAD/:iZ;::]
Deaths Non-Hispanic Black Race/Ethnicity Ol;i?t?;?/ééggo i 9.81 0.43 20.21 0.021 (ﬁoli/!)a;:(a\éls(
Deaths Non-Hispanic White Race/Ethnicity Ol;ir]t?;?/’zéggo i -6.37 -14.17 2.11 0.070 Olcﬁo\iih\;ii\;z
oearsJorHC iy CSTSMIR0T s g am oan e
Deaths  Income inequality z;zriftve'ﬁstll? o1 ;ir]tla;yzgggo T 1159 313 2130  0.004 ' SDni:tci:)ena:leni;ZT the
oeatrs  paaomcene hoconnt? O oy s sm om e
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Percent voted for

1 SD increase from the

Deaths Republican Pres Pre—COVIE.)-1.9 01 January, 2020 - 16.83 7.08 27.48 >0.001 national mean
. characteristic 31 July, 2022
candidate
Health access and Pre-COVID-19 01 January, 2020 - 1SD increase from the
Deaths quality characteristic 31 July, 2022 -18.62 -24.51 -12.27 >0.001 national mean
Heallth spfendlng per Pre-COVID-19 01 January, 2020 - 1SD |nc.rease from the
Deaths capita (price L -5.96 -13.71 2.66 0.085 national mean
) characteristic 31 July, 2022
adjusted)
Healthcare workers Pre-COVID-19 01 January, 2020 - 1SD increase from the
Deaths per capita characteristic 31 July, 2022 /.30 -14.62 1.10 0.041 national mean
Publlc.health . Pre-COVID-19 01 January, 2020 - 1SD |nc.rease from the
Deaths spending per capita L 241 -6.24 12.10 0.300 national mean
. : characteristic 31 July, 2022
(price adjusted)
Public health Pre-COVID-19 01 January, 2020 - 1SD increase from the
Deaths employees per capita characteristic 31 July, 2022 1.53 6.56 10.44 0.364 national mean
Percent without Pre-COVID-19 01 January, 2020 - 1SD increase from the
Deaths health insurance characteristic 31 July, 2022 16.64 8.39 2584 >0.001 national mean
Pre-COVID-19 01 January, 2020 - 15D increase from the
Deaths Interpersonal trust characteristic 31 July, 2022 -12.88 -20.44 -4.45 0.002 national mean
. Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Deaths Trust in government characteristic 31 July, 2022 -0.43 -8.68 8.52 0.459 national mean
L Pre-COVID-19 01 January, 2020 - 1SD increase from the
Deaths Trust in science characteristic 31 July, 2022 -6.51 -14.81 2.40 0.072 national mean
. . Mandates never used vs
Deaths Mandate propensity COVID-19 policy 01 April, 2020 - 23.59 -9.53 70.70 0.100 mandate usage similar to that
response 01 June, 2021 .
of Washington state
COVID-19 polic 01 April, 2020 - Mandate never used vs
Deaths Bar closure poficy prit 27.88  -35.08 159.83 0.243 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
COVID-19 polic 01 April, 2020 - Mandate never used vs
Deaths Restaurant closure POTICY pri, -47.06 -90.19 192.98 0.233 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Deaths Gathering restriction COVID-19 policy 01 April, 2020 - 8.96 -36.97 89.40 0.382 mandate in effect for 100% of

response

01 June, 2021

analysis period
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Primary school

COVID-19 policy

01 April, 2020 -

Mandate never used vs

Deaths 79.68 -20.83  307.42 0.081 mandate in effect for 100% of
closure response 01 June, 2021 . .
analysis period
Higher education COVID-19 polic 01 April, 2020 - Mandate never used vs
Deaths N policy pril 1.78  -58.76 14563 0.481 mandate in effect for 100% of
closure response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Deaths Gym/pool closure COVID-19 policy 01 April, 2020 - -44.89 -88.90 187.30 0.236 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Deaths Mask mandate COVID-19 policy 01 April, 2020 - 0.54 -39.96 69.02 0.492 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Deaths Stay at home order COVID-19 policy 01 April, 2020 - -62.04 -95.16 189.81 0.181 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
Vaccine mandates COVID-19 policy 15 March, 2021 - Reference category: no
Deaths (schools) response 31 July, 2022 -29.30 -47.02 -5.85 0.009 history of mandate
Vaccine mandates COVID-19 policy 15 March, 2021 - Reference category: no
Deaths (state) response 31 July, 2022 -39.22 -54.17 -18.62 >0.001 history of mandate
. . 0% to 100% of the population
Deaths Mask use COVID-19 behavioral 01 April, 2020 - -34.09 -81.10 129.46 0.261 wears a mask every time they
response 31 July, 2022
leave the house
. . 1 SD increase from the
Deaths Mobility COVID-19 behavioral 01 April, 2020 - -1.76 -18.50 18.31 0.424 national mean change from
response 31 July, 2022 . .
pre-pandemic baseline
COVID-19 behavioral 15 March, 2021 - 0% of population vaccinated
Deaths Vaccine coverage ’ -97.42 -99.27 -90.97 >0.001 vs 100% vaccinated for entire
response 31 July, 2022 . .
analysis period
. . . - 01 January, 2020 - 0% Hispanic vs
Infections  Hispanic Race/Ethnicity 15 December, 2021 1.99 -8.65 13.73 0.358 100% Hispanic
. . S - 01 January, 2020 - 0% Asian vs
Infections Non-Hispanic Asian Race/Ethnicity 15 December, 2021 -18.20 -24.14 -11.86 >0.001 100% Asian
. . . - 01 January, 2020 - 0% Black vs
Infections Non-Hispanic Black Race/Ethnicity 15 December, 2021 5.14 -3.29 14.42 0.120 100% Black
- 0% White vs
Infections  Non-Hispanic White Race/Ethnicity 01 January, 2020 5.60 -4.50 16.81 0.141 y

15 December, 2021

100% White

69




Non-Hispanic

01 January, 2020 -

0% American Indian vs

Infections American Indian Race/Ethnicity 15 December, 2021 3.80 -4.80 1314 0.1% 100% American Indian
. Percent living below Pre-COVID-19 01 January, 2020 - 1SD increase from the
Infections the poverty line characteristic 15 December, 2021 10.96 1.93 2093 0.007 national mean
. . . Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections Income inequality characteristic 15 December, 2021 2.39 -5.98 11.58 0.295 national mean
. Average years of Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections education characteristic 15 December, 2021 11.29 18.98 3.02 0.004 national mean
. . . . Pre-COVID-19 01 January, 2020 - Reference category:
Infections Paid family/sick leave characteristic 15 December, 2021 -13.43 -22.83 -3.02 0.008 no leave
. . Pre-COVID-19 01 January, 2020 - Reference category:
Infections  Republican governor characteristic 15 December, 2021 17.48 -0.93 39.79 0.067 Democrat
Percent voted for 1 SD increase from the
Infections Republican Pres Pre—COVII?-1'9 01 January, 2020 - 27.08 17.33 37.72  >0.001 national mean
. characteristic 15 December, 2021
candidate
. Health access and Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections quality characteristic 15 December, 2021 -12.51 -19.74 -4.68  >0.001 national mean
. Publlc.health ‘ Pre-COVID-19 01 January, 2020 - 1SD mc.rease from the
Infections  spending per capita .. -5.95 -13.82 2.56 0.082 national mean
. . characteristic 15 December, 2021
(price adjusted)
. Public health Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections employees per capita characteristic 15 December, 2021 0.74 8.84 8.33 0.427 national mean
. Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections  Interpersonal trust characteristic 15 December, 2021 -10.51 -17.66 -2.78 0.005 national mean
. . Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections  Trust in government characteristic 15 December, 2021 -1.50 -9.90 7.72 0.375 national mean
. N Pre-COVID-19 01 January, 2020 - 1 SD increase from the
Infections  Trust in science characteristic 15 December, 2021 -8.00 -15.14 -0.49 0.019 national mean
. . Mandates never used vs
Infections Mandate propensity COVID-19 policy 01 April, 2020 - -36.27 -52.66 -14.55 0.002 mandate usage similar to that
response 01 June, 2021 -
of Washington state
COVID-19 polic 01 April, 2020 - Mandate never used vs
Infections Bar closure policy pril, -4.77 -49.19 82.79 0.437 mandate in effect for 100% of

response

01 June, 2021

analysis period
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COVID-19 policy

01 April, 2020 -

Mandate never used vs

Infections  Restaurant closure -17.57 -83.14  303.78 0.402 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Infections  Gathering restriction COVID-19 policy 01 April, 2020 - -26.06 -55.58 21.06 0.119 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
Primary school COVID-19 polic 01 April, 2020 - Mandate never used vs
Infections Y poficy prit 2947  -67.62 50.05 0.190 mandate in effect for 100% of
closure response 01 June, 2021 . .
analysis period
Higher education COVID-19 polic 01 April, 2020 - Mandate never used vs
Infections 2 policy pril 3239  -40.08 204.60 0.248 mandate in effect for 100% of
closure response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Infections ~ Gym/pool closure COVID-19 policy 01 April, 2020 - -11.35 -80.27 318.34 0.435 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Infections Mask mandate COVID-19 policy 01 April, 2020 - -24.63 -54.11 21.81 0.131 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. . Mandate never used vs
Infections  Stay at home order COVID-19 policy 01 April, 2020 - -67.32 -95.37 117.72  0.127 mandate in effect for 100% of
response 01 June, 2021 . .
analysis period
. Vaccine mandates COVID-19 policy 15 March, 2021 - Reference category: no
Infections (schools) response 15 December, 2021 -18.65 3518 1.88 0.064 history of mandate
. Vaccine mandates COVID-19 policy 15 March, 2021 - Reference category: no
Infections (state) response 15 December, 2021 -22.19 -38.24 -2.18 0.016 history of mandate
. . 0% to 100% of the population
Infections Mask use COVID-19 behavioral 01 April, 2020 - -94.60 -98.46 -81.99 >0.001 wears a mask every time they
response 15 December, 2021
leave the house
. . 1 SD increase from the
Infections Mobility COVID-19 behavioral 01 April, 2020 - 62.13 29.61 102.54 >0.001 national mean change from
response 15 December, 2021 . .
pre-pandemic baseline
. 0% of population vaccinated
Infections  Vaccine coverage COVID-19 behavioral 15 March, 2021 - -93.11 -97.74 -78.57 >0.001 vs 100% vaccinated for entire

response

15 December, 2021

analysis period
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6.2 Factors associated with reduction in standardised GDP, employment rate, and mathematics and reading test scores

The table below shows estimated associations of COVID-19 policy and behavioural responses with state GDP (sector-standardised and defined as the ratio of

expected to actual GDP) and employment per capita (sector-standardised and defined as the ratio of expected to actual employment). The GDP and

employment models control for education, proportion of the population older than 65 years, proportion of the population younger than 20 years, mean weekly
state unemployment benefits, and mean state unemployment benefit duration. The subsequent table shows estimated associations of COVID-19 policy and
behavioural responses with changes in fourth-grade mathematics and reading test scores. The values shown in these two tables correspond with Figure 7 in the

main text.

Factors associated with reduction in standardised GDP and employment rate

Relative change expressed

response

01 June, 2021

Dependent . . Relative Lower Upper ’
Variable Factor Category Analysis Period T ul Ul with respect to change of
Mandate never used vs
GDP Mask mandate COVID-19 policy 01 April, 2020 - 0.63 -2.53 3.89 mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
GDP Stay at home order COVID-19 policy 01 April, 2020 - 1.03 -9.94 13.33  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
GDP Restaurant closure COVID-19 policy 01 April, 2020 - -4.29 -12.47 4.66 mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
GDP Bar closure COVID-19 policy 01 April, 2020 - 113 -462 249  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
GDP Gathering restriction COVID-19 policy 01 April, 2020 - -0.77 -3.62 2.17 mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
GDP Primary school closure COVID-19 policy 01 April, 2020 - 2.43 202 7.10  mandate in effect for 100% of

analysis period

72




COVID-19 policy

01 April, 2020 -

2.43

-2.39

7.48

Mandate never used vs
mandate in effect for 100% of

GDP Higher education closure response 01 June, 2021 analysis period
Mandate never used vs
GDP Gym/pool closure COVID-19 policy 01 April, 2020 - 2.16 -6.29 1136  mandate in effect for 100% of
response 01 June, 2021 analysis period
GDP Vaccine mandates COVID-19 policy 15 March, 2021 - -2.48 -5.12 0.22 Reference category: no history
(schools) response 30 June, 2022 of mandate
. . . . Reference category: no history
GDP Vaccine mandates (state) COVID-19 policy 01 April, 2020 -1.85 -4.49 0.88 of mandate
response 01 June, 2021
Mandates never used vs
GDP Mandate propensity COVID-19 policy 01 April, 2020 - 0.36 -1.67 2.43 mandate usage similar to that
response 01 June, 2021 of Washington state
1% increase in coverage
GDP Federal Ul benefit duration  cCV!D-19 policy 01 April, 2020 - -3.39 -10.02  3.73 duration relative to the
response 01 June, 2021 maximum duration
: . One dollar increase in the
GDP Federal Ul benefit amount COVID-19 policy 01 April, 2020 -0.01 -0.03 0.01 mean weekly benefit amount
response 01 June, 2021 y
COVID-19 01 Aoril. 2020 - 0% to 100% of the pqpulation
GDP Mask use behavioral pril, -7.47 -18.87 5.54 wears a mask every time they
response 01 June, 2021 leave the house
COVID-19 01 Aoril 2020 - 0% ofopopula'tion vaccinatt?d
GDP Vaccine coverage behavioral prii, 7.65 -14.96 36.27 vs 100% vaccinated for entire
response 01 June, 2021 analysis period
COVID-19 01 Aoril. 2020 - 1-SD increase from the
GDP Mobility behavioral pril, 0.07 -1.92 2.10 national mean change from
response 30 June, 2022 pre-pandemic baseline
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Mandate never used vs

Employment Mask mandate COVID-19 policy 01 April, 2020 - -0.53 -2.98 1.98  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Stay at home order COVID-19 policy 01 April, 2020 - -5.67  -13.63  3.03  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Restaurant closure COVID-19 policy 01 April, 2020 - -6.74  -12.83  -0.23  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Bar closure COVID-19 policy 01 April, 2020 - 0.99 -1.80  3.86  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Gathering restriction COVID-19 policy 01 April, 2020 - -0.52 -2.78 1.78 mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Primary school closure COVID-19 policy 01 April, 2020 - 1.20 -2.27 480  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Higher education closure O V/D-19 policy 01 April, 2020 - -0.34  -406  3.52  mandate in effect for 100% of
response 01 June, 2021 analysis period
Mandate never used vs
Employment Gym/pool closure COVID-19 policy 01 April, 2020 - -409  -1026 250  mandate in effect for 100% of
response 01 June, 2021 analysis period
Emplovment Vaccine mandates COVID-19 policy 15 March, 2021 - -1.42 294 0.11 Reference category: no history
ploy (schools) response 31 July, 2022 of mandate
COVID-19 policy 15 March, 2021 - -0.29 185 1.29 Reference category: no history

Employment

Vaccine mandates (state)

response

31 July, 2022

of mandate
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Mandates never used vs

Employment Mandate propensity COVID-19 policy 01 April, 2020 - -0.59 -2.16 1.01  mandate usage similar to that
response 01 June, 2021 of Washington state
1% increase in coverage
Employment Federal Ul benefit duration  CCV/D-19 policy 01 April, 2020 - -4.13 -8.39 0.32 duration relative to the
response 31 July, 2022 maximum duration
: . One dollar increase in the
) COVID-19 policy 01 April, 2020 - -0.01 -0.02 0.00
Employment Federal Ul benefit amount response 31 July, 2022 mean weekly benefit amount
COVID-19 0% to 100% of the population
Employment Mask use behavioral 01 April, 2020 - -11.04  -18.07  -3.40  wears a mask every time they
response 31 July, 2022 leave the house
COVID-19 15 March. 2021 - 0% of population vaccinated
Employment Vaccine coverage behavioral 15 December, -2.08 -14.65 1233 vs 100% vaccinatec{ for entire
response 2021 analysis period
1 SD increase from the
0 COVII?-19 01 April, 2020 - 0.69 -0.58 1.99 national mean change from
Employment Mobility behavioral : : :
response 31 July, 2022 pre-pandemic baseline
Factors associated with reduction in standardized test scores for 4th grade mathematics and reading
Dependent . . Absolute  Lower  Upper Marginal change
N Factor Category Analysis Period TG Ul ul expressed with respect to
. . Mandate never used vs
Math score Mask mandate CO\iLDS-I(;BnS;)hcy 1§t:bprrl:gr2022%£2 -3.85 -6.92 -0.78 mandate in effect for 100%
P v of analysis period
. . Mandate never used vs
Math score Stay at home order COYLZ_?nZthy 1§1F:br)rtl;;r2022%£2 -6.93 -23.62 9.77 mandate in effect for 100%
P v of analysis period
. . Mandate never used vs
Math score Gathering restriction COVID-19 policy 01 April, 2020 - -2.80 -6.40 0.80 mandate in effect for 100%

response

15 February, 2022

of analysis period
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COVID-19 policy

01 April, 2020 -

Mandate never used vs

Math score Primary school closure -5.36 -10.98 0.25 mandate in effect for 100%
response 15 February, 2022 . .
of analysis period
. . Mandate never used vs
Math score Higher education closure COVID-19 policy 01 April, 2020 - -4.09 -11.72 3.53  mandate in effect for 100%
response 15 February, 2022 . .
of analysis period
. COVID-19 policy 01 January, 2020 - Reference category: no
Math score Vaccine mandates (schools) response 15 February, 2022 2.26 4.13 0.39 history of mandate
. COVID-19 policy 01 January, 2020 - Reference category: no
Math score Vaccine mandates (state) response 15 February, 2022 3.04 4.48 1.60 history of mandate
. Mandates never used vs
Math score Mandate propensity COVID-19 policy 01 January, 2020 - -3.68 -6.56 -0.79 mandate usage similar to
response 15 February, 2022 .
that of Washington state
o) 0,
covIb-19 01 April, 2020 - 0 ?Jf;\:?orllovsgfsf ;hn(:ask
Math score Mask use behavioral Pt -12.97 -20.98 -4.96 pop .
15 February, 2022 every time they leave the
response
house
0% of population
CoVID-19 . . o
Math score Vaccine coverage behavioral 01 April, 2020 - -31.29 -51.82 -10.77 vacqnated ve 100/’
15 February, 2022 vaccinated for entire
response . .
analysis period
COVID-19 . 1 SD increase from the
Math score Mobility behavioral 01 April, 2020 - 2.18 0.94 3.43  national mean change from
15 February, 2022 . .
response pre-pandemic baseline
. . Mandate never used vs
Reading score Mask mandate COVID-19 policy 01 April, 2020 - -1.56 -4.69 1.57 mandate in effect for 100%
response 15 February, 2022 . .
of analysis period
. . Mandate never used vs
Reading score Stay at home order COVID-19 policy 01 April, 2020 - 0.25 -16.08 16.59 mandate in effect for 100%
response 15 February, 2022 . .
of analysis period
. . Mandate never used vs
Reading score Gathering restriction COVID-19 policy 01 April, 2020 - -1.55 -5.11 2.00 mandate in effect for 100%
response 15 February, 2022 . .
of analysis period
. . Mandate never used vs
Reading score Primary school closure COVID-19 policy 01 April, 2020 - -1.66 -7.29 3.97 mandate in effect for 100%

response

15 February, 2022

of analysis period
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COVID-19 policy

01 April, 2020 -

Mandate never used vs

Reading score Higher education closure -2.07 -9.54 5.40 mandate in effect for 100%
response 15 February, 2022 . .
of analysis period
. . COVID-19 policy 01 January, 2020 - Reference category: no
Reading score Vaccine mandates (schools) response 15 February, 2022 0.75 2.65 1.16 history of mandate
. . COVID-19 policy 01 January, 2020 - Reference category: no
Reading score Vaccine mandates (state) response 15 February, 2022 1.79 3.34 0.24 history of mandate
. Mandates never used vs
Reading score Mandate propensity COVID-19 policy 01 January, 2020 - -1.60 -4.54 1.35 mandate usage similar to
response 15 February, 2022 .
that of Washington state
o) 0,
covIb-19 01 April, 2020 - 0 %ﬁ:&ioﬁgf ;hn(:ask
Reading score Mask use behavioral pril -2.79 -11.30 5.72 pop .
15 February, 2022 every time they leave the
response
house
0% of population
CovID-19
. . . 01 April, 2020 - vaccinated vs 100%
Reading score Vaccine coverage behavioral 15 February, 2022 -22.20 -42.98 -1.41 vaccinated for entire
response . .
analysis period
. - COVII?—19 01 April, 2020 - 1.SD increase from the
Reading score Mobility behavioral 0.72 -0.61 2.05 national mean change from
15 February, 2022 . .
response pre-pandemic baseline
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