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Abstract. The relationship between social determinants of health (SDoH) and health
outcomes is established and extends to a higher risk of contracting COVID-19.
Given the factors included in SDoH, such as education level, race, rurality, and
socioeconomic status are interconnected, it is unclear how individual SDoH factors
may uniquely impact risk. Lower socioeconomic status often occurs in concert with
lower educational attainment, for example. Because literacy provides access to
information needed to avoid infection and content can be made more accessible, it
is essential to determine to what extent health literacy contributes to successful
containment of a pandemic. By incorporating this information into clinical data, we
have isolated literacy and geographic location as SDoH factors uniquely related to
the risk of COVID-19 infection. For patients with comorbidities linked to higher
illness severity, residents of rural areas associated with lower health literacy at the
zip code level had a greater likelihood of positive COVID-19 results unrelated to
their economic status.
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1. Introduction

The relationship between social determinants of health and health is established. Many
studies have demonstrated the role of SDoH, especially socioeconomic status, in driving
health disparities in both acute and chronic illnesses. For example, SDoH has an
impacted incidence rate and severity for influenza [1-4] and COVID-19.[5] Education
level, race, rurality, and socioeconomic status have all been associated with COVID-19
infection likelihood.[6] Although many aspects of SDoH are intertwined with higher risk
of COVID-19, it is unclear how each factor uniquely impacts risk.

Health literacy encompasses the abilities and skills required to gather, comprehend
and apply information for health-related decisions and has been suggested as a critical
factor with regard to health outcomes. [7; 8] The global COVID-19 pandemic has made
it clear that health literacy is an essential driver of the public’s adoption of public health
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recommendations and therefore disease prevention. [9-10] Furthermore, as public health
information becomes increasingly disseminated digitally, technical or digital literacy
may also contribute to disease prevention. [11] The relationship between digital
competency, literacy, and health will need to be better understood to address infection
risk. Despite the known relationship between SDoH and health outcomes, the vast
majority of SDoH data is still not part of patients' standard data collected during the care
process. [12] For these reasons, we resolved to integrate averaged zip code geographical
data, not present in the electronic health record (EHR), with patient clinical information.
We have endeavored to examine this relationship using composite variables derived from
self-reported surveys and purchasing patterns.

2. Methods

The integrated data set was generated by appending zip level data and Rural-Urban
Commuting Area Codes (RUCA)[13] to approximately 55,000 University of Arkansas
for Medical Sciences EHR records of COVID-19 positive and negative patients with
comorbidities linked to high illness severity (e.g., diabetes, heart disease). We searched
for publicly available data, but there were no excellent surrogates for health literacy. The
patient zip code was matched to the commercially available aggregate zip code Health
Interest Index and Technology Interest indicator. Although these data points are not a
direct replacement for foundational health literacy (ability to comprehend versus health
interest) we know that seeking health information is strongly related to literacy.[14] This
relationship supports using these two index values together as a surrogate for health
literacy, and we will define these terms as equivalent in the context of this work. This
appended zip level data was selected from a national compiler of consumer data. The
compiler’s data updates monthly and comprises hundreds of different sources, including
consumer surveys, public records, purchase transactions, real estate data, offline and
online buying behavior, and warranty information.

The Health Interest Index indicates a level of interest in health (research, exercising,
better dieting, preventive care, etc.). It is ranked from 0 (lowest level of interest) to 9
(highest level of interest). For each zip code, the index values were represented by a
percentage of that population. For example, a zip code of 11111 might have 20% at the
1 level, 50% at the 5 level, and 30% at the 9 level. In reviewing the Health Interest Index
data, the 0’s comprised a large percentage of the population. The 0’s included individuals
who reflected very low interest plus individuals with not enough information to score
accurately on the level of health interest. Because of the potentially poor quality of the 0
values, these were removed from the analysis. The Technology Interest indicator is a
binary flag indicating technology adopters. The Health Literacy measure was constructed
using an overlay of the two factors by zip code and patient then was binned into upper
and lower interest groups. Both of these lifestyle factor data points were obtained from
survey data and purchasing patterns using transactional and response information from
self-reported sources.

3. Results

Comparing areas in Arkansas with a larger percentage of COVID-19 cases, we
discovered a pronounced difference between metropolitan and rural areas concerning



806 M. L. Greer et al. / COVID-19 Is Connected with Lower Health Literacy in Rural Areas

interest in health and technology. These differences were most pronounced in rural areas.
Patients residing in zip codes where there was less interest in technology and lower
interest in health showed a larger percentage of positive COVID cases. The reverse is
also true. Living in a neighborhood where typical residents had an interest in health along
with technology had fewer positive test results.

The rural residents appear from the distributions in figure 1 appear to be less health
literate in the COVID-19 positive group. To confirm the rural group's tendency to be
COVID positive when less health literate we compared the rural and metropolitan
populations. Because the data did not follow normal distribution, we used the Wilcoxon
signed-rank test. We determined that the rural distributions were statistically different
with a p-value = 0.0003924 when evaluating low health literacy rates and COVID-19 for
rural residents. This difference was true regardless of the neighborhood income level.
The surrogate health literacy variable (combined Health Interest Index and Technology
Interest Index) was not correlated with income at the zip code level.
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Figure 1. COVID-19 is more prevalant where health literacy is low in rural areas.

4. Discussion

The results above describe the relationship between zip code, attitudes towards health
and technology, and rates of COVID-19 infection. The large number of residents with
low health literacy within the COVID-19 positive rural group shown in figure 1 is
striking. Metropolitan areas were found to have higher rates of health literacy (positive
health attitudes and interest in technology) which were correlated with lower COVID-19
infection rates, even when controlling for other SDoH like socioeconomic status. The
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most unexpected result was the lack of a relationship with income; the relationship
between health literacy, interest in technology, and COVID-19 infection rates held at
every income level for all zip codes. Further study is needed to determine what
underlying factors may be the cause of these associations. Although we eliminated
income, older age and less education which are associated with rurality in the United
States these may be confounders and warrant further investigation. Importantly, the
relationship between health literacy was reflected by the EHR data only after the addition
of zip level information. This suggests that to truly understand our patients’ health
information needs, we will need to improve efforts at data collection, integration, and
management. Analysis of this data prior to the addition of surrogate health literacy values
revealed the disparity between metropolitan and rural areas for positive COVID-19
results, but with no other associations. Notably, other associations beyond health literacy
(e.g. distance to pharmacy or grocery, neighborhood violence, or number of generations
in the home) may remain obscured by a lack of information.

5. Conclusion

To understand the relationship between COVID-19 infection rates, health literacy,
interest in technology, and geographic information, we created a more comprehensive
representation of our patients. We examined in detail the relationship between the health
literacy of patients with COVID-19 compared to those with risk factors, but no indication
of infection. The integrated data returned some unexpected results, suggesting income
level alone is not necessarily associated with low health literacy and COVID-19
infection. A limitation of this study is that the data is sourced only from one hospital in
Arkansas. To confirm these results we would need an independent study in another
region. This work has provided a better understanding of factors that affect rates of
COVID-19 infection and emphasizes the importance of science communication and
public health messages to improve the public’s interest in health, especially those at
greatest risk for infection such as those in rural areas. From a data standpoint, the results
revealed the value of appended data in planning for future infectious disease, making
healthcare processes more proactive since understanding the populations we serve gives
us a better chance at delivering what they need. We believe that other relationships likely
exist but are currently going undetected and that data integration could provide a means
to identify other factors related to COVID-19, as well as other conditions. Although this
information is not available with EHR data alone, the findings can be used to place
particular emphasis on addressing health attitudes in communications with rural
residents.
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