




ABSTRACT
Background: Through understanding the impact of social determinants of health on health care-related costs, the potential exists to mitigate their effects and improve public health. The aim of this study was to evaluate the effects of health literacy and poverty on health care-related costs for Medicaid recipients enrolled in a managed care organization in Southwestern Pennsylvania.

Methods: Members from a managed care organization (n=93,261) were selected based on two criteria: they continuously received Medicaid benefits from April 2016 through March 2017 and they resided in Southwestern Pennsylvania, as determined by census tract. Multi-variable linear regression was used to study the relationships between poverty, health literacy, and health care-related costs (i.e. medical, pharmacy, and total health care costs) after adjusting by age, gender, comorbidities, claims related to drug-abuse, claims related to alcohol-abuse, history of suicidal ideations, and frailty related conditions. Results were presented as β coefficients and 95% confidence intervals for health literacy and poverty as they related to each type of cost.

Results:  Multiple linear regression analyses showed a negative association between poverty level and health care-related costs (i.e. as level of poverty increases, health care-related costs decrease) [total health care costs, β= -275.88, 95% CI (-465.80, -85.96); medical costs, β= -171.18, 95% CI (-285.37, -57.00); pharmacy costs, β= -83.92, 95% CI (-203.05, 35.21)]. Results showed a positive association between health literacy and all health-related costs (i.e. as health literacy increases, health care-related costs increase) [total health care costs, β= -1048.24, 95% CI (-1714.16, -382.33); medical costs, β= -586.25, 95% CI (-995.93, -176.57); pharmacy costs, β= -331.25, 95% CI (-749.00, 86.50)]. Results showed no statistically significant associations between independent variables and pharmacy costs.

Conclusions: Results from this study suggest that as health literacy improves or poverty decreases, health care-related costs increase. These results are not consistent with previous studies. Future studies are needed to better understand the associations between social determinants of health and health care-related costs. The results of this study and findings from previous studies can help to better inform managed care organizations and policy makers to aid in implementing preventative measures and interventions which could improve public health.
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1.0  
Introduction

1.1 Background

1.1.1 Definition of Social Determinants of Health

In the United States, debates rage about what is most important for keeping people healthy. Completing a quick internet search provides various lists of things that a person can change about their lifestyle to become healthier such as physical activity, healthy diet, or improving sleep quality and quantity 


(1-4) ADDIN EN.CITE . However, there are other factors that people cannot control which can also affect health negatively. Examples of these include environmental influences that can be either physical or social. Such influences are called social determinants of health (SDOH). Social determinants of health are conditions of the environment surrounding a person, such as where they were born, live, or work that can result in disparities of health 
 ADDIN EN.CITE 
(5)
. 
1.1.2 Social Determinants of Health

The Healthy People 2020 initiative breaks down social determinants of health into five categories: economic stability, education, social and community context, health and health care, and neighborhood and built environment (6). Each category takes into account a different subset of factors in an attempt to better explain how a person’s health can be impacted by them. 
Economic stability encompasses determinants such as poverty, employment status, and housing instability (6). Poverty is a wide-reaching force that impacts a large percentage of the population. In 2016, there were approximately 40.6 million people in the United States (i.e. a rate of 12.7%) that lived in poverty (7). As an individual’s economic status becomes less secure the ability to pay for treatment in times of medical need becomes difficult, which can result in worse health outcomes (8). However, the connection between health and economic stability does not merely end with a person’s inability to pay for medical bills. There have been links drawn between impoverishment itself and worse health outcomes like higher body mass index (BMI) and higher risk of mortality. Adults who lived in lower income neighborhoods have been found to have higher BMI and a lower physical quality of life than comparable adults in higher income neighborhoods (9). Previous studies have also shown that as an individual’s income decreases, their risk of mortality increases (10). Housing instability has been shown to have numerous impacts on health outcomes. Kushel et al. found that those with housing instability were less likely to have a regular primary care physician, more likely to put off needed medical care or medications, and were more likely to visit an emergency room (11). It was also noted by Rosenheck and Seibyl that homelessness, and the related state of poverty, is associated with higher health care-related costs, especially in terms of mental illness (12).
 Education is the category of SDOH which includes determinants like high school graduation and general literacy (6). Understanding the relationship between education and health can be difficult. Evidence shows that education can act as a predictor for health outcomes. Specifically, it has been shown that lower levels of educational attainment are associated with higher rates of risky behaviors (e.g. smoking) which can impact health. Previous studies assessing smoking rates among US adults have shown that as the level of education increases the prevalence of smoking decreases 
 ADDIN EN.CITE 
(13, 14)
. In addition, smoking cessation rates were higher in those who achieved a higher level of education 
 ADDIN EN.CITE 
(13, 14)
. Previous studies have also shown that individuals who received less than a high school education have higher incidence of lung cancer and other tobacco related cancers than those with a college education 
 ADDIN EN.CITE 
(15, 16)
. Results from previous studies suggest that the association between health and education operates in both directions. Basch suggests that health outcomes, such as chronic diseases or teen pregnancy, can negatively impact education (17). This is thought to be due to lower attendance and difficulty paying attention in school, which can perpetuate this vicious cycle (17). 
General literacy is the level at which an individual can read and comprehend written material encountered on a daily basis. As of 2003, the National Assessment of Adult Literacy (NAAL) from the National Center for Education Statistics estimates that, on average, roughly 12% of the United States population does not possess basic literacy skills (18). Individuals lacking basic literacy skills, as defined by this national assessment, would be unable to find easily identifiable information written in English and would not be able to interpret simple charts or forms (19). This lack of comprehension makes it difficult to navigate an individual’s environment.
Determinants which fall into the social and community context category include discrimination and incarceration rates (6). Incarceration has been shown to negatively impact health in many ways including higher rates of drug abuse and death after release from prison, and an increased risk of both infectious and chronic diseases. Drug related mortality has been shown to be nearly seven times higher in the weeks following release from prison. This trend has been observed in both men and women 
 ADDIN EN.CITE 
(20, 21)
. In a study of Texas inmates, individuals in prison were found to be at significantly higher risk for infectious diseases like human immunodeficiency virus (HIV), latent tuberculosis (TB), and hepatitis C compared with those who were not incarcerated 
 ADDIN EN.CITE 
(22, 23)
. Another study has shown that inmates in the United States were more likely to ever report having a chronic or infectious disease than the general population (24).
Health and health care determinants include access to any form of health care, and health literacy (6). Health literacy is the social determinant of health which describes how well an individual can understand topics related to health and communicate in an increasingly complex health care system (25). An individual who has a better comprehension of health care and its intricacies often will have better health outcomes when compared to a person who is less knowledgeable. That is, those who are more health literate are able to understand medical advice and follow treatment directions better than those who are not as well-versed in the information 
 ADDIN EN.CITE 
(26, 27)
. Examples of adhering to medical advice include being able to follow prescription directions or taking preventative measures, such as visiting a primary care physician. Lower health literacy has also been shown to be associated with poor health outcomes, such as inferior dental hygiene, obesity, and increased risk of hospital admission 
 ADDIN EN.CITE 
(28-30)
. Previous studies have also shown an association between higher health literacy and lower medical costs. Studies that assessed Medicaid and Medicare beneficiaries have shown that individuals who possess lower health literacy skills accumulated higher medical costs than those with adequate health literacy  
 ADDIN EN.CITE 
(27, 31)
.
Many adults in the United States are negatively impacted by low health literacy. The NAAL evaluation has also assessed the proficiency of adults in the United States in terms of health literacy. It was determined that only 22% of the population had basic health literacy, and an additional 14% had below basic comprehension in terms of health literacy (32). The NAAL measured health literacy by having an individual read a short paragraph in English which contained medical advice. The participant was then asked to describe what medically pertinent information was given in the passage, like what a patient is allowed to consume before surgery. The participant’s ability to complete this task determined their health literacy level (19).
The last category of social determinants of health designated by Healthy People 2020 is neighborhood and built environment which includes factors like crime rates, food deserts, and availability of public transportation (6). The determinants which fall into this category impact health by preventing individuals from leading healthier lives due to the safety of neighborhoods, convenience and availability of healthy foods, or limited access to services due to the routes of public transportation. Studies have shown that perceived crime in an individual’s neighborhood has been negatively associated with physical health and mental health 
 ADDIN EN.CITE 
(9, 33)
. Perceived crime in a neighborhood might prevent individuals from being physically active outside, which can lead to higher BMI and poorer health outcomes (9). The Center for Disease Control (CDC) defines food deserts as areas in which there is limited access to healthy food options like fresh fruit and vegetables that are necessary for a complete diet (34). This often is caused by a lack of access to grocery stores or other alternatives for purchasing these healthy foods. With limited access to affordable, healthy foods, individuals may find it more difficult to consume a healthy diet which could result in negative health outcomes (34). The issues associated with food deserts in the United States are particularly felt by those who do not have access to a personal vehicle. If an individual does not have a car, they are limited to stores within walking distance that may not stock the most healthy options (35).
Each of these categories represents a different aspect of the concept of social determinants of health and how they can impact populations. These categories were separated for the purpose of better conceptualizing them and how they can influence an individual’s health. In addition, these categories could aide decision makers in government agencies, or health care providers, understand where the biggest impacts can be made through addressing certain social determinants of health. 
Even though the distinction between different SDOHs is useful for comprehension and goals for the Healthy People 2020 initiative, there is overlap between the categories. Examples of this interplay between social determinant of health categories include earning a higher income if an individual graduates high school and the subsequent access to health care. As of April 2017, individuals aged 25-34 who earn a high school diploma are projected to make $5,000.00 USD per year more from full time work compared to those that have not graduated from high school (36). This increase in earnings can be used to afford necessary medications or to pay for health insurance which could result in better health. With such complex social determinants of health and their interactions, efforts have been made at multiple levels of society to lessen their burden in an attempt to place individuals on equal footing, in terms of health.
1.1.3 Example of Social Determinants of Health

The effects of these social determinants of health become apparent when observing health outcomes that vary by neighborhood within the same city, as they can change in the span of a few city blocks. For example, a report from The Joint Center for Political and Economic Studies in New Orleans (Louisiana) found that life expectancy at birth, can range from 55 to 80 years, a difference of 25 years, depending on the part of the city in which a child is born (37). There may be nothing diverse enough about the people living in different areas to account for this large disparity in life expectancy, except for the neighborhoods in which they live. In the case of the suburbs of New Orleans, the area with the lowest life expectancy was disproportionately affected by negative social determinants of health. The report also showed that the neighborhood with the projected life span of only 55 years was the most impoverished neighborhood in the city, had consistently higher crime rates, and had one of the lowest rates of high school graduation in the New Orleans area (37).

Previous studies have shown that a difference of only a few miles dramatically changes the projected life expectancy of a population as a result of SDOHs, but it is difficult to determine whether one social determinant of health alone accounts for this huge disparity. It is more likely that a complex interaction of these factors influences the large difference in life expectancy not only seen in New Orleans, but in many other large cities across the United States (37). This difference in life expectancy that varies by socioeconomic status (SES) is consistent with previous studies that have shown that the gap is still widening according to US mortality data 
 ADDIN EN.CITE 
(38-40)
. In addition to SES, life expectancy gaps have been observed between education levels, between rural and urban areas, and between different races in the United States 
 ADDIN EN.CITE 
(41-43)
.

Social determinants of health impact many aspects of an individual’s life. Because of the breadth of their influences overlapping with one another, there is rarely a single determinant which causes a disparity in health. Instead, there is usually an intricate web of interactions that exist between them which makes establishing causality difficult. In addition to the impact on physical health by SDOHs, an effect can also be seen in areas related to health outcomes like health care-related costs. It has been shown in previous studies that higher levels of poverty and lower levels of health literacy are associated with higher health care-related costs 
 ADDIN EN.CITE 
(12, 27, 31)
. This illustrates another dimension of how determinants impact populations. Social determinants of health are as varied as the populations they influence. Because of this, their study, and the interventions created to lessen the resultant burden, must be just as diverse.

1.1.4 Efforts to Mitigate SDOH Effects

Evidence has shown that the disparities in health, which are associated with SDOH, could be mitigated through the institution of government policies, company-wide changes, or local smaller-scale interventions 
 ADDIN EN.CITE 
(44-48)
. Governments at the federal, state, and local levels, have put in place laws which have impacted social determinants of health in the past, in attempts to influence the associated disparities. One example of a government level policy which impacted SDOHs was the institution of Medicare and Medicaid in the Social Security Act. Through this law, state and federal governments improved access to health care by providing coverage for low income individuals and their families (49). It was reported by Donabedian (1976), that shortly after the Social Security Act was signed into law, utilization of medical care (e.g. visits per year and number of visits) across all income groups increased (50). Later, the expansion of Medicaid also increased the reach of this program to give more Americans health care coverage under the Affordable Care Act (51). 
There is also evidence that government funding for education has the potential to decrease poverty in certain areas of the United States (52). A study by Jung and colleagues explored the effects of government funded education as a way to reduce poverty rates in the Southern United States. They found that as funding for education increases, there was an associated decrease in poverty in that area and the surrounding counties (52). Another study by Costello and colleagues also described an example of a policy that provided additional income to Native American families in North Carolina. In this interventional study, participants received supplemental income and preferential job placement from a casino that was built on reservation land (46). This study showed that, after four years of follow-up, the supplemental income group experienced less poverty compared to the control group (46). The children whose families were impacted by this intervention showed improvement in psychiatric health outcomes which brought them to a level comparable to those who were never impoverished (46).
Other stakeholders, such as hospital systems or health care providers, are also able to implement initiatives with the aim of assisting health illiterate populations. This has been done in the health care system through the simplification of educational pamphlets and other materials that are handed out to patients after both the Joint Commission of Accreditation of Healthcare Organizations (JCAHO) and the National Committee for Quality Assurance (NCQA) have given more attention to the issue (53). It has been estimated that the typical patient has a reading level that is roughly 5 grades below that of their highest attained educational grade (54). With this in mind, the level of language in forms utilized by hospitals and other medical outlets should be revised to better convey messages (54).
Small-scale interventions, such as educational outreach, can be carried out by community organizations to help reduce the disparities which are associated with social determinants of health. The goal of these interventions is to improve the health literacy of an individual, or community, directly instead of through wider reaching policies mentioned above. A Public Health professor at the University of Sydney, Don Nutbeam, proposed that schools and neighborhoods should have lessons focusing on health consumer topics to familiarize more people with the terminology associated with health care (55). By implementing community-based educational outreach a larger number of people, who would not have access to this knowledge otherwise, could better comprehend the health care system around them and develop skills with which to better navigate it (55). 
Similar interventions that focus on lessening poverty have also been implemented in certain communities. Duncan and colleagues proposed that children, as early as preschool-aged, can be influenced to improve SES through high-quality child care and lessons pertaining to economic decision-making. It was thought that through programs such as this, greater economic productivity can be achieved later in life which would help to decrease poverty (56). Previous studies have supported this. Reynolds et al. followed children for 19 years who received an early childhood education intervention (from preschool to third grade) from lower-income families in Chicago 
 ADDIN EN.CITE 
(47)
. The study showed that students who received the education intervention were more likely to have health insurance, had higher rates of full-time employment, and had higher levels of educational attainment compared to those that did not receive the intervention 
 ADDIN EN.CITE 
(47)
. Similar findings were also described in the Perry Preschool Study. In this study, participants were followed after receiving a preschool intervention to adulthood. Results showed that participants who received the intervention had higher employment rates, higher incomes, and had reportedly more stable housing conditions (48). Another program which aimed to mitigate poverty targeted parental employment. This program, titled “New Hope”, showed improvements to income and psychological benefits to the children from participating families 
 ADDIN EN.CITE 
(45)
.
1.2 Public Health Impact

There is much to be gained from a deeper understanding of social determinants of health and their interplay with health care costs. By studying the effects of SDOH, the potential exists to reduce them and the disparities with which they are associated, for the betterment of public health. The benefit of their reduction could be observed at both an institutional and individual level. Evidence has shown that as the disparities that result from SDOH decrease, health status improves and it is reasonable to speculate that costs associated with medical care would decrease 
 ADDIN EN.CITE 
(26-29, 31, 57)
. Health and other outcomes, such as income and educational attainment, have been shown to directly improve from the mitigation of the effects of social determinants of health as a result of interventions that target health literacy and poverty 
 ADDIN EN.CITE 
(46-48)
. Additionally, an improvement of health outcomes could be observed through fewer claims paid by health insurers, or lower health care costs direct to the person, or the families. That is, as health status improves, the patient incurs lower health care-related costs 
 ADDIN EN.CITE 
(58-60)
. 
1.3 Gap in Current Knowledge

The study of social determinants of health and their relationship to health care as a business is complex. In addition, their interactions with one another and how they can affect costs to patients relative to each other is not yet fully understood. To the best of our knowledge, little research has been completed which attempts to directly evaluate two different SDOH. That is, it is not understood if one determinant drives the increase of health care-related costs when compared to another, or if one has a greater impact on health care-related costs. This lack of assessment demonstrates a gap in the current understanding of these determinants and their relationship to health care-related costs. 
Additionally, while there is evidence supporting the association between social determinant of health improvement and better health outcomes, there have been contradicting findings describing that as a social determinant of health becomes more severe, health care-related costs decrease 


(61-63) ADDIN EN.CITE . As an example, if the individual is more impoverished they may not be willing to seek out care that he or she cannot afford, or the individual may not know to seek out necessary treatment due to lower health literacy 


(61-63) ADDIN EN.CITE .

1.4 Goal of Study

By partnering with a local managed care organization in Southwestern Pennsylvania, the goal of this work was to explore two social determinants of health, health literacy and poverty. Specifically, the goal was to evaluate the associations between health literacy and poverty with health care-related costs, and to assess if one social determinant of health was more strongly related to health-care related costs than the other. This evaluation would be helpful to better inform policy makers and those who are designing interventions to determine where the largest impact can be made. These determinants were chosen for analysis because of the large impact that they have on the population both in Pennsylvania and across the United States. As stated above, the 2016 US Census estimates that more than 12%, or roughly 40 million Americans are living in poverty. In addition, the NAAL showed in 2003 that only 22% of American adults have basic health literacy skills and an additional 14% had less than basic comprehension of health literacy concepts (7, 32). 
1.5 Hypothesis

In this study, we hypothesized that as either social determinant of health improves, (i.e. as health literacy increases or as an individual becomes less impoverished) health care-related costs would decrease. This was hypothesized due to previous research showing that as social determinants of health improve, there is the potential for lower health care costs and better health outcomes like lower rates of obesity or improved dental hygiene 
 ADDIN EN.CITE 
(8, 26-29, 31, 64)
. It was further hypothesized that an increase in health literacy would be associated with a larger impact in health care-related costs when compared to a similar decrease in poverty. Multiple studies drew connections between improving health literacy and improved health outcomes and lower health care-related costs 
 ADDIN EN.CITE 
(26-29, 31, 64)
. Even though studies have shown that lower poverty was associated with lower health care-related costs, there is a larger volume of research which supports health literacy as a more impactful determinant of health in terms of health status and related costs (8).
Through this study of how social determinants of health impact health care-related costs, the potential exists to take steps towards improving health. The knowledge gained by studying SDOH, and how they are associated with health care-related costs, could then be used to inform managed care organizations and policy makers in key positions to make upstream changes. 
2.0  Methods

2.1 Participants

Members (n=93,261) from the local managed care organization were selected to be included in this analysis based on two inclusion criteria: members must have been continuously enrolled in Medicaid insurance from this provider from April 1, 2016 through March 31, 2017. Members must also reside in Southwestern Pennsylvania, which was determined by census tract. All members who met these two criteria were included as participants in the analysis. No exclusion criteria were defined.

To qualify for Medicaid insurance from the local managed care organization the individual applying for Medicaid insurance must meet at least one of several eligibility criteria. Some examples include having a household income that is at or below 133% of the federal income poverty line, being 65 or older and blind or otherwise disabled, being part of a family that has children under the age of 21 and qualifying for Temporary Assistance for Needy Families (TANF), among other possible criteria  (65).

2.2 Independent Variables: Social Determinants of Health

Two social determinants of health, poverty and health literacy, were included in this analysis as predictor variables of interest. These variables were generated by the staff of the managed care organization and the specific process of their creation is proprietary. These variables represented proxies for the social determinants of health (i.e. poverty and health literacy). 
In brief, each variable was a composite of several factors. The health literacy variable included factors such as high school graduation rates and average reading levels among others. For poverty, the variable included factors such as, percent of vacant housing and presence of a food desert, among others. The variables created for analysis (i.e. health literacy and poverty) are represented by a score based on these factors. A higher score reflected a more severe impact of the social determinant of health on the participant. Each score was normalized around 1 to create a score which ranged from 0 to 10. 
In terms of the health literacy variable, a score of 0 should be interpreted as highly health literate. For the poverty variable, a score of 0 should be interpreted as not being impoverished at all. As either the health literacy variable or poverty variable increases, the severity of impact by the SDOH they represent on the population studied also increases. These proxy variables for health literacy level and poverty level were created at the census tract level and were then applied to each person that lived within it. 
2.3 Dependent Variables: Health Care-Related Costs

The health care-related costs were generated from claims data from the managed care organization. The total health care costs variable, the primary outcome, was computed by adding medical and pharmacy costs. The medical costs variable was obtained from claims data related to visits with physicians or hospital stays. The pharmacy costs variable was obtained from claims made to the managed care organization that were associated with prescriptions. 

2.4 Covariates

All covariates were obtained from sociodemographic information collected at the time of application to the local managed care organization for each member and from claims data. Potential confounding variables were selected based on prior research and included; gender, age, ethnicity, race, primary language spoken, total number of comorbidities, severe persistent mental illness, frailty, drug abuse related disorders, alcohol abuse related disorders, and past history of suicidal ideations 
 ADDIN EN.CITE 
(58, 59, 66-71)
. The total number of comorbidities variable was created as a sum of 65 potential diseases and conditions, and was generated by the local managed care organization. That is, this variable represented the number of potential diseases and conditions impacting the individual, and ranged from 0 to 65. The complete list of chronic diseases and conditions which were included in the creation of the total number of comorbidities variable are found in Appendix A. 

2.5 Statistical Analysis

The characteristics of study participants were presented as means and standard deviations for continuous data and as frequencies and percentages for categorical data. 
Linear regression models were used to determine the association between social determinants of health variables (independent variables: poverty or health literacy), and each of the health care-related costs (dependent variables: medical costs, pharmacy costs, and total health care costs). Backwards selection was performed to determine which covariates remained in the models. The covariate with the highest p-value greater than 0.05, was removed from the analysis. This process was repeated until all covariates were found to be statistically significant in the models for total health care costs and its association with the health literacy variable and the poverty variable. The same covariates were kept in the models for each social determinant of health to allow for comparisons between the two. The covariates included in the fully-adjusted models were age, gender, total number of comorbidities, frailty, drug abuse related disorders, alcohol abuse related disorders, and past history of suicidal ideations. All statistical analyses were performed with SAS Enterprise Guide version 7.11 (version SAS Institute, Cary, NC, USA) and all p-values were two-sided with a significance level of 0.05. Results from regression analyses were reported as a regression coefficient and 95% confidence interval (95% CI).
3.0  Results

The analysis included 93,261 participants, consisting of 51,773 (55.5%) females who were predominantly Non-Hispanic, with 66.2% self-identifying as White. The mean age was estimated to be 24 years (SD 17.5 years). Table 1 summarizes the characteristics of participants, separated by each variable considered for analysis. 
3.1 Unadjusted regression results: hEALTH LITERACY AND POVERTY
The results from the unadjusted linear regression models are summarized in Table 2. Unadjusted linear regression analysis showed only a statistically significant association between the poverty variable and medical cost. That is, as the poverty variable increases by 1, the medical costs decrease by $128.31 (β= -128.31, 95% CI (-245.73, -10.90)). Even though the associations between total health care costs and pharmacy costs, and SDOH variables (i.e. health literacy and poverty) were not statistically significant, a negative association was observed. That is, as the social determinant of health variable score increases by 1 (i.e. worsening health literacy or poverty) total health care and pharmacy costs decrease. 
3.2 Fully-adjusted regression results: poverty
Results from the fully-adjusted multivariable linear regression model for the poverty variable and its associations with health care-related costs are summarized in Table 3. Results showed a statistically significant negative association between both total health care costs and medical costs, and the poverty variable score. For total health care costs, as the poverty variable score increases by 1, (i.e. as an individual becomes more impoverished), there is an associated decrease in total health care costs by $275.88 (β = -275.88, 95% CI (-465.80, -85.86)). In addition, as the poverty variable score increases by 1, the medical costs decrease by $171.18 (β = -171.18, 95% CI (-285.37, -57.00)). Even though results showed a negative association between the poverty variable and pharmacy costs, (i.e. as the poverty score increases, pharmacy costs decrease (β = -83.92, 95% CI (-203.05, 35.21))) the association was not statistically significant.
3.3 Fully-adjusted regression results: Health Literacy

Results from the fully-adjusted multivariable linear regression model for the health literacy variable and its associations with the health care-related costs are summarized in Table 4. Results showed a statistically significant negative association between both total health care costs and medical costs, and the health literacy variable. That is, as the health literacy variable increases by 1, (i.e. as an individual became less health literate), a decrease was observed in total health care costs of $1,048.24 (β = -1048.24, 95% CI (-1714.16, -382.33)). In addition, as the health literacy variable increases by 1, there was an associated decrease in medical costs by $586.25 (β = -586.25, 95% CI (-995.93, -176.57)). A negative association between the health literacy variable and pharmacy costs was also observed, however, it was not statistically significant (β = -331.25, 95% CI (-749.00, 86.50)). 

4.0  Discussion

4.1 Findings

The goal of this research was to explore the association between two social determinants of health, health literacy and poverty, and health care-related costs. It was hypothesized that as either social determinant of health improved, health care-related costs would decrease. Results from the current study found that as either social determinant of health improves, (i.e. as health literacy increases or poverty decreases) total health care costs and medical costs increase. No statistically significant association was found between the social determinants of health and pharmacy costs. In addition, results from this study suggest that a change in the health literacy variable might have a larger impact on health care-related costs than a similar change in the poverty variable. 

Previous studies that examined the effects of SDOH on health outcomes and cost have found contradicting results. Several studies have shown that as a social determinant of health improves there is an associated decrease in medical costs or negative health outcomes. In terms of cost, it has been previously shown that lower health literacy is associated with higher medical costs for Medicare and Medicaid recipients 
 ADDIN EN.CITE 
(27, 31)
. Higher health literacy has also been shown to be related with better health outcomes such as improved dental hygiene, lower rates of obesity, and higher health care utilization 
 ADDIN EN.CITE 
(28, 29)
. Previous studies have also shown a positive association between health literacy and proper health care utilization, which has the potential to lead to better diagnoses and treatments and a reduction in costs (64). Similarly to health literacy, decreased poverty has been shown to be related to better health conditions and lower medical costs in rural America (8). 

The results from this study are inconsistent with previous research. Previous studies have shown, that socioeconomic status has a direct impact on an individual’s utilization of physician services. Specifically, results have shown that men and women are less likely to access general practitioner services if they have a lower level of education and income 
 ADDIN EN.CITE 
(61, 62)
. Previous studies have also shown that individuals who are disproportionately impacted by social determinants of health also report having greater difficulty navigating the health care system as a whole (63). Being unable to visit providers, or not knowing when it is necessary, also reduces medical costs due to lack of utilization of services, that is if a patient does not visit a physician there is no cost to them. 

4.2 Strengths and Limitations

To our knowledge, limited research has been attempted to compare the effects of two different social determinants of health on health care-related costs. The results of this study also provide potential new considerations for the incorporation of social determinants of health in a managed care organization or health insurer setting. Results from previous research and the current study can help health insurance providers predict if members would be more likely to incur higher health care-related costs.

There are some limitations to take into account when interpreting the results of this study. The creation of the health literacy variable and poverty variable in this study could be a limiting factor. In this study, an individual’s health literacy and poverty levels were not directly measured. A proxy variable for each census tract in Southwestern Pennsylvania was generated and the value was applied to each person living within it. Therefore, the effects of these proxy variables may not accurately represent each individual. In addition, the dependent variables of interest in this work were drawn from health insurance claims data from the local managed care organization and with this comes some inherent issues. That is, claims data has the potential to be unreliable, insofar as the claim could have been fraudulent or reversed. Also, while the sample size is large, only Medicaid recipients in Southwestern Pennsylvania were included in the study, and as a result, the findings of this analysis can only be generalized to this population.  In terms of covariates, eleven were considered in this analysis based on prior research, but unknown or unmeasured confounders could exist and should be considered in future studies. Finally, the age of population may limit the study. In this study of Medicaid recipients in Southwestern Pennsylvania, 47.5% were below the age of 18. The mean age was about 24 and the median age was approximately 19. Individuals under the age of 18 are not typically making medical decisions for themselves, and their income would be limited. It would be more accurate to evaluate the health literacy and poverty levels for their legal guardian or medical decision maker for these participants.

4.3 Possible Sources of Error
A potential source of error for this study is how the social determinants of health were measured. The measurements for the social determinants of health have the potential to be imprecise, as they were generated at a census tract level and that value was then imposed on each individual living within that area. This method does not allow for an accurate evaluation of individual’s level of poverty or health literacy. The evaluation of data on the census tract level also might have introduced a potential issue, especially with poverty. That is, to be receiving Medicaid insurance from this managed care organization, the individual must have an income at or below 133% the federal poverty level. Therefore, imposing the census tract’s poverty level data on an individual in this study may not yield accurate results.

4.4 Future Directions

Future work is warranted to better understand the associations between social determinants of health and health care-related costs. Future studies should utilize individual data for studying social determinants of health instead of census tract level data. In addition, we would recommend creating a standardized measurement system for individual health literacy and poverty or utilizing one which already exists. Examples of existing health literacy standardized measurement tools are the Short Assessment of Health Literacy (SAHL) and the Rapid Estimate of Adult Literacy in Medicine (REALM) 
 ADDIN EN.CITE 
(72, 73)
. For health literacy, highest attained level of education has been suggested to serve as a suitable proxy measurement for individual health literacy, as the two have been shown to be strongly associated in prior studies (74).
4.5 Public Health Significance

Social determinants of health are integral parts of our culture, but only recently have they begun to be used as concepts in business and health care settings. By better understanding how these factors influence populations and create disparities in health, the potential exists to reduce their burden. Health literacy has been shown to directly impact an individual’s ability to navigate and manage their own health in the increasingly complex care system. Poverty, in a similar way, affects a person’s access to care and their ability to pay for services received. Even though the current study only focuses on two social determinants of health, health literacy and poverty, results of this study have shown that they both play a role in health care-related costs and in the related disparities of health that are experienced by different populations. 
Results from this study and the findings from previous studies that have explored social determinants of health, can provide better informed interventions which can be put into place at different levels of influence to mitigate their effects. The lessening of the burden from SDOHs has the potential to create better access to medical care by increasing coverage of government programs. These interventions can also improve understanding of health care related documents by revising the difficulty of language used, which can lead to better health outcomes. Higher income and greater educational attainment can also be achieved in lower-income communities through early childhood education interventions that focus on economic decision making. Even though social determinants of health impact nearly every aspect of life, efforts such as these are able to alleviate the strain that they can cause and in doing so make lasting impacts on public health.
5.0  Tables

Table 1. Demographic and clinical characteristics of participants for Southwestern PA Medicaid population.
	Characteristic
	Mean (SD) or Frequency (%) 

(N=93,261)

	Age (Years)
	24.35 (17.50)

	Poverty
	1.19 (0.80)

	Health Literacy 
	0.50 (0.22)

	Medical Costs ($)
	2832.41 (13754.62)

	Pharmacy Costs ($)
	2222.00 (13051.37)

	Total Health Care Costs ($)
	5526.57 (20828.80)

	Gender

Male

Female
	41488 (44.49)

51773 (55.51)

	Ethnicity

Non-Hispanic

Hispanic
	92217 (98.88)

1044 (1.12)

	Race

White

Black/African American

Other
	61737 (66.20)

27992 (30.01)

3532 (3.79)

	Primary Language

English

Spanish

Other
	93131 (99.86)

96 (0.10)

34 (0.04)

	Total Comorbidities
	3.94 (5.89)

	Severe Persistent Mental Illness

No

Yes
	83145 (89.15)

10116 (10.85)

	Frailty

No

Yes
	74440 (79.82)

18821 (20.18)

	Drug Abuse Related Disorders

No

Yes
	91561 (98.18)

1700 (1.82)

	Alcohol Abuse Related Disorders

No

Yes
	91186 (97.78)

2075 (2.22)

	Suicidal Ideations

No

Yes
	90711 (97.27)

2550 (2.73)


Health literacy and poverty are scored from 0 to 10, with 0 indicating no impact of the social determinant of health and 10 being highly impacted by it. The health care-related costs were generated from claims data.

Table 2. Results from the unadjusted linear regression models for the effect of poverty or health literacy on health care-related costs.
	Independent Variable
	Dependent Variable
	Regression Coefficient
	95% CI
	p-value

	Poverty
	Medical Costs
	-128.31
	-245.73
	-10.90
	0.0322

	
	Pharmacy Costs
	-66.18
	-186.91
	54.55
	0.2826

	
	Total Cost
	-159.83
	-356.41
	36.75
	0.1110

	Health Literacy
	Medical Costs
	-180.22
	-601.68
	241.24
	0.4020

	
	Pharmacy Costs
	-43.33
	-466.98
	380.32
	0.8411

	
	Total Cost
	-288.21
	-977.96
	401.55
	0.4128


Table 3. Results from the multivariable linear regression models for the effects of poverty on health care-related costs. 

	
	Total Health Care Costs*
	Medical Costs†
	Pharmacy Costs‡

	
	Regression Coefficient
	95% CI
	Regression Coefficient
	95% CI
	Regression Coefficient
	95% CI

	Intercept
	2395.66
	2025.56
	2765.76
	1379.41
	1156.24
	1602.59
	723.85
	491.59
	956.11

	Poverty 
	-275.88
	-465.80
	-85.96
	-171.18
	-285.37
	-57.00
	-83.92
	-203.05
	35.21

	Age
	-37.94
	-48.23
	-27.65
	-45.69
	-52.15
	-39.23
	13.53
	7.11
	19.96

	Gender
	-968.45
	-1274.76
	-662.15
	-114.46
	-301.14
	72.21
	-769.17
	-960.86
	-577.48

	Total Number of Comorbidities
	763.88
	733.71
	794.06
	448.43
	429.09
	467.78
	317.41
	298.46
	336.35

	Frailty
	4459.27
	4088.49
	4830.06
	3597.35
	3361.76
	3832.93
	612.88
	378.05
	847.70

	Drug Abuse Related Disorders
	1959.03
	946.88
	2971.18
	1544.05
	881.02
	2207.08
	448.40
	-191.93
	1088.73

	Alcohol Abuse Related Disorders
	2238.60
	1299.07
	3178.13
	3345.16
	2736.6
	3953.72
	-1209.23
	-1808.01
	-610.45

	Suicidal Ideations
	-854.61
	-1704.36
	-4.87
	-807.69
	-1360.05
	-255.34
	35.11
	-504.08
	574.3


*R2 = 0.0697
†R2 = 0.0566
‡R2 = 0.0294;
R2 = coefficient of determination
Analyses were adjusted by age, gender, total number of comorbidities, frailty, drug abuse related disorders, alcohol abuse related disorders, and suicidal ideations. Poverty variable was created as a proxy for poverty level in a census tract and then normalized to a scale of 0-10 where 0 should be interpreted as not being impoverished and 10 being highly impoverished.
Table 4. Results from the multivariable linear regression models for the effects of health literacy on health care-related costs. 

	
	Total Health Care Costs*
	Medical Costs†
	Pharmacy Costs‡

	
	Regression Coefficient
	95% CI
	Regression Coefficient
	95% CI
	Regression Coefficient
	95% CI

	Intercept
	2598.89
	2154.05
	3043.74
	1469.15
	1199.04
	1739.26
	791.68
	512.58
	1070.78

	Health Literacy
	-1048.24
	-1714.16
	-382.33
	-586.25
	-995.93
	-176.57
	-331.25
	-749.00
	86.50

	Age
	-37.51
	-47.80
	-27.22
	-45.37
	-51.83
	-38.91
	13.67
	7.24
	20.09

	Gender
	-981.22
	-1287.26
	-675.18
	-121.66
	-308.22
	64.89
	-772.92
	-964.45
	-581.39

	Total Number of Comorbidities
	763.84
	733.66
	794.01
	448.48
	429.14
	467.83
	317.4
	298.46
	336.34

	Frailty
	4459.69
	4088.90
	4830.47
	3597.39
	3361.81
	3832.98
	613.03
	378.20
	847.85

	Drug Abuse Related Disorders
	1981.29
	969.16
	2993.42
	1557.90
	894.86
	2220.95
	455.55
	-184.77
	1095.87

	Alcohol Abuse Related Disorders
	2218.12
	1278.85
	3157.39
	3331.51
	2723.09
	3939.94
	-1215.22
	-1813.84
	-616.59

	Suicidal Ideations
	-855.48
	-1705.21
	-5.74
	-806.66
	-1359.02
	-254.3
	35.12
	-504.07
	574.30


*R2 = 0.0698
†R2 = 0.0566
‡R2 = 0.0294;
R2 = coefficient of determination
Analyses were adjusted by age, gender, total number of comorbidities, frailty, drug abuse related disorders, alcohol abuse disorders, and suicidal ideations. The health literacy variable was created as a proxy for health literacy level in a census tract and then normalized to a scale of 0-10 where 0 should be interpreted as being highly health literacy and 10 being completely health illiterate.

APPENDIX: CONDITIONS CONSIDERED IN THE TOTAL COMORBIDITY VARIABLE CREATION (N=65)
1. Asthma

2. Chronic obstructive pulmonary disease

3. Congestive heart failure

4. Coronary artery disease

5. Diabetes mellitus 

6. Morbid obesity

7. Hyperlipidemia

8. Hypertension

9. Rheumatoid arthritis

10. Osteoarthritis 

11. Connective tissue disease: Lupus

12. Atrial fibrillation

13. Central nervous system disease

14. Cerebral palsy

15. Cerebrovascular disease

16. Chronic hepatitis

17. Coagulopathy 

18. Cystic fibrosis

19. Epilepsy

20. End stage Renal Disease 

21. Human immunodeficiency virus (HIV)

22. Hematologic Disorders: Sickle Cell Disease

23. Immunodeficiency 

24. Inflammatory bowel disease (IBD) 

25. Liver disease

26. Migraine

27. Multiple sclerosis (MS)

28. Muscular dystrophy 

29. Myasthenia Gravis

30. Malignant neoplasms

31. Osteoporosis 

32. Chronic pancreatitis

33. Paralysis 

34. Parkinson's disease

35. Kidney disease

36. Organ transplant

37. Spina bifida

38. Spina bifida- Spinal Cord Injury

39. Spinal cord injury

40. Seizure

41. Hemostat 

42. Congestive heart failure (additional)

43. Cardiomyopathy 

44. Diastolic dysfunction

45. Cardiogenic shock

46. Edema

47. Valvular Heart Disease

48. Defibrillator

49. Syncope

50. Stroke

51. Anemia

52. Angina

53. Fall Risk

54. Obesity

55. Prosthetic Valve

56. Diabetes mellitus: Type2

57. Acid Related Disorders Rx

58. Dementia Rx

59. Glaucoma Rx

60. Gout Hyperuricemia Rx

61. Pain Rx

62. Psychological Disorders Rx

63. Psychoses Rx

64. Thyroid Disorders Rx

65. Tuberculosis Rx
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