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ABSTRACT: A recent research focus on social determinants of health has revealed their importance in the healthcare setting.
Even prior to the COVID-19 pandemic, about 20% of United States zip codes experienced economic distress, marked by high
poverty rates and unemployment. These areas are particularly vulnerable to adverse clinical outcomes. Here, we studied clinical
outcomes of respiratory diseases in the state of Ohio, specifically COVID-19 and lung cancer, and how they were affected by social
determinants of health, specifically median county-level income. Three publicly available datasets were merged, and associations
between pairs of variables were evaluated using Spearman’s rank correlation coefficient and Student’s t-test. Our analysis found
that clinical outcomes of both respiratory diseases were significantly correlated with median county-level income (p < 0.001).
This implies that although variation between disease outcomes exists across Ohio, social determinants of health play a common,
underlying role. As a result, public health intervention across Ohio is necessary to support health equity. Similar studies should be
undertaken for other states and territories within the United States to determine the need for public health intervention across

the country.
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B Introduction

Despite significant improvements in diagnosis and manage-
ment of sub-acute and chronic diseases, there continue to be
challenges of unexplained residual risk accounting for disparate
outcomes. In recent times, community-level socioeconomic
distress has been identified as a potential driver of outcomes
following many common diseases, including common respi-
ratory illnesses like chronic obstructive pulmonary disease and
lung cancer.’” Unfortunately, a fifth of United States zip codes
currently demonstrate social and economic distress, including
high poverty rates, joblessness, and economic recession.* Mea-
sures of community distress such as low education levels, low
median household income, high rates of poverty, and air quality
are important determinants of its residents' overall health and
well-being.>® Consequently, patients with respiratory diseases
living in socioeconomically distressed neighborhoods have a
higher risk of adverse clinical outcomes.

Since 2019, the world has been dealing with the novel coro-
navirus disease 2019 (COVID-19), which predominantly
manifests with acute respiratory symptoms. Interestingly, the
aforementioned social determinants of health (SDOH) might
play a key role in determining outcomes, even considering a
relatively novel and acute disease like COVID-19. The state
of Ohio represents a bell-weather state in the USA with a
blend of socioeconomic strata, political ideologies, and urban
versus rural areas. Whereas most published research uses na-
tional-level data that potentially obfuscate associations due
to the presence of unrelated variables, such as varying culture
and diet, using state-level data permits a more reasonable as-
sumption of homogeneity with regard to cultural variables. We
hypothesized that, in the state of Ohio, there was a significant

association between household income, an important surrogate
for SDOH, and acute (COVID-19 infection) or sub-acute
(lung cancer) respiratory illnesses. Furthermore, we predicted
that higher household income would be associated with lower
COVID-19 fatality and lower incidence of lung cancer.

B Methods

Median county-level household income was used as a proxy
for social determinants of health. The severity of COVID-19
was measured by case fatality, defined as the percentage of con-
firmed cases of COVID-19 with a fatal outcome. Lung cancer
incidence was defined as the number of newly diagnosed cases
per 100,000 members of the population. The proxy variables
were chosen based on reasonable relation to the outcome we
intended to measure’ " and based on the availability of data-
sets. Association between these variables was measured with
Spearman’s rank correlation coefficient, which measures the
association between two quantitative variables based solely on
order instead of magnitude. The statistical significance of the
pairwise correlations was evaluated with Student’s t-test, which
permits statistical testing of a predetermined hypothesis. The
false-positive threshold was set to 5%, or 0.05; a two-tailed test
was used in accordance with the principle of conservatism. Al-
though relying on clinically relevant data, the study only used
publicly available and aggregated datasets. As such, it is ex-
empt from IRB approval under category 4: secondary research
of publicly available data without identifiable information.

The current study utilized 3 publicly available datasets: (1)
county-level median income, which was collected from the
United States Census Bureau; (2) county-level lung cancer
incidence, which is publicly available on the National Cancer

Institute website; and (3) county-level COVID-19 case fatality
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ratios, downloaded from Johns Hopkins University’s publicly
available repository.™* All datasets contained complete in-
formation for Ohio’s counties (n = 88) and were merged by
county name with no name conflicts or missing values. Data
manipulation, visualization, and the statistical inference were
conducted in the R programming language. The R code used
to conduct the statistical analysis for this manuscript is avail-
able via a publicly accessible GitHub code repository at the
following link: https://www.github.com/desairohan2005/
covid-lung-sdoh.
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Figure 1: Distribution of median income, COVID-19 case fatality ratio,
and lung cancer incidence in counties of Ohio. Higher (lighter color) median
county-level income (left) visually corresponds to lower (darker color)
county-level COVID-19 case fatality ratio (center) and lower (darker color)
county-level lung cancer incidence (right).

B Results and Discussion
Results:

Median county-level income across Ohio was $52,723
(IQR: 47,274-59,167). As a result, the median county-level
lung cancer incidence was 68.4 (IQR: 62.0-80.6) per 100,000
population, and the median COVID-19 case fatality ratio was
1.98% (IQR: 1.65-2.36). The distribution of the above pa-
rameters on a county-by-county basis is shown in Figure 1. A
relationship between median income (Figure 1, left) and both
of the SDOH variables (Figure 1, center and right) is visually
apparent. Specifically, counties with a higher median income
(lighter color) also have decreased COVID-19 case fatality
(darker color) and decreased lung cancer incidence (darker
color). Data for 7 counties with the highest and lowest median
income each are shown in Table 1. There also appears to be a
clear pattern within the numerical data in this table. That is,
the 7 counties with the highest median incomes tend to have
lower values for COVID-19 case fatality and lung cancer inci-
dence in comparison with the 7 counties that have the lowest
median incomes in the state of Ohio.

The patterns deduced from the figure and table were con-
firmed quantitatively. The two SDOH variables, lung cancer
incidence and COVID-19 case fatality were not significantly
correlated (r = -0.20, p = 0.1). In contrast, median income was
significantly correlated with both lung cancer incidence (r =
-0.42, p < 0.001) and COVID-19 case fatality (r = -0.49, p <
0.001). This implies that 24% of the variation in lung cancer
incidence and 18% of the variation in COVID-19 case fatality
ratio in counties across Ohio was explained by median coun-
ty income. Scatterplots of all three pairwise associations are
included as supplemental figures at https://www.github.com/
desairohan2005/covid-lung-sdoh.

Significance of Results:

‘We have demonstrated that as the median income of an Ohio
county increases, the likelihood of dying due to COVID-19
and being diagnosed with lung cancer decreases, suggesting
that SDOH plays a crucial role in clinical outcomes of 2
distinct respiratory diseases, one acute and another subacute/
chronic. Interestingly, COVID-19 case fatality and lung
cancer incidence were not significantly associated, thereby
reducing the likelihood of confounding. Previous studies have
explained how management, in addition to incidence, of lung
cancer is affected by SDOH.** We validated these studies at
the state-level and demonstrated the need for public health
intervention.

We also encourage incorporating SDOH consideration into
clinical care. This can be done qualitatively and quantitatively
within  healthcare settings. For instance, qualitative
interventions would include emphasizing health counseling
by primary care physicians. Although primary care physicians
serve large patient populations, they can focus their efforts
based on the specific SDOH vulnerabilities present in the area
they serve. On the other hand, quantitative interventions could
include the incorporation of SDOH variables into clinical
decision-support tools. In particular, risk calculators have
gained traction within clinical care. Yet, despite the clear effect
of SDOH on clinical outcomes, no risk calculators currently
use SDOH variables in predicting outcomes. Our study clearly
indicates that this is a limitation that future risk calculators
should overcome.

Table 1: Counties in Ohio with the highest and lowest median incomes
(seven of each). Corresponding values for lung cancer incidence

Rank County Median Lung Risk of lung COVID-19 Risk of
Income cancer cancer case fatality
($000s) incidence relative to fatality relative to

(per 100K) median (%) median
1 Delaware 104.3 E 0.75 0.71 0.36
2 Warren 87.1 62.9 0.92 1.24 0.63
3 Union 82.8 66.2 0.97 0.85 0.43
4 Geauga 80.0 48.0 0.70 2.20 1.11
5 Medina 74.2 56.9 0.83 1.73 0.87
6 Greene 67.1 56.5 0.83 1.62 0.82
7 Clermont 67.0 75.9 1.1 1.24 0.63
82 Highland 433 735 1.07 1.74 0.88
83 Pike 42.8 99.0 1.45 1.42 0.72
84 Morgan 423 80.5 1.18 2.20 1.1
85 Gallia 421 83.7 1.22 2.06 1.04
86 Athens 40.9 74.4 1.09 1.13 0.57
87 Scioto 39.7 88.7 1.30 1.59 0.80
88 Adams 39.1 93.6 1.37 2.25 1.14

Strengths and Limitations:

Data reliability is a strength of this study. All the data sources
were established organizations that make their data publicly
available. This not only increases data reliability by opening
it to public critique but also increases the reproducibility of
the study. Thus, researchers and reviewers of this study can
themselves replicate the results to validate quantitative outputs.
Notably, as time passes, researchers can also replicate this study
in the future to determine whether the effects of SDOH over
time are changing. This feature will be particularly useful
after implementing public health interventions to determine
whether they have had a valuable impact on healthcare
outcomes.
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A limitation of this study is the county-level aggregation.
Many SDOH studies have been conducted at the national
level, which limits their application to individual states in a
large, heterogeneous country like the United States. Although
our study limits this issue by focusing on county-level data
within a single state, counties themselves still possess a
measure of heterogeneity that is lost by aggregation. However,
this aggregation is a necessary limitation, as having less
aggregation would risk confidentiality. Additionally, publicly
available data is generally limited to county-level or zip code-
level aggregation, both of which contain group sizes of similar
magnitude.

Future Directions:

We are particularly interested in two extensions of our study.
First, this cross-sectional analysis of Ohio should be repeated
individually for other states and territories within the United
States. Given the level of funding and autonomy provided to
state governments, individual studies are warranted as public
health interventions could be more effective if customized to
target the SDOH vulnerabilities in each state. Second, this
cross-sectional analysis could be extended to a longitudinal
one. At the same time, we evaluate the association between
SDOH and clinical outcomes at a specific point in time;
these associations represent complex relationships that will
likely evolve over time due to a multitude of reasons, such as
legislative changes or public health programs. Thus, comparing
our results to the associations a few years in the future will
provide valuable insight into understanding whether health
inequity is growing or decreasing over time within the state

of Ohio..

B Conclusion

We have shown that social determinants of health are sig-
nificantly associated with respiratory disease-related health
outcomes within the state of Ohio. For example, patients di-
agnosed with COVID-19 are more likely to die because of
it when they reside in a lower-income county. Additionally,
people living in lower-income counties are more likely to be
diagnosed with lung cancer. Although the numerical results
might vary across the United States, it is likely that our results
generalize across the United States. Therefore, public health
interventions are necessary to manage the potential detri-
ment to health caused by social determinants and address
healthcare inequity.
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