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Low education predicts large increase in Covid-
19 mortality: The role of collective culture and
individual literacy.

ABSTRACT

Background: While many studies have found a high correlation between socio-economic inequalities
and risk of Covid-19 deaths, there is reason to believe that much of this association is the product of
differing levels of education.

Methods: We present multivariate models of fortnightly (n=60) Covid-19 deaths in 3108 US counties
for the period 20 January 2020 to 10 May 2022. We model the direct (unmediated) effect of education,
controlling for economy, race, geography, lack of vaccination, political orientation (vote Republican),
poor health, and lack of preventative health behavior.

Findings: After controlling for correlated risk factors and indirect mechanisms that mediate education's
impact on Covid-19 mortality, we find a strong direct (unmediated) correlation between low education
and Covid-19 mortality (IRR [incidence rate ratios] = 1.17; 95% CI [confidence interval]: 1.15, 1.20).
We theorize that this correlation reflects education's relationship with (1) collective cultures, such as
norms of mask wearing, and (2) individual literacy, such as ability to engage with scientific
communication.

Interpretation: Low education is strongly correlated with Covid-19 deaths, with an effect size of a
university degree comparable to that of being over 65 in age. If this correlation is indeed causal, then it
would imply that low education accounts for between 1 in 10 and 1 in 7 deaths in low education counties.
Education should be conceptualized as a potential high-risk factor for Covid-19 death, and be taken into
account when attempting to combat Covid-19 in disadvantaged communities. The effect of education
cannot be reduced to its impact on vaccination or correlation with poor health or economic status, but it
seems likely that low education communities have collective cultures that expose individuals to greater
risks, and lack of individual literacy that limits engagement with public health messaging.

Key words: Covid-19, Covid-19 mortality, Social determinants of health, Educational inequality, Health
inequality



INTRODUCTION

It is widely recognized that underprivileged communities bear an unequal burden of Covid-19 deaths.!
Explaining what aspects of these communities make them vulnerable is crucial to formulating policies
to address such inequality. This study examines the relatively neglected role of education as a predictor
of Covid-19 mortality. We present evidence, from county-level data in the United States, that the direct
(unmediated) effect of low education is a strong and independent predictor of increased Covid-19
mortality — even after controlling for other major mechanisms such as poor health status, economic status,
geography, vaccination, preventative health behavior, and political orientation. We theorize that this
strong direct effect can be explained by two unobserved mechanisms: the relationship between education
and collective culture; and the relationship between education and individual literacy.

It is widely known that low education predicts worse health outcomes.?” What is less clear is why and
how low education leads to worse health outcomes. Part of the explanation is that low education is
strongly correlated with other predictors of poor health outcomes, such as economic status, geography,
age, and race.>®17 Another part of the explanation, is that low education works through a series of
mechanisms: people with lower levels of formal education show worse health outcomes because of
greater distrust of medical professionals; lower self-awareness of personal preventive health behaviors;
and a lower sense of control over lifestyle choices.'®%

In relation to Covid-19 mortality, similar patterns are present. Low education correlates strongly with
other predictors, like economic status, and through these increases Covid-19 mortality.®202223 | ow
education also appears to drive well known risk factors for Covid-19 mortality, like low vaccination
rates.2+27

In this paper we argue that after controlling for correlated predictors (like economic status, age, race) and
known mechanisms (like vaccination, political orientation, poor health), there remains a very large
significant direct (unmediated) correlation between education on Covid-19 deaths. In arguing for this
large direct correlation between education and Covid-19 deaths, our research is in line with recent
findings of Chen et al?®. Chen et al?®® have shown that a direct effect for education on Covid-19 deaths
exists, even after controlling for age, race, sector, and geography, and have found that even after
controlling for other factors, a person without any college education (as compared to someone with some
college education) had a 3.0 to 5.7 times greater likelihood of dying of Covid-19.

This paper contributes to the literature on Covid-19 mortality by, first, providing further statistical
evidence for this strong direct (unmediated) correlation between low education and Covid-19 mortality;
and, second, providing a theory for the underlying mechanisms that explain this direct effect of low
education. We show that the direct effect of low education is comparable in effect size to that of being
aged over 65 - a known major risk factor that heavily guides public policy around Covid-19. We theorize
that the direct effect of education on Covid-19 deaths is likely driven by two main mechanisms: (1)
education's correlation with collective culture, such as norms around mask wearing, social distancing,
and compliance with isolation rules; and (2) education's correlation with individual literacy, which
impacts on ability to read, seek, and criticize new information.

In the section that follows we briefly outline previous literature on what we call the direct effect of
education on Covid-19 mortality. We organize this literature review under the two main mechanisms of
(1) collective culture, and (2) individual literacy. A simplified model of the relationship between (1) the
direct (unmediated) effect, and what we call (2) correlated predictors; and (3) indirect mechanisms is
presented in Figure 1.
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Figure 1. Theoretical model of effects of education on Covid-19 mortality

Collective culture. One potential mechanism that can explain the strong direct (unmediated) correlation
of education and Covid-19 mortality is collective culture. Collective culture can be defined as a set of
group level behaviors that constrain and guide individual action.??*% Collective culture can take the form
of a spill-over effect, where the norms of a dominant group shaping the behavior of members of non-
dominant groups immersed within the same culture.®> An example of collective culture that likely
impacts on Covid-19 deaths would be the social norm of mask wearing. The average education levels of
a community might drive such a norm of mask wearing, with high education localities showing greater
norms of mask wearing, with a spill-over effect where both low and high education individuals within
the community embracing the community norm, and thereby reducing Covid-19 mortality. There are
many studies that have found that people with higher levels of education have more positive attitudes
toward preventive health behaviors, vaccination, and scientific knowledge.?*?5% There has not, however,
been a theorizing that these attitudes will have a spill-over effect through collective culture in high/low
education communities.

Individual literacy. A second potential mechanism that can explain the strong direct correlation of
education with Covid-19 mortality is individual literacy. What we call individual literacy is the capacity
to read, seek, and criticize information for a specific purpose.’®® In the existing literature, there are
numerous examples of how higher levels of individual literacy reduces risk of Covid-19 mortality or
morbidity, with high education: (1) increasing an individual’s likelihood of seeking out appropriate
health information;3* (2) driving critical assessment of new information on preventive health behavior;*
(3) increasing understanding of how medicine and prevention work;*® and (4) correlating with better
preparation of personal protective equipment.®” We also know that certain traits associated with lower
education, such as inability to identify and critique fake news, are associated with risks of Covid-19
mortality, such as lower compliance with protective public health measures.3®3° While the idea that
individual literacy is likely a risk for Covid-19 mortality is not controversial, this paper makes a
contribution by theorizing that this is one of the two major mechanisms that explains the (unmediated)
direct correlation of education with Covid-19 mortality.

METHODS

This paper models Covid-19 mortality in 3,108 counties, over the 60 fortnights from January 20, 2020
to May 10, 2022. The models include (1) a direct (unmediated) effect for education; (2) controls for a
range of correlated predictors, such as age, race, economic status, and geography (rural area); and (3)
controls for a series of indirect (mediated) effects through which education likely drives Covid-19
mortality, namely: (a) preventative health behavior, (b) vaccination rates, (c) a political orientation



(dis)trustful of mainstream scientific medical institutions (i.e. Republican vote), and (d) poor health status.

Data

Covid-19 deaths per fortnight (dependent variable). Daily Covid-19 deaths are from the New York
Time (NYT) GitHub Center.*° They cover the period January 20, 2020, and May 10, 2022. This NYT
data combined some counties, which explains our final inclusion of 3108 counties. To smooth random
variability in daily counts, we aggregated data into 60 fortnights. We assumed zero deaths in all counties
in the period before their first reported death. There are 186,480 total observations.

Low education attainment. Educational attainment was measured with an index derived from factor
analysis (see Table 1) of four measures of educational attainment, weighted by factor loading: proportion
of county whose highest educational attainment was: ‘less than high school’, ‘high school’, ‘college and
associate's degree’ and ‘bachelor’s degree or higher’. This data came from the 2016-2020 American
Community Survey.*

Republican vote. Political views were measured with the percentage of the total votes in a county
that voted for the Republican Presidential candidate in the November 2020 election.*

Vaccination. Vaccination was measured with an index created through factor analysis of three
variables from the Centers for Disease Control and Prevention (CDC) ‘COVID-19 Vaccinations in the
United States, County’ (see Table 1).%* The index consisted of the following variables, weighted by factor
loading: percentages of the relevant sub-population of a county that (a) completed the first dose, (b)
completed the second dose, and (c) completed the booster, in every fortnight.

Preventative health behavior. Preventative health behavior was measured with an index created
through factor analysis of four variables from the Centers for Disease Control and Prevention (CDC)
‘PLACES: County Data (GIS Friendly Format), 2021 release’ (see Table 1).** The index was comprised
of the following variables, weighted by factor loading: percentages of the relevant sub-population of a
county that (a) visited a doctor for routine checkup, (b) engaged in cholesterol screening, (c) had a
colonoscopy (or similar screening), and (d) had a mammogram.

Poor health status. Six measures of poor health status were sourced from two CDC dataset ‘Heart
Disease Mortality Data Among US Adults (35+) by State/Territory and County — 2017-2019° and
‘PLACES: County Data (GIS Friendly Format), 2021 release’.***> We combined the six age-adjusted
poor health variables (heart disease mortality, smoking, obesity, less sleeping, no physical activity, and
asthma) weighted by factor loading into a poor health status index.

Demographic measures. Age, population, race, and median household income were sourced from
the ACS.*! In this paper, we use ‘% of over 65 year old’ to measure age, and ‘median household income’
to measure economic position.

Geographic location. Geographic classification of the county was sourced from the 2013 Rural-
Urban Continuum Codes from the US Department of Agriculture.*® We divided geography into three
categories (city: counties in metro areas; town: urban population of 2,500 and more, adjacent to a metro
area; rural: completely rural or less than 2,500 urban population).



Table 1. Factor loadings of items in key indexes

Index Factor
Items Loading

Low Education Attainment

Less than a high school diploma (%} 0.55
High school graduate (includes equivalency) (%) 0.73
College and associate's degree (%) -0.20
Bachelor degree or higher (%) -1.00

Poor health Status (age-adjusted prevalence)

Heart disease mortality (per 100k) 0.73
Current smoking (%) 0.88
No leisure-time physical activity (%) 0.85
Obesity (%) 0.78
Sleeping less than 7 hours (%) 0.78
Current asthma (%) 0.65

Preventative Health Behavior

Visits to doctor for routine checkup within the past year (%) 0.76
Cholesterol screening (%) 0.81
Fecal occult blood test, sigmoidoscopy, or colonoscopy (%) 0.59
Mammography use among women aged 50-74 years (%) 0.74
Vacciantion
Completed dosel (%) 0.92
Completed dose2 (%) 1.02
Completed booster (%) 0.76
Analysis

To model Covid-19 deaths per fortnight, we used three level negative binomial regression models with
random effects for both the state and county levels. We also included an offset term for county population
(10,000 population). Coefficients of negative binomial regression are presented as incidence rate ratios
(IRR). 95% confidence intervals (95% CI) are presented. Explanatory power of the models is expressed
in the (a) marginal r square; (b) conditional r square. Marginal r square expresses the explanatory power
of the fixed effects in the models (with 1 = complete explanation of outcome by predictors), while
conditional r square expresses the explanatory power of the whole models, including random effects. We
performed all statistical analysis in R 4.2.0.

All variables except the lagged dependent variable (Covid-19 deaths) were standardized with a mean of
zero and standard deviation of 1. This means that the effect sizes of each variable are interpretable from
regression models, with the coefficients representing the impact on Covid-19 deaths (or other outcomes)
from one standard deviation change in the independent variable. This is similar to what is called
Standardized Beta in linear regression.



RESULTS

Descriptive statistics

Table 2 provides the descriptive statistics of the key variables. The data are grouped according to the
quantile of low education index (Q1 = High Education; Q4 = Low Education). When compared to the
highest education quartile (Q1), the lower education quartiles (Q2, Q3, Q4) show a trend of increasing
death rates, decreasing vaccination rates, decreasing preventative health behavior, decreasing household
income, increasing poor health status, and increasing Republican vote. We can see that the death rate
(per 100k) due to Covid-19 in the lowest education quartile (Q4) is nearly twice that of the highest
education quartile (Q1): 478 deaths/100k population (Q4) versus 250 deaths/100k population (Q1).

Table 2. Descriptive statistic of main variables (grouped by low education index quartile)

Low Education Tndex (High E?llllcation) « @ (Low Eer:(:ation)
Mean Std.Dev Mean Std.Dev Mean Std.Dev Mean Std.Dev
Death Rate (per 100k)" 249.69 119.77 35578 137.49 42397  144.79 478.19  139.42
Total Deaths’ 711.47 2207.22 279.02 783.86 170.35  288.53 106.31 97.72
New Deaths per Fortnight 11.98 73.12 4.68 20.31 2.85 8.70 1.79 361
Population (100k) 2.76 6.49 0.80 2.14 0.41 0.73 0.23 021
Median Houshold Income ($1000) 69.00 20.06 55.91 9.31 51.15 8.51 43.88 8.33
Republican Vote (%) 52.87 17.10 66.81 13.31 69.28 12.77 71.21 13.70
First Vac (%) 67.66 16.08 57.85 13.18 5527 11.19 51.31 10.89
Secoond Vac (%)’ 59.71 12.95 51.60 10.59 48.80 9.85 44.79 9.39
Booster (%) 47.11 11.96 45.68 10.63 43.38 9.69 39.92 7.53
Std. Vaceination Index’ 0.15 1.15 -0.01 0.97 -0.02 0.97 -0.09 0.90
Std. Prevention Index’ 0.46 1.05 -0.14 1.11 -0.20 0.97 -0.20 0.89
Std. Poor Health Status Index’ -0.82 0.69 -0.11 0.70 -0.12 0.68 0.55 0.92

Note:

The unit of analysis for all variables is the county (n = 3.108)
1. 20 Jan 2020 - 10 May 2022

2. on 10 May 2022

3. Mean = 0: Standard Deviation = 1

Table 3 provides descriptive statistics of the dataset. On average, each county has nearly 5.3 new Covid-
19 deaths per fortnight. The variance of deaths per fortnight is extremely large, with a maximum value
of 9382 deaths in one county in one fortnight (New York, 14 April 2020). For education attainment, the
average percentage of a county’s population with a bachelor degree or higher is 22.6%. This too varies
a large amount. For example, the county (with more than 1,000 residents) with the lowest percentage
bachelor degrees is Kusilvak Census Area (Alaska), where only 3.2% of its 8,117 residents have a
bachelor degree. In contrast, the county with the largest percentage bachelor degrees is Falls Church
(Virginia), where 79.14% of its 14,185 population has a bachelor degree.



Table 3. Descriptive Statistics

Mean Std.Dev Min Max
New Deaths per fortnight 5.32 38.44 0 9382
Demography
Age 65 and over (%) 4.68 1.68 0.47 33.33
Population (100k) 10.43 35.74 0.01 1004
Median household income ($1000) 55.07 15.57 22.29 353.09
Race
White (%) 84.80 16.94 345 100
Black (%) 9.28 14.75 0 87.94
Asian (%) 1.48 3.16 0 55.72
Native (%) 2.13 8.07 0 95.19
Hispanic (%) 9.52 13.87 0 98.88
Geography (dumniy variables)
city 037 0.48 0 1
Town 0.29 0.45 0 1
Rural 0.34 0.47 0 1
Education Antainment
Less than a high school diploma (%) 12.40 0.04 1.39 78.15
High school graduate (includes equivalency) (%) 33.94 7.37 6.52 54.96
College and associate's degree (%) 31.06 5.34 5.93 81.82
Bachelor degree or higher (%) 22.60 9.69 0 79.14
Low Education Aftainment (index) 2.79 16.39 _74.87 50.86
Poor Health Status
Heart disease mortality (per 100k) 35455 84.06 0 810.5
Current smoking (%) 204 4.16 6.50 43.00
No leisure-time physical activity (%) 30.39 5.80 12.90 51.80
Obesity (%) 3578 425 16.40 51.00
Sleeping less than 7 hours (%) 36.81 3.96 25.60 49.10
Current asthma (%) 9.72 0.97 7.20 14.30
Poor Health Status (index) 365.55 71.49 85.7 720.26
Preventative Health Behavior
Visits to doctor for routine checkup within the past year (%) 74.19 3.56 60.00 82.90
Cholesterol screening (%) 83.44 241 67.20 91.00
Fecal occult blood test, sigmoidoscopy, ot colonoscopy (%) 61.97 4.45 39.80 74.40
Mammography use among women aged 5074 years (%) 70.91 3.67 54.00 81.80
Prevention (index) 213.00 8.01 175.09 23530
Vaccination
Completed first dose (%) 22.57 25.90 0 99.90
Completed second dose (%) 19.78 25.90 0 99.90
Completed booster (%) 15.16 17.63 0 97.10
Vaccination (index) 52.46 38.70 0 23837
Political View
Republican vote (%) 65.04 16.03 8.73 96.18
n(fortnights) 60
n (counties) 3,108

n (fortnight-counties) 186,480




Models of Covid-19 deaths

Table 4 presents the results from the multilevel negative binomial models of Covid-19 deaths. Model 1
is a baseline model which shows that low education significantly predicts more Covid-19 deaths (IRR =
1.34; 95% CI: 1.32, 1.36). Model 2 includes median household income, which is not a significant
predictor (IRR = 0.99; 95% CI: 0.97, 1.00). Model 3 includes all covariates and shows that (a) low
education attainment is strongly associated with more Covid-19 deaths (IRR = 1.17; 95% CI: 1.15, 1.20);
(b) median household income is not significant (IRR = 0.99; 95% CI: 0.98, 1.01); and (c) poor health
status, preventative health behavior, Republican vote, and vaccination rates all have a significant
correlationn with Covid-19 deaths.

Table 4. Multilevel negative binomial predicting new deaths per fortnight

Model 1 Model 2 Model 3
Predictors IRR 95% CI IRR 95% CI IRR 95% CI
(Intercept) 0.79 " 0.74-0.85 0.79 7" 0.74-0.85 073" 0.70-0.77
Main Variables
Low education attaimment 1347 1.32-1.36 134" 1.32-1.36 1177 1.15-1.20
Median household income 0.99 0.97-1.00 0.99 0.98-1.01
Vaccination 0.60 " 0.59 - 0.60
Poor health status 1037 1.01-1.05
Prevention 007" 0.94-1.00
Republican vote 1117 1.08-1.14
Race
White (ref.) - - - - - -
Black 1.00 0.99-1.01  1.00 098-101 110%™  1.08-113
Native .03 1.02-1.05 1037 1.02-1.04 1087 1.06 - 1.09
Asian 0.03 " 0.92-0.94 0.03 " 0.92-0.95 0.06 """ 0.94-0.97
Hispanic 005" 0.94-0.97 0.05 " 0.94-0.97 1.03 "7 1.01-1.05
Age
Age 65 and over 1157 1.13-1.17 1157 1.13-1.17 1187 1.17-1.20
Geography
City (ref.) - - - - - -
Town 108" 1.07 - 1.09 1087 1.06 - 1.09 106 1.05-1.07
Rural 1187 1.16 - 1.20 1187 1.16 - 1.20 1147 1.12-1.16
Time period
Fortnight (log) 1647 1.63 - 1.65 1647 1.63 - 1.65 204" 2.90-2.98
New deaths last fortmight 160 1.68-1.71 1607 1.68-1.71 1677 1.65-1.68
Observations 186480 186480 186480
Marginal B2 0.231 0.231 0.383
Conditional R* 0.282 0.282 0.414
Note:

*p<0.05 FE p<0.01 FHF p<0.001
All independent variables are standardlized

If the correlation of low education with Covid-19 is indeed causal, what does this imply in in terms of
human lives lost? We provide three estimates of the effect size: first, the difference in yearly deaths due
to Covid-19 for high and low education counties; second, a conservative estimate of the preventable
deaths in the lowest education counties; and third, less conservative estimate of the preventable deaths
in the bottom half of the US population (ranked by county education levels).

First, after adjusting for all other variables, we observed a difference of approximately 71 deaths per year
between counties in the highest (Q1) and lowest (Q4) education quartiles when comparing their predicted
Covid-19 mortality rates.

Second, our conservative model restricts our analysis to the 50% of counties with the lowest education
levels (where about 50 million people live), and asks what would have happened if education levels here
were the same as the median county. In this scenario, if we assume the correlations we have found are



causal, then the deaths in these counties would reduce by 32,000, saving 1 in 10 lives lost to Covid-19 in
these counties.

Third, our less conservative model restricts our analysis to the counties with the lowest education levels
where 50% of the USA population lives (around 150 million people). We ask what would have happened
to deaths if the correlation we found is causal, and these counties had education levels of one standard
deviation above the mean for the country, i.e. similar to an affluent county. In this scenario, we find that
deaths in these counties would be reduced by 107,000, saving approximately 1 in 7 lives lost to Covid-
19 in these counties.

DISCUSSION

This study presents evidence of the strong direct (unmediated) correlation of education with Covid-19
mortality. It shows that the correlation between education and Covid-19 deaths is still significant and
strong even after controlling for age, economy, geography, vaccination, poor health status, prevention,
and political vote. We put forward the theory that this direct effect of education largely operates (1)
through collective culture, where the average education levels of a country has spillover effects - both
positive and negative - to all members of the county, and (2) through individual literacy, which impacts
on an individual's ability to read, find, and criticize relevant information.

This study is a contribution to the literature, first, because it shows that education is a significant and
important correlate of Covid-19 mortality. In studies of other major social determinants of health — like
economic status, race, and geography — the importance of education has been somewhat overlooked.*™~
49 Second, we show that a significant part of education’s impacts on Covid-19 mortality is a direct
(unmediated) effect, and this correlation remains even after we control for factors like vaccination rates
and differences in health behaviors of higher and lower educated populations. Third, we present a new
theoretical perspective about the mechanisms driving this direct effect of education, arguing it is likely a
product of both collective culture and individual literacy.

If the correlations found in our models are causal, what do these results look like for specific communities
across America? We can see the differences by looking at two archetypical counties — one high in the
predictors of Covid-19 mortality, and one low in the predictors of Covid-19 mortality. Walker county in
Alabama has a population of 63,802 and only 13.4% have a bachelor degree. 446 members of this county
died of Covid-19 over the period covered by this paper, representing 0.70% of the population. In contrast,
Marin county in California has a population of 259,441 and 60.2% have a bachelor degree. 292 members
of this county died of Covid-19 over the period covered by this paper, representing 0.11% of the
population.

The major strengths of this study include its comprehensive dataset and its advanced statistics. The study
is comprehensive in that it models deaths for most of the USA and across the period from the beginning
of the pandemic until the present day. The study involves advanced modeling, including multivariate
modeling, with extensive controls for vaccination, voting behavior, prevent health, poor health, economic
position, age, race, and geography; negative binomial regression modeling; random effects for state and
country. Another strength of this study is to solve the problem of multicollinearity with creating index
and autocorrelation with statistical controls for the lagged dependent variable and time. The study tests
for direct mechanisms by which low education potentially gives rise to Covid-19 mortality after
controlling for four mediators (vaccination, voting behavior, prevent health, poor health) as indirect
effect on Covid-19 mortality.

There are some limitations of this study. First, the most important limitation of the paper is the potential
for omitted variable bias. While the dataset is longitudinal, the study is ultimately a correlational study
because of the potential for unmeasured variables to have given rise to the observed correlations found
in this study. We have tried, within the limits of our resources, to collect data for the most important
potential alternative explanations, and we have not found any that significantly changes the results of
this paper. However, the potential remains for unmeasured variables to explain the correlations presented
in this paper. For this reason, the results of our models should be taken as starting points for further
investigation of the relationship between education and Covid-19 deaths, not conclusive evidence of a
causal relationship. Second, this study uses county level data to do the analysis which might give rise to
the fallacy of inferring about individuals from collective units of analysis. Third, the deaths in big cities



are often reported as one when they covered multiple counties. Fourth, this study collects data from
diverse sources which we regard as the best sources, but we did not have oversight of their collection
and verification, so there is the potential for errors being introduced here. Fifth, there is the potential for
future studies to collect more comprehensive control variables, such as county and state level policies
like lockdown restrictions and aid packages. Finally, there is a part of the academic literature that argues
that the correlations between education and health outcomes are largely spurious, and the reason such
correlations appear is because of insufficient controls for (1) endogeneity, where healthier people are
more likely to be better educated; and (2) unobserved variables, particularly time preference or
intertemporal choice and genetic endowments which are said to predict both education and health
outcomes.”50-52

Our findings are largely consistent with, and extend, the findings of other studies. It is difficult to explain
why some studies find no effect of education on Covid-19 mortality, including those that use very similar
datasets. Despite these differences, we believe our findings are sound. With respect to studies of other
social determinants of health — such as SES, race, and geography — we believe that controls for education
might change some of the results of these studies.

For policy makers and medical professionals these findings suggest the potential need for tailored
approaches to reach low education communities with Covid-19 interventions. For policy makers, low
education — such as the percentage with bachelor degrees — could be an indicator of counties’ need for
priority Covid-19 educational and medical resources.> The findings also point to the fact that the people
most in need of medical attention around Covid-19 are likely those least in contact with the medical
system. Finding ways to reach these people seems crucial to addressing excess Covid-19 deaths and
systematic inequalities in Covid-19 mortality (Buheji et al., 2020). For medical professionals, the results
of this paper suggest ways to profile and identify patients most likely to be at risk of Covid-19. Patients
from lower education backgrounds could be prioritized for support and/or focused conversations about
healthy and safe practices to prevent Covid-19 infection and mortality.

In conclusion, we present evidence that education has a strong direct correlation with Covid-19 mortality.
We showed that if the correlations we found are causal, then even after controlling for other factors like
age, economic status, and geography around 1 in 10 to 1 in 7 of all Covid-19 deaths in “low education”
counties are directly attributed to the low education profile of their citizens. These findings show that
reaching such communities with effective support and engagement could be crucial to reducing both the
magnitude of Covid-19 mortality, and unequal distribution of the costs of this pandemic.
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Table 1. Factor loadings of items in key indexes

Index Factor
Items Loading

Low Education Attainment

Less than a high school diploma (%) 0.55
High school graduate (includes equivalency) (%) 0.73
College and associate's degree (%) -0.20
Bachelor degree or higher (%) -1.00

Poor health Status (age-adjusted prevalence)

Heart disease mortality (per 100k) 0.73
Current smoking (%) 0.88
No leisure-time physical activity (%) 0.85
Obesity (%) 0.78
Sleeping less than 7 hours (%) 0.78
Current asthma (%) 0.65

Preventative Health Behavior

Visits to doctor for routine checkup within the past year (%) 0.76

Cholesterol screening (%) 0.81

Fecal occult blood test, sigmoidoscopy, or colonoscopy (%) 0.59

Mammography use among women aged 50-74 years (%) 0.74
Vacciantion

Completed dosel (%) 0.92

Completed dose2 (%) 1.02

Completed booster (%) 0.76




Table 2. Descriptive statistic of main variables (grouped by low education index quartile)

Low Education Index (High E%ication) ¥ * (Low Ecgﬁcation)
Mean Std.Dev Mean Std.Dev Mean Std.Dev Mean Std.Dev
Death Rate (per 100k)* 249.69  119.77 355.78 137.49 423.97 144.79 478.19 139.42
Total Deaths' 711.47 2207.22 279.02 783.86 170.35 288.53 106.31 97.72
New Deaths per Fortnight 11.98 73.12 4.68 20.31 2.85 8.70 1.79 3.61
Population (100K) 2.76 6.49 0.80 2.14 0.41 0.73 0.23 0.21
Median Houshold Income ($1000) 69.00 20.06 55.91 9.31 51.15 8.51 43.88 8.33
Republican Vote (%) 52.87 17.10 66.81 13.31 69.28 12.77 71.21 13.70
First Vac (%)° 67.66 16.08 57.85 13.18 55.27 11.19 51.31 10.89
Secoond Vac (%)° 59.71 12.95 51.60 10.59 48.80 9.85 44.79 9.39
Booster (%) 47.11 11.96 45.68 10.63 43.38 9.69 39.92 7.53
Std. Vaccination Index® 0.15 1.15 -0.01 0.97 -0.02 0.97 -0.09 0.90
Std. Prevention Index’ 0.46 1.05 -0.14 1.11 -0.20 0.97 -0.20 0.89
Std. Poor Health Status Index’ -0.82 0.69 -0.11 0.70 -0.12 0.68 0.55 0.92

Note:

The unit of analysis for all variables is the county (n = 3,108)
1. 20 Jan 2020 - 10 May 2022

2. on 10 May 2022

3. Mean = 0; Standard Deviation = 1



Table 3. Descriptive statistics

Mean Std.Dev Min Max
New Deaths per fortnight 5.32 38.44 0 9382
Demography
Age 65 and over (%) 4.68 1.68 0.47 33.33
Population (10k) 10.43 35.74 0.01 1004
Median household income ($1000) 55.07 15.57 22.29 353.09
Race
White (%) 84.80 16.94 3.45 100
Black (%) 9.28 14.75 0 87.94
Asian (%) 1.48 3.16 0 55.72
Native (%) 2.13 8.07 0 95.19
Hispanic (%) 9.52 13.87 0 98.88
Geography (dummy variables)
City 0.37 0.48 0 1
Town 0.29 0.45 0 1
Rural 0.34 0.47 0 1
Education Attainment
Less than a high school diploma (%) 12.40 6.04 1.39 78.15
High school graduate (includes equivalency) (%) 33.94 7.37 6.52 54.96
College and associate's degree (%) 31.06 5.34 5.93 81.82
Bachelor degree or higher (%) 22.60 9.69 0 79.14
Low Education Attainment (index) 2.79 16.39 -74.87 50.86
Poor Health Status
Heart disease mortality (per 100k) 354.55 84.06 0 810.5
Current smoking (%) 204 4.16 6.50 43.00
No leisure-time physical activity (%) 30.39 5.80 12.90 51.80
Obesity (%) 35.78 4.25 16.40 51.00
Sleeping less than 7 hours (%) 36.81 3.96 25.60 49.10
Current asthma (%) 9.72 0.97 7.20 14.30
Poor Health Status (index) 365.55 71.49 85.7 720.26
Preventative Health Behavior
Visits to doctor for routine checkup within the past year (%) 74.19 3.56 60.00 82.90
Cholesterol screening (%) 83.44 241 67.20 91.00
Fecal occult blood test, sigmoidoscopy, or colonoscopy (%) 61.97 4.45 39.80 74.40
Mammography use among women aged 50-74 years (%) 70.91 3.67 54.00 81.80
Prevention (index) 213.00 8.01 175.09 235.30
Vaccination
Completed first dose (%) 22.57 25.90 0 99.90
Completed second dose (%) 19.78 25.90 0 99.90
Completed booster (%) 15.16 17.63 0 97.10
Vaccination (index) 52.46 58.70 0 238.37
Political View
Republican vote (%) 65.04 16.03 8.73 96.18
n(fortnights) 60



n (counties) 3,108
n (fortnight-counties) 186,480




Table 4. Multilevel negative binomial predicting new deaths per fortnight

Model 1 Model 2 Model 3
Predictors IRR 95% CI IRR 95% CI IRR 95% CI
(Intercept) 079™ 0.74-0.85 079" 0.74 - 0.85 073™ 0.70-0.77
Main Variables
Low education attainment 134 1.32-1.36 134" 1.32-1.36 117 1.15-1.20
Median household income 0.99 0.97 - 1.00 0.99 0.98-1.01
Vaccination 0.60 " 0.59 - 0.60
Poor health status 1.03™ 1.01-1.05
Prevention 097" 0.94 - 1.00
Republican vote 111 1.08 - 1.14
Race
White (ref.) - - - - - -
Black 1.00 0.99 — 1.01 1.00 0.98 — 1.01 110 ™ 1.08—1.13
Native 1.03™ 1.02-1.05 1.03™ 1.02 - 1.04 1.08 ™ 1.06 — 1.09
Asian 0.93™ 0.92-0.94 093 0.92-0.95 096 0.94-0.97
Hispanic 0.95™" 0.94-0.97 0.95™" 0.94 -0.97 1.03"7 1.01-1.05
Age
Age 65 and over 1157 1.13-1.17 1.15 ™" 1.13-1.17 118 1.17-1.20
Geography
City (ref) - - - - - -
Town 1.08 ™ 1.07-1.09 1.08 ™ 1.06 — 1.09 1.06 " 1.05 - 1.07
Rural 118" 1.16 - 1.20 1.18™ 1.16 - 1.20 114 1.12-1.16
Time period
Fortnight (log) 164 1.63 -1.65 164" 1.63 - 1.65 294 2.90 -2.98
New deaths last fortnight 1.69 " 1.68-1.71 1.69 1.68—1.71 167 1.65-1.68
Observations 186480 186480 186480
Marginal R? 0.231 0.231 0.383
Conditional R? 0.282 0.282 0.414
Note:

*p<0.05 **p<0.01 *** p<0.001

All independent variables are standardlized



Conditional model:

Estimate Std. Errcvalue b*x

(Intercer —0. 31054
loweducat 0.16021
black 0.09918
native 0.07639
asian -0. 0442
hispanic 0. 0287
“65over  0.16873
town 0. 05795
rural 0. 13108
weeklog 1. 07938
lastfortr 0.51208
mhi -0. 00698
poorhealt 0.0267
preventic —0. 03082
percent 1 0. 10486
vaccinati —0. 51262

-1.1339  1.0927

0.
. 01084
. 01152
. 00686
. 00692
. 00889
. 00735
. 00609
.00772
. 00698
. 00445
. 00768
. 00883
. 01353
. 01221
. 00431
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0.00 0

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0.00

0.00
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0.00

0.00
sum(b*x)  —0. 4922
exp (sum(t 0. 611279
offset = 10. 426
y*koffset 6.373193
death/yr 165.703
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b* (x—std) bk (x+std)
—-0. 33693 -0. 28415
-0. 16937 -0. 19395
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0 0
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0.602721 0.619958
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6. 283971 6. 463682
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2.319777 2.352714

High Educ 166 163 168
Low Educe 237 228 246
71.02709 8.88049 9. 226609
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