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Abstract: 

 A previous study by Bower et al., found that glioma patients from low-income 

communities had lower survival rates than patients coming from high-income 

communities, despite having similar demographic features and clinical and treatment 

characteristics. Social determinants of health could influence this difference in survival. 

This study is part one of a larger mixed-methods study that looks to describe social 

determinants of health across five factors: economic, education, neighborhood 

environment, social context, and health/healthcare. Social determinants of health were 

quantified using two validated instruments and supplementary questions developed for 

the study. The survey was given to 100 glioma patients at the Comprehensive Cancer 

Center at Wake Forest Baptist Medical Center. Risk scores from the individual 

instruments were combined to provide an overall social determinant of health risk, and 

comparison of risks was done between low-income (LIC) and high income (HIC) 

communities, urban and rural groups, and those in active treatment versus those in 

surveillance. The factor that presented the highest health risk was the health and 

healthcare factor, with the mean health risk being significantly higher in the HIC group 

when compared to the LIC group.  Overall, the health and health care factor, alongside 

the economic factors, presents the highest social determinant of health risks, while the 

social factor for the total sample, and most of the groups, presents the lowest risk. 
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Chapter 1: Introduction 

Overview of Gliomas: 

 Gliomas are a type of primary brain tumor which deeply infiltrate the brain 

resulting in patient symptoms, morbidity, and ultimately mortality 26. Nearly all adult 

gliomas are aggressive, malignant cancers that even with maximal therapy universally 

recur and are terminal 36. Gliomas can be classified as either low- or high-grade. Low-

grade gliomas are less aggressive, grow slowly, and generally harbor more favorable 

molecular alterations (e.g. isocitrate dehydrogenase 1 or 2 gene mutations) but can 

transform into higher grade gliomas, often over 2-10 years 28. Higher-grade gliomas 

include WHO grade 3 anaplastic gliomas and grade 4 glioblastoma (GBM). These are 

aggressive, rapidly growing tumors that are associated with shorter time to progression, 

poor response to therapy, and ultimately death.26 Glioblastoma, the most aggressive of 

these tumors, has a median survival of less than 2 years and a 5-year survival of less than 

5%36. Nearly all gliomas arise spontaneously without a clearly defined heritable or 

environmental cause 37. Median age at presentation is approximately 52 years with a 

slight male predominance (1.58:1 ratio) and higher incidence in Caucasians compared to 

African Americans (1.93:1).29 

Treatment is directed both at the tumor and at managing its symptoms. 

Glucocorticoids and anti-seizure medications are helpful in managing symptoms of 

cerebral edema, headaches, and seizures.37 Tumor-directed therapy includes surgery, 

radiation therapy, chemotherapy, and tumor-treating fields. Following diagnosis, 

maximal safe surgery is recommended with greater extent of resection being associated 

with improved outcomes 5. Surgery is typically followed by a combination of radiation 
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with or without adjuvant chemotherapy and increasingly new modalities of treatment 

including Tumor Treating Fields are being incorporated into clinical care and research 36. 

Despite advances in our understanding of the biology of these tumors, significant 

heterogeneity exists in patient survival.36 Molecular characterization has helped to 

reclassify gliomas and has improved our ability to define prognosis and predict outcomes. 

Nevertheless, significant variability exists in how patients respond to treatment, when 

their tumor recurs, and in overall survival.31 Efforts to define the additional features that 

contribute to this variability include investigations into the modifiable and non-

modifiable factors associated with glioma outcomes.33 

Non-modifiable factors are those that are present at the time of diagnosis and 

cannot be altered with treatment. These include patient age, tumor location, tumor size, 

bilaterality, multifocality, symptoms at the time of presentation, histological grade, and 

the molecular features of the tumor (Table 1) 33. In contrast, modifiable factors are those 

that can be changed, optimized, or managed to improve patient outcomes, prolong life, 

boost quality, and optimize case. These include a greater extent of safe tumor resection, 

inclusion of radiation and chemotherapy in treatment regimens, and performance status at 

the time of treatment initiation.33 While these factors explain much of the variability in 

patient survival, social factors are an increasingly recognized source of disparities in 

outcomes. 

 

 

 

Table 1: Factors Associated with Outcomes in Glioma Patients 

Modifiable Risk Factors Non-modifiable Risk Factors 

1. Extent of Resection 

2. Chemotherapy 

3. Radiation Treatment 

4. Performance Status 

5. Social Determinants of 

Health 

6. Age 

7. Tumor Grade 

8. Location of Tumor 

9. Fixed neurologic deficits 

10. Imaging Characteristics 

11. Molecular Characteristics 
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Overview of Social Determinants of Health: 

 Disruptions in health happen often. They can range from minor disruptions like 

the cold or seasonal allergies, to more chronic diseases such as diabetes, heart disease or 

cancers. Elements such as genetics or exposure to common risk factors can contribute to 

contracting a disease or disorder. Beyond that, a variety of things can impact the 

outcomes a person experiences. Availability of medication or other treatments, access to 

medication and treatments, and the impact these treatments may have on outcomes, can 

influence the overall outcomes of a patient with a disease experiences. However, not 

everything that influences a person’s development of disease and outcomes is biological 

in nature. Making healthcare purely about genetics, medications, and treatments would 

make medicine very individualistic.25 If this were the case, then people receiving the 

same treatment would, presumably, not differ in ultimate outcomes. Yet that is not the 

case. Outcomes for any disease, including gliomas, rely on three major factors.7 The first 

consists of where the disease is located. It brings into account factors like the genetics 

and molecular makeup of the tumor or disease. The second element consists of the 

environment within the person. What is the makeup of the environment the disease is 

thriving in? For gliomas, this means considering the patient’s brain or the immune 

system. The last element is the physical environment of the person, such as their physical 

health and social factors.7 Despite similar treatments and approaches to care, patients still 

have a varying outcomes, and many point to a person’s risk factors, especially the 

nonmedical, social ones, as a continual place of study for why the variation in outcomes 

exists.25   
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According to the World Health Organization (WHO), social determinants of 

health consist of the area in which people live, work, and interact, and how resources are 

allocated and dispersed within these areas.20 Outside of disease, factors like 

socioeconomic stats (SES) and neighborhood status and the stress this can impose on 

people, impacts health outcomes.8 Negative social conditions and factors exist, and they 

contribute to negative outcomes on life by themselves. For example, life expectancy 

increases for both males and females as level of education increases.8,9 When pairing 

these social conditions with healthcare outcomes, a gradient effect is seen. For example, 

the higher the socioeconomic status of a neighborhood is, the better health wise patients 

tend to be.8 This result, and other similar findings, are observed independent of genetic, 

race, and gender differences.8 

The social determinants that can 

influence health outcomes consists of 

several components.25 They include social 

relationships, stressful events, and 

socioeconomic status (SES)  

among other elements. Through an initiative 

started by the CDC, social determinants of health were categorized into 5 different 

factors: economic status, education, neighborhood environment, social and community 

context (also referred to as just social factor or social risk), and health/healthcare (also 

referred to in this paper as just health factor or health risk).13 There is no one direct 

pathway in which a social factor will always influence a person or disease.25 These social 

factors are interconnected and can play both a direct and indirect role on the health 

Figure 1: Social Determinant of Health 5-Factor Model 
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outcomes experienced. The factor experienced is not only important, but also the length 

of time the factor is present and when the person was exposed.8 Although negative social 

determinants of health can contribute to worse health outcomes, not everyone exposed to 

negative social determinants experience illness or negative health outcomes. This would 

suggest that there are factors that are more protective in nature, such as good social 

relationships, that can help alleviate the effects of negative factors. This alleviating affect 

makes finding the pathways through which social determinants of health impact health 

outcomes difficult.8 The relationship between social determinants and disease or risky 

health behaviors is not always one direction.25 These positions are often fluid with social 

determinants impacting disease and behaviors and the disease or risky behaviors affecting 

the social determinants.25  

 Social determinants can impact outcomes by impacting the disease, ultimately 

contributing to the overall development of negative health outcomes. For example, a 

person may not have an understanding on what foods to eat, and how much to consume 

due to lack of education or health literacy. This lack of knowledge could lead to the 

person eating foods that increase the risk of getting diabetes or high blood pressure. 

While addressing the risk factor, by increasing education, may help to decrease the risk of 

the person getting diabetes or high blood pressure in the moment, it may not fully address 

the risk the person is at for other diseases and negative health outcomes in the future. 

Negative social determinants of health can also be a result of a disease causing an 

increased SDH risk. For example, a stroke may leave someone unable to do the manual 

labor done before, deteriorating the person’s economic stability, and impacting future 

access to care.25  
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A person having an increased number of risk factors is often outside of the 

person’s control, especially if a disease contributed to creating a risk factor. Either way, 

some people just do not have access to the right resources, while others have access to 

great resources that allows them to do more to protect themselves from disease and lessen 

the effects if a diagnosis occurs.30 Having a few advantages often opens access to a 

shared pool of resources, giving one group an advantage over other groups, widening 

disparities seen.30 An example of this can be seen in a study done by Coughlin looking at 

social determinants of health in breast cancer.15 This study found that factors like 

education, neighborhood environment, access to food and grocery stores, and social 

support can all influence outcomes and affect, either negatively or positively, already 

negative health outcomes, like mortality. Those who had higher income levels tended to 

have higher levels of education over those with lower income levels, and those with 

higher incomes fared better in their outcomes. Moreover, social support often increased 

the pool of shared resources, improving a person’s outcome. Those with higher social 

support had higher survival rates and higher quality of life.15 

Social Determinants of Health in Oncology: 

 With social determinants of health becoming more recognized as a source of 

disparities in outcomes, several studies have begun to analyze the affect social 

determinants of health have on mortality and other health outcomes in cancer patients.  

A two-part study done by Singh et al., looked at the role socioeconomic status and 

urbanization play on mortality in all cancer deaths, and the top five cancers in terms of 

mortality: lung, colorectal, prostate, breast, and cervical cancer.35 In part one, they 

explored how socioeconomic status and urbanization impacted all cancer and lung cancer 
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deaths. When analyzing the relationship between urban/rural spectrum and area-wide 

SES deprivation, they found a strong correlation between the two, with more rural areas 

generally being more socially deprived. Furthermore, they found that both factors 

contribute with higher all cancer mortality rates occurring in more rural areas and more 

socioeconomically deprived areas. When controlling for SES deprivation, mortality 

characterized by urbanization was not significantly different in all cancer mortality. 

Overall, it was the area-level SES deprivation that had a stronger association with the 

mortality rates over urbanization. The higher disparity and mortality in the rural area can 

be seen in both white and black men for both all cancer and lung cancer deaths. However, 

this effect was flipped for black women concerning lung cancer deaths, with more urban 

areas being associated with higher mortality rates. Urbanization did not have a significant 

effect in white women concerning lung cancer deaths. The effect of SES deprivation is 

more strongly seen in white patients compared to black patients.35 

 In part two, the researchers looked at the urban/rural and SES deprivation impact 

on mortality for colorectal, cervical, breast and prostate cancers.35 In all four cancers, 

both SES and urban/rural residence separately impacted mortality rates. Overall, in 

colorectal and cervical cancers, urban/rural residence and SES deprivation both 

independently affected mortality, even after controlling for the other factor, with SES 

deprivation having a more influential impact. This result was seen regardless of race or 

gender in colorectal cancer. In breast cancer, SES deprivation impacted black women 

more, while rurality affected white women more significantly. The same result was seen 

with black men and white men respectively in prostate cancer mortality. The researchers 

concluded that those in higher rural areas are having higher exposures to known risk 
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factors such as smoking and obesity.35 Additionally, other studies have shown how those 

in more SES deprived areas tend to be diagnosed with cancers at later stages, when they 

are in their most aggressive forms, increasing the risk for mortality.3,2,23,35  

 Another retrospective study looking at breast, prostate, lung and colorectal cancer 

looked at factors that could influence the racial disparity seen in terms of survival.17 In all 

the cancers, black and Hispanic patients had higher mortality rates than their white 

counterparts. In colorectal cancer, men had higher incidence, and specifically black men 

had higher mortality rates, while women had higher mortality in lung cancer. For all the 

cancers some of the racial disparity seen could be explained by stage at diagnosis, with 

higher stage being more indicative of higher mortality rates. For prostate, lung and 

colorectal cancers, marital status also influenced the cancer mortality rates. These effects 

were seen in both men in women. However, in lung cancer, marital status accounted for 

more of the disparity in men than the disparity in women. Neighborhood SES was 

associated with mortality rates in breast, lung and prostate cancers, impacting black and 

Hispanic patients the hardest in both breast and lung cancers. Other molecular features of 

the tumor also differed between races for breast and colorectal cancers. Overall, stage at 

diagnosis, neighborhood SES and marital status had the most influence on mortality rates. 

Stage at diagnosis affected black patients more and explained a much of the disparity 

seen in all the cancers. Neighborhood SES only really impacted black and Hispanic 

patients. Those cancer patients who were married had lower mortality, which the 

researchers attributed to this idea of having social support, and this effect was most 

strongly seen in male patients. This study brings the question why do these disparities 

exist, and what underlying factors need to be explored and measured.17 
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A study by Abdelsattar et al., looked at economical advantage and insurance 

status on survival rates for breast, colorectal, prostate, and lung cancers.1 Overall, those 

who were uninsured and from the lowest advantaged communities had lower survival 

rates compared to those from higher advantaged communities. Those who were either 

uninsured or had Medicaid were more likely to get distant disease which is connected 

with worse prognosis and lower survival rates. Those from the most disadvantaged 

communities were more likely to be uninsured. For all cancers, having insurance 

increased survival rates. However, for those who were insured and in more disadvantaged 

communities had lower survival than those who were insured and from higher 

advantaged areas.1 A retrospective study by Banegas et al., explored factors that related 

to whether cancer survivors got necessary medical care, defined as the standard of care.4 

They found that financial hardship, measured by amount of debt and income, had a 

gradient effect where those who had higher income and lower debt were more likely to 

get necessary care. Survivors who were uninsured were less likely to get the necessary 

care when compared to those who had insurance. Those who didn’t have a care giver, had 

more than one cancer diagnosis, or who did not understand their health insurance or 

medical bills were all associated with not get the necessary care.4 A study done by Guy et 

al., found that, compared to those who did not have cancer, those with cancer had a 

higher rates of other chronic conditions.19 These higher rates of chronic conditions 

resulted in higher financial burdens for cancer patients and increased amounts of lost 

productivity, exacerbating the financial burdens already felt due to the cancer 

treatments.19 
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Overall, these studies found that patients coming from higher SES areas, urban 

areas, had higher income levels, and better insurance (described as private insurance) had 

higher survival rates and were more likely to receive the full standard treatments 

compared to those who were coming from more deprived areas, rural communities, had 

lower income levels and were uninsured. 

Social Determinants of Health in Glioma: 

 The studies that looked at social determinants of health in general oncology have 

found that finances, marital relationship, urban/rural area, and SES of the surrounding 

neighborhoods, among other factors, can impact how patients do and how much care they 

receive. Several more studies have looked at how social determinants of health impact 

patients with glioma. 

Dressler et al., did a retrospective study to look at barriers to receiving full 

standard of care treatment, defined as biopsy/resection, concurrent chemoradiation 

treatment and adjuvant chemotherapy in glioma patients.16 Some of the barriers identified 

were those who were older, those diagnosed before 2005, and those who were uninsured 

were less likely to get standard of care treatment. Patients who did not get standard of 

care had lower survival rates than those who did. Standard of care occurred most in 

patients who were younger than 65, came from higher socioeconomic status and were 

more educated.16 Another retrospective study done by Rhome et al., looking at barriers to 

care in glioblastoma found that, like Dressler et al., higher education, higher 

socioeconomic status, and those with greater extent of resection were all more likely to 

get chemotherapy. Moreover, getting chemotherapy resulted in higher survival rates.32 A 

study done by Kasl et al., also looked at what affected survival rates in patients with 
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GBMs.22 Shorter survival was linked with older age, prior military service, and having a 

tumor that is multifocal in nature. Longer survival was connected with having insurance, 

getting resection and getting the standard of care. These studies show that a disparity in 

receiving treatments and exist, and provide some places of further study when it comes to 

these disparities, such as specific barriers to receiving care.22 

A retrospective study done by Cote et al., looked at socioeconomic factors that 

influence incidence of gliomas.14 High socioeconomic status was defined as those with 

higher education, lived in an area with higher median household income, and had lower 

unemployment rates, among other factors. They found that those who live in regions with 

higher socioeconomic status had a higher incidence of all gliomas, which they reported is 

consistent with other data. They also found that the incidence of gliomas was higher in 

urban areas compared to rural areas. However, those in regions with higher 

socioeconomic status also had higher survival with GBM.14  

 A retrospective study done by Momin et al., looked at insurance status and 

mortality occurring post-operatively in the hospital for patients receiving a craniotomy 

for any glioma diagnosis.27 The researchers found that those with private insurance had 

lower mortality than those with Medicaid and those who were uninsured, with uninsured 

patients having the highest in-hospital mortality. The study also looked at how 

comorbidities played a role. Uninsured patients still had the highest mortality rate, 

followed by Medicaid patients, which both were significantly higher than those who were 

privately insured. The overall mortality rate for those without comorbidities was lower 

than that of the total overall group. Mortality rates differed among race with whites 
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having lower mortality rates than both blacks and Hispanics, with blacks having the 

highest of the group.27 

 A retrospective analysis done by Chandra et al., looked at different disparities in 

glioblastoma care.10 Specifically, they looked at how insurance status and primary care 

physician (PCP) status influence survival. The results showed that those who were 

insured (regardless of insurance type) had significantly higher survival rates than those 

who were uninsured by almost two times. Those with private insurance saw an even 

greater benefit. Moreover, those who had a PCP had higher survival rates than those who 

did not. 72% of insured patients had a PCP compared to 0% of the uninsured patients. 

Uninsured patients were less likely to get radiation and adjuvant chemotherapy treatment 

compared to their insured counterparts. However, even when uninsured patients got 

radiation and chemotherapy treatments, they still had a lower survival rate than insured 

patients who got the adjuvant treatments. A similar effect was seen between those 

without a PCP and those with one. The researchers concluded that having insurance to 

help with costly treatments allows patients to get treatments without worrying about cost. 

Concerning the benefit of having a PCP, there were several possible explanations and 

thoughts, but generally, those who had PCP were seen to have lowered tumor load. 

Therefore, having a PCP is thought to help patients catch symptoms and tumors earlier, 

giving patients a better chance at survival.10  

 A retrospective study done by Pollom et al., looked at resection types and time to 

radiation for newly diagnosed GBMs on survival rates, as well as barriers to starting 

radiation earlier.31 They found that those who had gross total resection had the highest 

median survival times, followed by those who got subtotal resection with those who got 



19 

 

only biopsy having the lowest median survival times. For those who got biopsy only or 

subtotal resection, getting earlier radiation (before 15 days after surgery) was not helpful 

in increasing survival rates, and for biopsy only patients, earlier radiation was connect to 

significantly lower survival outcomes. For patients who got gross total resection, starting 

radiation between 15-21 days of surgery showed a significant benefit. Beyond analyzing 

if survival benefit was present, the authors also looked at what puts patients at a higher 

risk of waiting more than 35 days for radiation. They found that concerning patients who 

got a gross total resection, those who had government insurance or were uninsured, lived 

far away from treatment or were black had higher odds of getting radiation at a later time. 

Meanwhile, patients had lower odds of waiting longer if they came from higher income 

areas. This study found a link between time of starting radiation treatment and overall 

survival. While there is competing evidence that suggests time to radiation treatment does 

not matter or effect survival, this study, and the ones before it, also identified some social 

barriers that could lengthen the time to radiation treatment.31  

 Overall, many of the glioma and GBM studies are retrospective in nature, and 

focused on common social determinants like insurance status, income and neighborhood 

socioeconomic levels, comorbidities and PCP status. Patients who did not get standard of 

care treatment did worse, often making the assumption that inability to receive the 

standard treatment of care was due to negative SDHs. However, they only explored a few 

factors that may influence patients not getting the standard of care, or make others more 

likely to get it. 
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Previous study:  

 A retrospective study done by Bower et al., examined glioma patients coming to 

the Comprehensive Cancer Center (CCC) at Wake Forest Baptist Medical Center 

(WFBMC).7 This study looked at patients over the course of 18 years (1999-2017) to see 

how different factors may have effected survival. The authors found that 72% of the 

patients being treated came from low income communities (LIC) based on the median 

household income of the zip code being lower than the median household income of the 

state. This was compared to 28% coming from high income communities (HIC) where 

the median household income of the zip code was greater than the median household 

income of the state. LIC and HIC patients did not differ concerning demographic factors 

such as PCP status, insurance status, and income status. Although, LIC patients were 

more likely to be single or unmarried. Treatment wise, the only difference occurred 

concerning patients getting biopsies, where LIC patients were found to be more likely to 

get biopsies. There were significant differences in survival rates between the two groups. 

These LIC patients not only had lower median survival rates compared to those coming 

from high income communities (HIC), but they also had lower survival at years 1, 2, 3 

and 5, with the difference in the percentage of patients alive at these years widening each 

year. A univariate analysis found that factors like age, treatment with chemotherapy, and 

whether the patient had a biopsy significantly influenced survival rates. This gap seen in 

survival rates begs the question of what is driving this difference in these patients.7  

The Gap: 

The previous studies concerning social determinants of health in the glioma 

population have shown the positive impact having insurance and a PCP have on survival, 
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how coming from a higher socioeconomic status area aids in survival, and how being 

further away from the treatment centers can be a barrier to timely radiation treatment, 

which can effect survival. These studies have been heavily focused on the economic and 

healthcare factors, such as economic status, PCP status and insurance status, with the 

neighborhood factor being touched on concerning the effect distance has on receiving 

timely care. However, there has been little to look at the impact the social and education 

factors have on patient outcomes, with further study of the neighborhood factors needed 

as well. The Bower study suggested that patients from LIC areas have lower survival 

rates than those coming from HIC areas, despite having similar demographics, suggesting 

a need to better understand the social determinants of health impacting these patient 

groups.7 These results all specify the need to prospectively study and explore the social 

determinants of health, across the five factors: economic status, education status, 

neighborhood environment, social context, and health.  

This study:  

 This study is part one of a larger mixed methods study and it provides a 

prospective look at the social determinants a by exploring the five factors of social 

determinants of health defined by the CDC13. These five factors were further split into 

elements that were more patient centered and more community focused (Figure 2). 

Addressing aspects from all five social determinants of health categories, as well as 

separating factors into more patient and community centered factors, will begin to fill in 

the present gap in glioma-focused social determinant of health research. 

 The goal of the study is to quantify the social determinants of among patients with 

glioma, with attention to LIC/HIC area residence, urban/rural residence and between 
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those in surveillance and those in active treatment. It is hypothesized that there will be a 

difference in social determinants of health between glioma patients residing in LIC/HIC 

areas.  It is also hypothesized that patients from rural areas would have different social 

determinants than those coming from urban areas, and those in active treatment would 

have a different social determinant risk factors than those in surveillance. The 

information collected through this quantitative portion will not only provide initial 

conclusions about the social determinants of health glioma patients are facing, but also 

provide both participants and preliminary points of discussion for the qualitative portion 

of the larger mixed methods study. 

Figure 2: Patient-Specific and Community-Specific Scale 
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Chapter 2: Methods 

Study Design: 

 Institutional Review Board (IRB) approval was granted for this study by the 

Wake Forest University Health Sciences IRB. This study was a cross-sectional survey. 

An SDH and contributing factors survey was constructed to measure social determinants 

of health and contributing factors for part 2 of the overarching study. The SDH portion of 

the survey consisted of a modified version of The Protocol for Responding to and 

Assessing Patients' Assets, Risks, and Experiences (PRAPARE) Instrument38, a modified 

version of the Accountable Health Communities Health-related Social Needs Screening 

Tool18 (AHC), and a study specific supplemental SDH questionnaire. Both PRAPARE 

and the AHC are validated instruments, that were modified to remove questions about 

domestic violence to help maintain the safety of participants. The PRAPARE instrument 

asks questions on job status, access to transportation and housing, educational status, 

insurance status, and stress level.39 The AHC also asks about access to housing and 

transportation, job status, and languages spoken, as well as questions on food security, 

loneliness, caregiver help, and possible problems present in the housing. The AHC also 

has supplemental questions that can be added to the initial measurement, some of which 

were used in this study.6 The study specific supplemental SDH questionnaire was created 

to address aspects of social determinants of health that were not otherwise addressed by 

the other two instruments (Table 2). Questions from the instruments were placed into the 

individual SDH factor that best fit the question. Questions that were patient-centered, 

such as job, education status, insurance status, etc., were placed into the patient-centered 

group, and questions that were more community oriented, and dealt with the area 
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surrounding where the patient lived were categorized as community-centered factors. A 

contributing factors questionnaire was also given to participants asking about stress, 

caregiver relationship, comorbidities and physician-patient communication, to help 

inform the focus groups done in Part 2 of the overarching study. 

 

Setting: 

 All surveys were conducted at the Comprehensive Cancer Center brain tumor 

outpatient clinic at Wake Forest Baptist Medical Center from May 2019 to January 2020. 

Surveys were administered by the same person on the study staff. After surveys were 

completed, outside clinical and other social determinant of health information were 

collected from the electronic medical records (EMR) and outside governmental websites, 

such as median household income, distance from the cancer center, and urban/rural 

geocoding among other factors.  

Table 2: Separation of Instrument by Factor 

Patient Factors Community Factors 

 PRAPARE AHC Supplemental 

Questions 

PRAPARE AHC Supplemental 

Questions 

Economics 

11, 13, 14 
3, 4, 6, 

11, 12 
1, 2, 3 9 n/a 

1, 2, 3, 4, 5, 6, 7 

(supplemental 

questions filled in 

by study staff) 

Education 5, 10 15, 16 17, 18 n/a n/a  17, 18 

Neighborhood 

and 

Environment 

7, 8, 15 1, 2, 5 6, 8, 9 n/a n/a 7, 8, 10 

Social and 

Community 

Context 

n/a 13, 14 4 n/a n/a 5 

Health and 

Healthcare 
12, 17 17, 18 11, 12, 14 n/a n/a 13 

 Table 2 details the questions on each questionnaire that correspond with different aspects 

of SDH factors being examined in this study.  
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Participants: 

 Participants had to be at least 18 years old, diagnosed with a glioma of any kind, 

be receiving care at WFBMC, speak and understand English or Spanish, and had to be 

able to answer questions either on their own or with the help of a caregiver or family 

member. Patients were approached in clinic, told about the study, and if they expressed 

desire to participate, were consented and given the survey while in clinic. Those who 

participated received a parking pass. 

Variables: 

 Scores for the individual questionnaires, an overall SDH risk score, individual 

factor scores (economic, education, neighborhood, social, and health), and patient-

centered and community-centered factor scores served as the outcome variables and were 

all measured using the answers from the SDH survey. Questions for the PRAPARE and 

the AHC had underlined answers, that if chosen, indicated that a social health risk was 

present.18,38 A risk tally score was calculated for the PRAPARE instrument, using the 

underlined answers, and the instrument scoring guide.38 Similar to PRAPARE, a tally 

score, noting the number of underlined answers chosen. was calculated for the AHC, with 

a higher tally score indicating more social health needs, and an overall higher social 

determinant of health risk. Due to a lack of information in the literature concerning how 

to score/analyze the AHC answers, a tally score method was chosen to match the 

PRAPARE instrument outcome. A similar scoring, using the underlined answers as 

indicators of social needs being present, was used for the supplemental questionnaire. 

The overall risk score was a summation of the instrument tally scores, with a higher score 

indicating a higher overall social determinant of health risk. The AHC was chosen as the 
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primary outcome, along with the overall SDH risk score, due to the fact that there was at 

least one question in each of the five SDH factors, and the overall SDH risk score would 

take into account both patient and community centered factors. The scores for the 

individual factors and patient/community-centered factors were calculated in the same 

manner. Percent risks were also calculated for each instrument, factor and 

patient/community factor. The percent risks allow for comparison between the individual 

factors and instruments since the number of possible points differ between individual 

factors and instruments.  

 Sociodemographic characteristics served as covariates. Age, gender, race, and 

clinical characteristics were all retrieved from the medical record of the participant. Age 

was the age of the participant at the time of the survey. Glioma type was the diagnosis 

given according to the participant pathology report, and if one was not available, the 

diagnosis according to the notes of the doctors. Grade of glioma was also taken from the 

pathology report or doctor’s note, and was classified as either low grade (WHO Grade II 

or the rare, but present WHO grade I) or high grade (WHO Grade III or IV).21 Time from 

diagnosis was the time, in months, from the original diagnosis to the completion of the 

survey. Extent of resection consisted of the maximal surgery had before beginning 

adjuvant treatment. Type of treatment referred to whether the participant was in their 

initial treatment, salvage treatment or on surveillance. Treatment was defined as current 

radiation or adjuvant chemotherapy, or those participants who were in between resection 

and radiation or radiation and chemotherapy. Those who were getting treatment of any 

kind were defined as active treatment, and those who were in surveillance were 

categorized as surveillance. Recurrence referred to whether or not the participant had 
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experience recurrence by the time the survey was completed. Information on insurance 

status, educational status, income status, and debt status, were all collected from the SDH 

survey. Lastly, distance from the comprehensive cancer center came from using the 

shortest distance from the participant’s address to the comprehensive cancer center 

calculated using Google maps function.40 

Data sources/Measurement: 

The participants were broken up into three sets of groups, which served as the 

independent variables. To keep in line with previous study done by Bower et al., patients 

were separated into LIC or HIC groups based on median household income of the zip 

code of the patient in comparison to the median household income of the state based on 

2017 census data.7,41 Those who came from areas where the zip code median household 

income was lower than that of the state, were placed into the LIC group. Those who came 

from areas where the zip code median household income was higher than that of the state 

were placed into the LIC group.7 Furthermore, patients were separated into urban or rural 

categories using primary Rural-Urban Commuting Area (RUCA) codes updated in 2019 

and provided by the U.S. Department of Agriculture (USDA).42 RUCA codes were found 

using Federal Information Processing Services (FIPS) codes.42 Urban is defined as any 

area with the metropolitan classification (a coding of 1-3), while rural is defined as any 

area with of the micropolitan, small town, rural classification (a coding of 4-10).43 Lastly, 

patients were separated into stable disease or active treatment groups based on where 

they were in treatment at the time of survey. These groups were used for comparisons of 

the SDH risk scores. 
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Bias: 

 There was a potential for bias by using an non-validated instrument. This was 

partially controlled for by having the same person conduct the surveys with the 

participants, and provide clarification for what the question was looking for, when it was 

needed. 

Study Size:  

 There were 100 participants enrolled in the study. The power was not calculated. 

The 100 participants were chosen for part 1 to provide enough people for part 2 (the 

qualitative, focus-group portion) of the overarching study. Data collected from this 

project can then be used to direct sample sizes for future projects.   

Statistical Methods: 

 All data were entered into REDCap database, and statistical analyses were done 

using SAS Enterprise Guide 7.1. Descriptive statistics, t-test, and chi-squared tests were 

performed on demographic data. Discrete demographic data was grouped based on 

sample distribution. T-test were done on continuous data, while chi-squared tests were 

performed on categorical data. The social determinants of health scores were analyzed 

using Wilcoxon rank sum test, due to having a non-normal distribution. The means from 

each instrument, overall SDH mean, individual factor means, and patient/community 

factor means were compared between groups using Wilcoxon rank sum test. 

A univariate analysis was done using negative binomial regression to examine 

which demographic variables were particularly associated with the AHC scores and the 

total overall SDH score. Lastly, a series of negative binomial multivariable analyses was 
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done to incorporate the demographic factors found in the univariate analysis to be 

associated with the AHC and total overall SDH scores. General demographic variables, 

like age, gender, and race, were included in the multivariable analysis, along with any 

variable with a cutoff p-value of 0.3 or below from the univariate analyses to account for 

variables that could be possible confounders in the multivariable ana;yses. Important 

clinical demographics based on the demographic tables and the univariate analyses were 

also included in the multivariable analyses. An independent multivariable analysis was 

done for each of the three comparison groups, LIC/HIC, urban/rural, and treatment group 

looking at the outcomes AHC scores and total SDH scores. Factors that were not the 

common confounding variables (age, race, and gender), the comparison group variables, 

and not significantly associated with the AHC or overall SDH scores in the multivariable 

analysis were removed from the multivariable analysis. The estimates for both the 

univariate and multivariable analyses were reported as relative risk ratios. 
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Chapter 3: Results 

Patient Demographics  

There were 100 total participants. The mean age was 53 years old (SD, 15 years). 

There were 49 males, and 91 of the participants were white. Sixty-seven participants had 

higher than a high school education, 54 had private insurance and 57 reported an income 

of $50,000 or more. One participant did not disclose their race on their medical form. 

Five participants did not disclose their income, and 4 did not disclose their debt status. 

Neither income nor debt status contribute to the outcome scores calculated, and none of 

the nondisclosed answers were factored into the overall totals for the comparison groups. 

Concerning cancer related characteristics, 18 participants had 

oligodendrogliomas, 34 had astrocytomas, 38 had GBMs and 10 had other diffuse 

gliomas including ependymomas and gangliogliomas. The average time from diagnosis 

was 58.66 months (SD: 8.56). Regarding extent of resection, 23 participants had biopsy, 

36 had subtotal resection, and 41 had gross total resection. Of the 37 participants that had 

gone through recurrence, 23 had one recurrence, 8 had two recurrences, and 5 had three 

or more. There were 51 participants who were actively in treatment, 29 patients were on 

initial treatment at the time of the survey and 22 on salvage treatment, while 49 were in 

surveillance.  

For the LIC/HIC grouping, 68 participants came from an LIC area, and 32 

participants came from an HIC area. Education (p = 0.03) and extent of resection (p = 

0.01) were significantly different between the two groups. For the urban/rural grouping, 

73 participants came from urban areas, while 27 came from rural areas. Education (p = 
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0.003), debt status (p = 0.05), and distance from the CCC (p = 0.001) were all found to be 

significantly different between groups. There were 51 participants in active treatment at 

the time of the survey, while 49 participants were in stable disease or under surveillance. 

Age (p <0.01), debt status (p = 0.02), glioma type (p = 0.01), time from diagnosis (p = 

0.02), and recurrence status (p = 0.03) were all significantly different between the two 

groups. (Table 3-6). 

Total SDH Risk Assessment 

The mean AHC score, for the whole sample, was 0.93 points (SD: 1.51) out of a 

possible 12 points. The mean PRAPARE score, for the whole sample was 2.45 points 

(SD: 1.57) out of a possible 15 points. The mean supplemental score for the whole 

sample was 1.05 points (SD: 1.14) out of a possible 11 points. The mean Overall SDH 

score, for the whole sample, was 4.43 points (SD: 3.10) out of a possible 38 points. The 

highest scoring SDH factor was the health factor, with a mean score of 1.41 points out of 

6 and a percent risk of 23.5%. The lowest scoring SDH factor was the social factor with a 

mean score of 0.14 points out of 3 or a percent risk of 4.67%. Out of a possible 32 points, 

the mean score for the patient-centered factors was 3.72, or 11.6%, and out of a possible 

6 points, the mean score for community-centered factors was 0.71 points or 11.8% (Table 

7). 

LIC vs HIC Risk Comparison 

For the LIC/HIC area groups, there was no difference between the mean AHC, 

PRAPARE, and supplemental scores (p = 0.79, p = 0.95, p = 0.76, respectively). The 

overall SDH score also did not differ between the two groups (p = 0.87). Although not 
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significant, the education factor score was noticeably higher for participants who came 

from the LIC group when compared to participants who came from the HIC group (0.83 

points vs. 0.5 points, p = 0.06). Participants coming from HIC areas had a higher mean 

health risk score compared to those coming from LIC areas (1.62 points vs 1.3 points, p < 

0.05) (Table 8). 

Urban vs Rural Risk Comparison 

For the urban/rural comparisons, there were not any significant differences in the 

risk scores. The mean AHC (p = 0.96), PRAPARE (p = 0.57) and supplemental (p = 

0.88) scores were all the same. The overall SDH score (p = 0.20) was also not different 

between the two groups. Although not significant, the community-centered score was 

noticeably higher in the rural group than the urban group (1.03 points vs. 0.58 points, p = 

0.10) (Table 9). 

Active vs Surveillance Risk Comparison 

For the surveillance and active treatment comparison groups, average AHC risk scores 

were significantly higher for the patients who were in stable disease (1.24 vs 0.6, p < 

0.05). The mean PREPARE (p = 0.71) and supplemental (p = 0.58) scores were no 

different. Both the neighborhood (0.95 points compared to 0.64 points, p = 0.10), and 

social (0.20 points vs. 0.07 points, p = 0.10) were noticeably higher in the surveillance 

group compared to the active treatment group, although not significant. The health (p = 

0.83) scores did not differ. The mean patient-centered (p = 0.63) and community-centered 

(p = 0.64) factors also did not differ. (Table 10). 
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Characteristics Sample Totals

Total Number of Participants 100

Age 14.94

Mean age 53

Standard Deviation 14.94

Median Age 54.5

Range 22-78

Gender

Male 49

Female 51

Race

White 91

Non-white 8

Education Level

≤ 12 Years 33

> 12 Years 67

Insurance Type

Private 54

Not private 46

Income Status

Less than $50,000 38

$50,000 or more 57

Unknown 5

Debt Status

None 39

Less than $10,000 22

$10,000 or more 35

Unknown 4

Distance from the CCC

Less than 50 miles 60

Greater than 50 miles 40

Table 3: Demographic and Clinical Features for the 

Total Sample Characteristics Sample Totals

Glioma Type

Oligodendroglioma 18

Astrocytoma 34

GBM 38

Other 10

Glioma Grade

Low 42

High 58

Time From Diagnosis

Mean Time 58.66

Standard Deviation 8.56

Range 0.450 - 420

Extent of Resection

Biopsy 23

Subtotal Resection 36

Gross Total Resection 41

Type of Treatment

Initial 29

Salvage 22

Stable 49

Recurrence

Yes 37

No 63

Abbreviations: CCC: Comprehensive Cancer 

Center; GBM Glioblastoma

The demographic and clinical characteristics of the 

total sample. Mean, standard deviation and range 

are presented for continuous data (age and time 

to diangosis). One participant did not disclose their 

race, 5 participants did not disclose their income, 

and 4 did not disclose their debt status.

Prior Treatments

Table 3 Continued
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Characteristics LIC: n(%) HIC: n(%) P-value

Number of Participants n = 68 n = 32

Age 

Mean age 54 51 0.34

Standard Deviation 15.04 14.75

Median Age 57.5 51.5

Range 25-78 22-74

Gender

Male 33 (48.53) 16 (50)

Female 35 (51.47) 16 (50) 0.89

Race

White 62 (92.54) 29 (90.63)

Non-white 5 (7.46) 3 (9.38) 0.74

Education Level

≤ 12 Years 27 (39.71) 6 (18.75)

> 12 Years 41 (60.29) 26 (81.25) 0.03

Insurance Type

Private 36 (52.94) 18 (56.25)

Not private 32 (47.06) 14 (43.75) 0.76

Income Status

Less than $50,000 29 (46.03) 9 (28.13)

$50,000 or more 34 (53.97) 23 (71.88) 0.09

Unknown 5 0

Debt Status

None 28 (41.18) 11 (34.38)

Less than $10,000 17 (25) 5 (15.63)

$10,000 or more 22 (32.35) 13 (40.63) 0.18

Unknown 1 3

Distance from the CCC

Less than 50 miles 38 (55.88) 22 (68.75)

Greater than 50 miles 30 (44.12) 10 (31.25) 0.22

Table 4: Demographic and Clinical Features Categorized and Compared by Low-

income communities (LIC) and High-income communities (HIC) Status
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Characteristics LIC (percentages) HIC (percentages) P-value

Glioma Type

Oligodendroglioma 15 (22.06) 3 (9.38)

Astrocytoma 25 (36.76) 9 (28.13)

GBM 22 (32.35) 16 (50)

Other 6 (8.82) 4 (12.5) 0.21

Glioma Grade

Low 30 (44.12) 12 (37.5)

High 38 (55.88) 20 (62.5) 0.53

Time From Diagnosis

Mean Time 58.49 59.04 0.98

Standard Deviation 86.28 85.35

Range 0.450 - 420 0.670 - 372

Extent of Resection

Biopsy 18 (26.47) 5 (15.63)

Subtotal Resection 29 (42.65) 7 (21.88)

Gross Total Resection 21 (30.88) 20 (62.5) 0.01

Type of Treatment

Initial 22 (32.35) 7 (21.88)

Salvage 18 (26.47) 4 (12.5)

Stable 28 (41.18) 21 (65.63) 0.07

Recurrence

Yes 29 (42.65) 8 (25)

No 39 (57.35) 24 (75) 0.08

Prior Treatments

Abbreviations: CCC: Comprehensive Cancer Center; GBM Glioblastoma

The demographic and clinical characteristics of the sample, categorized by LIC or 

HIC group. Percentages are reported for categorical data. 

Continuous variables (age and time from diagnosis) were compared using t-tests, 

and p-values are reported. Categorical variables (all other demographic and clinical 

variables) was compared using chi-squared test, and p-values are reported. 

One participant did not disclose their race(from the LIC group), 5 participants did 

not disclose their income (all from LIC), and 4 did not disclose their debt status (1 

LIC, 3 HIC). These undisclosed answers were not included in the analyses and 

percentage totals.

Education (p = 0.03) and extent of resection (p = 0.01) were significantly different 

between the two groups. 

Table 4 Continued



36 

 

 

     

 

 

 

 

 

     

Characteristics Urban: n(%) Rural: n(%) P-value

Number of Participants n = 73 n = 27

Age 

Mean age 53 54 0.90

Standard Deviation 14.82 15.54

Median Age 54 59

Range 22-78 28-78

Gender

Male 38 (52.05) 11 (40.74)

Female 35 (47.05) 16 (59.26) 0.32

Race

White 64 (88.89) 27 (100)

Non-white 8 (11.11) 0 (0) 0.07

Education Level

≤ 12 Years 18 (24.66) 15 (55.56)

> 12 Years 55 (75.34) 12 (44.44) 0.003

Insurance Type

Private 38 (52.05) 16 (59.26)

Not private 35 (47.95) 11 (40.74) 0.52

Income Status

Less than $50,000 27 (39.13) 11 (42.31)

$50,000 or more 42 (60.87) 15 (57.69) 0.78

Unknown 4 1

Debt Status

None 24 (32.88) 15 (55.56)

Less than $10,000 20 (27.4) 2 (7.41)

$10,000 or more 25 (34.25) 10 (37.04) 0.05

Unknown 4 0

Distance from the CCC

Less than 50 miles 51 (69.86) 9 (33.33)

Greater than 50 miles 22 (30.14) 18 (66.67) 0.001

Table 5: Demographic and Clinical Features Categorized and Compared by Urban/Rural 

Status
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Characteristics Urban (percentages) Rural (percentages) P-value

Glioma Type

Oligodendroglioma 11 (15.07) 7 (25.93)

Astrocytoma 24 (32.88) 10 (37.04)

GBM 29 (39.73) 9 (33.33)

Other  9 (12.33) 1 (3.7) 0.38

Glioma Grade

Low 31 (42.47) 11 (40.74)

High 42 (57.53) 16 (59.26) 0.88

Time From Diagnosis

Mean Time 61.64 50.6 0.57

Standard Deviation 89.45 74.97

Range 0.450 - 420 0.610 - 264

Extent of Resection

Biopsy 17 (23.29) 6 (22.22)

Subtotal Resection 25 (34.25) 11 (40.74)

Gross Total Resection 31 (42.47) 10 (37.04) 0.82

Type of Treatment

Initial 20 (27.4) 9 (33.33)

Salvage 16 (21.92) 6 (22.22)

Stable 37 (50.68) 12 (44.44) 0.82

Recurrence

Yes 28 (38.36) 9 (33.33)

No 45 (61.64) 18 (66.67) 0.64

Prior Treatments

Abbreviations: CCC: Comprehensive Cancer Center; GBM Glioblastoma

The demographic and clinical characteristics of the sample, categorized by Urban or 

Rural residence. Percentages are reported for categorical data. 

Continuous variables (age and time from diagnosis) were compared using t-tests, and 

p-values are reported. Categorical variables (all other demographic and clinical 

variables) was compared using chi-squared test, and p-values are reported. 

One participant did not disclose their race(from the urban group), 5 participants did 

not disclose their income (4 urban, 1 rural), and 4 did not disclose their debt status 

(all from urban group). These undisclosed answers were not included in the analyses 

and percentage totals.

Education (p = 0.003), debt status (p = 0.05), and distance from the CCC (p = 0.001) 

were all found to be significantly different between groups

Table 5 Continued
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Characteristics Active Treatment: n(%) Surveillance: n(%) P-value

Number of Participants n = 51 n = 49

Age 

Mean age 59 47 <0.001

Standard Deviation 13.18 14.15

Median Age 62 48

Range 32-78 22-72

Gender

Male 29 (56.86) 20 (40.82)

Female 22 (43.14) 29 (59.18) 0.11

Race

White 48 (94.12) 43 (89.58)

Non-white 3 (5.88) 5 (10.42) 0.41

Education Level

≤ 12 Years 20 (39.22) 13 (26.53)

> 12 Years 31 (60.78) 36 (73.47) 0.17

Insurance Type

Private 26 (50.98) 28 (57.14)

Not private 25 (49.02) 21 (42.86) 0.54

Income Status

Less than $50,000 17 (35.42) 21 (44.68)

$50,000 or more 31 (64.58) 26 (55.32) 0.36

Unknown 3 2

Debt Status

None 25 (49.02) 14 (28.57)

Less than $10,000 13 (25.49) 9 (18.37)

$10,000 or more 13 (25.49) 22 (44.9) 0.02

Unknown 0 4

Distance from the CCC

Less than 50 miles 29 (56.86) 31 (63.27)

Greater than 50 miles 22 (43.14) 18 (36.73) 0.51

Table 6: Demographic and Clinical Features Categorized and Compared by Treamtent Group Status
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Characteristics Active Treatment (percentage) Surveillance (percentages) P-value

Glioma Type

Oligodendroglioma 4 (7.84) 14 (28.57)

Astrocytoma 17 (33.33) 17 (34.69)

GBM 26 (50.98) 12 (24.49)

Other 4 (7.84) 6 (12.24) 0.01

Glioma Grade

Low 15 (29.41) 27 (55.1)

High 36 (70.59) 22 (44.9) 0.0093

Time From Diagnosis

Mean Time 40.44 77.63 0.02

Standard Deviation 82.01 85.85

Range 0.450 - 420 0.670 - 372

Extent of Resection

Biopsy 14 (27.45) 9 (18.37)

Subtotal Resection 21 (41.18) 15 (30.61)

Gross Total Resection 16 (31.37) 25 (51.02) 0.13

Type of Treatment

Initial 29 (56.86) 0 -

Salvage 22 (43.14) 0 -

Stable 0 49 (100) -

Recurrence

Yes 24 (47.06) 13 (26.53)

No 27 (52.94) 36 (73.47) 0.03

Prior Treatments

Abbreviations: CCC: Comprehensive Cancer Center; GBM Glioblastoma

The demographic and clinical characteristics of the sample, categorized by treatment group. Percentages 

are reported for categorical data. 

Continuous variables (age and time from diagnosis) were compared using t-tests, and p-values are 

reported. Categorical variables (all other demographic and clinical variables) were compared using chi-

squared test, and p-values are reported. 

One participant did not disclose their race (from the surveillance group), 5 participants did not disclose 

their income (3 active, 2 surveillance), and 4 did not disclose their debt status (all from surveillance 

group). These undisclosed answers were not included in the analyses and percentage totals.

Age (p <0.01), debt status (p = 0.02), glioma type (p = 0.01), time from diagnosis (p = 0.02), and 

recurrence status (p = 0.03) were all significantly different between the two groups.

Table 6 Continued
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Tally Scores Median Mean Percent Risk Standard Deviation

Overall Scores

AHC Score (Out of 12) 0 0.93 7.75 1.51

PRAPARE Score (Out of 15) 2 2.45 16.33 1.57

Supplemental Score (Out of 11) 1 1.05 9.55 1.14

Overall SDH Score (Out of 38) 4 4.43 11.66 3.10

SDH Domain Scores

Economic Score (Out of 13) 1 1.36 10.46 1.54

Education Score (Out of 8) 0 0.73 9.13 1.06

Neighborhood Score (Out of 8) 1 0.80 10.00 0.92

Social Score (Out of 3) 0 0.14 4.67 0.42

 Health Score (Out of 6) 1 1.41 23.50 0.76

Patient/Community Factors

Patient Factor Score (Out of 32) 3 3.72 11.63 2.87

Community Factor Score (Out of 6) 1 0.71 11.83 0.84

Table 7: Descritpive Statisitcs and Percent Risks for Social Determinants of Health Outcome 

Scores for the Total Sample 

Table 7: SDH outcomes for the whole population. The mean score, median score, standard 

deviation and percent risk was reported for each individual instrument, overall SDH score, each 

individual factor, and pateint/community-centered factors. Percent risk is calculated by taking 

the percentage of the mean score out of the total possible points for each instrument, individual 

doman and patient/community facotrs. This allows for comparison between domains.
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Tally Scores Median Mean Percent Risk Standard Deviation Median Mean Percent Risk Standard Deviation P-value

Overall Scores

AHC Score (Out of 12) 0 0.92 7.67 1.56 0 0.93 7.75 1.41 0.79

PRAPARE Score (Out of 15) 2 2.45 16.33 1.67 2 2.43 16.20 1.38 0.95

Supplemental Score (Out of 11) 1 1.07 9.73 1.24 1 1.00 9.09 0.87 0.76

Overall SDH Score (Out of 38) 4 4.45 11.71 3.29 3.5 4.37 11.50 2.70 0.87

SDH Domain Scores

Economic Score (Out of 13) 1 1.41 10.85 1.57 1 1.25 9.61 1.48 0.41

Education Score (Out of 8) 1 0.83 10.38 1.11 0 0.50 6.25 0.91 0.06

Neighborhood Score (Out of 8) 1 0.75 9.38 0.79 1 0.90 11.25 1.14 0.82

Social Score (Out of 3) 0 0.16 5.33 0.47 0 0.09 3.00 0.29 0.68

 Health Score (Out of 6) 1 1.30 21.67 0.73 2 1.62 27.00 0.79 0.04

Patient/Community Scores

Patient Factor Score (Out of 32) 3 3.69 11.53 3.05 3 3.78 11.81 2.51 0.60

Community Factor Score (Out of 6) 1 0.76 12.67 0.93 1 0.59 9.83 0.61 0.64

Table 8: Descriptive Statistics and Wilcoxon Rank Sum Mean Score Comparison of Social Determinant of Health Outcomes for LIC/HIC Group Comparison 

LIC HIC

SDH outcomes by LIC and HIC group. Mean score, median score, standard deviation and percent risks were calculated and reported for each individual instrument, overall SDH score, each individual factor, and 

pateint/community-centered factors. Mean scores for each outcome were compared between LIC/HIC groups using Wilcoxon Rank Sum Test, and the p-value is reported. There was a significant difference found 

in the health risk factor, with a p-value of 0.04.

Tally Scores Median Mean Percent Risk Standard Deviation Median Mean Percent Risk Standard Deviation P-value

Overall Scores

AHC Score (Out of 12) 0 0.91 7.58 1.52 0 0.96 8.00 1.50 0.96

PRAPARE Score (Out of 15) 2 2.38 15.87 1.39 3 2.62 17.47 2.02 0.57

Supplemental Score (Out of 11) 1 0.97 8.82 0.92 1 1.25 11.36 1.58 0.88

Overall SDH Score (Out of 38) 3 4.27 11.24 2.92 4 4.85 12.76 3.58 0.20

SDH Domain Scores

Economic Score (Out of 13) 1 1.26 9.69 1.38 1 1.62 12.46 1.90 0.43

Education Score (Out of 8) 0 0.69 8.63 1.10 1 0.81 10.13 0.96 0.29

Neighborhood Score (Out of 8) 1 0.78 9.75 0.90 1 0.85 10.63 0.98 0.79

Social Score (Out of 3) 0 0.13 4.33 0.41 0 0.14 4.67 0.45 0.98

 Health Score (Out of 6) 1 1.41 23.50 0.72 1 1.40 23.33 0.88 0.59

Patient/Community Scores

Patient Factor Score (Out of 32) 3 3.68 11.50 2.83 3 3.81 11.91 3.03 0.82

Community Factor Score (Out of 6) 1 0.58 9.60 0.66 1 1.03 17.17 1.15 0.10

Table 9: Descriptive Statistics and Wilcoxon Rank Sum Mean Score Comparison of Social Determinant of Health Outcomes for Urban/Rural Group Comparison

Urban Rural

SDH outcomes by Urban and Rural classification. Mean score, median score, standard deviation and percent risks were calculated and reported for each individual instrument, overall SDH score, each 

individual factor, and pateint/community-centered factors. Mean scores for each outcome were compared between urban/rural groups using Wilcoxon Rank Sum Test, and the p-value is reported. There 

were no isignificant differences in scores found.
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A univariate analysis was done to see which factors affect the total AHC score 

and the total overall SDH score. Age, and the treatment comparison group were both 

related to total AHC scores. Age was related to the total overall SDH score (Table 11). 

Using a cutoff p-value of 0.3 to account for possibly significant interactions, age, 

treatment comparison group, and glioma grade were all included in the multivariable 

analysis for the AHC score. While age and glioma type were included in the 

multivariable analysis for the overall SDH score. Race, and gender (common 

confounding variables) were included in both the AHC and overall SDH score 

multivariable analyses, and whether the participant had recurrence was also included in 

both the AHC and overall SDH multivariable analyses due to its importance/significance 

with the comparison groups (both LIC/HIC comparison group and treatment group) in the 

demographic tables. In the multivariable analysis, for all three comparison groups, age 

was found to be significantly associated to the total AHC score, with older age being 

associated with a lower relative risk. Not having recurrence had a significant inverse 

association with the overall SDH score, with not having recurrence having a lower 

Scores Median Mean Percent Risk Standard Deviation Median Mean Percent Risk Standard Deviation P-value

Overall Scores

AHC Score (Out of 12) 0 0.60 5.00 1.00 1 1.26 10.50 1.85 0.05

PRAPARE Score (Out of 15) 2 2.47 16.47 1.67 2 2.42 16.13 1.48 0.71

Supplemental Score (Out of 11) 1 1.17 10.64 1.33 1 0.91 8.27 0.88 0.58

Overall SDH Score (Out of 38) 3 4.25 11.18 2.85 4 4.61 12.13 3.36 0.96

SDH Domain Scores

Economic Score (Out of 13) 1 1.21 9.31 1.43 1 1.51 11.61 1.64 0.65

Education Score (Out of 8) 1 0.88 11.00 1.17 0 0.57 7.13 0.91 0.15

Neighborhood Score (Out of 8) 1 0.64 8.00 0.79 1 0.95 11.88 1.01 0.10

Social Score (Out of 3) 0 0.07 2.30 0.33 0 0.20 6.67 0.49 0.10

 Health Score (Out of 6) 1 1.43 23.83 0.80 1 1.38 23.00 0.73 0.83

Patient/Community Scores

Patient Factor Score (Out of 32) 3 3.43 10.72 2.49 3 4.02 12.56 3.23 0.63

Community Factor Score (Out of 6) 1 0.78 13.00 0.96 1 0.63 10.50 0.69 0.64

Table 10: Descriptive Statistics and Wilcoxon Rank Sum Mean Score Comparison of Social Determinant of Health Outcomes for Active Treatment/Surveillance Group Comparison

SurveillanceActive Treatment

SDH outcomes by treatment group. Mean score, median score, standard deviation and percent risks were calculated and reported for each individual instrument, overall SDH score, each individual factor, 

and pateint/community-centered factors. Mean scores for each outcome were compared between treatment groups using Wilcoxon Rank Sum Test, and the p-value is reported. The AHC score was 

significantly different between the treatment groups, with a p-value of 0.05.
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relative risk than having recurrence. Glioma type, specifically having astrocytoma, was 

significantly positively associated when controlling for LIC/HIC and surveillance/active 

treatment with being diagnosed with astrocytoma presenting a higher relative risk than 

being diagnosed with the other category of gliomas (Tables 12-14).  

    

 

Variable (Reference Group) Estimate Lower Upper P-value Estimate Lower Upper P-value

Age 0.96 0.94 0.98 <0.01 0.99 0.98 1.00 0.04

Gender (Male) 1.17 0.61 2.22 0.63 1.05 0.82 1.34 0.71

Race (White) 2.28 0.89 6.47 0.09 1.30 0.86 1.97 0.21

Glioma Type (Other)

Oligodendroglioma 1.60 0.46 5.47 0.44 1.25 0.76 2.09 0.38

Astrocytoma 1.47 0.46 4.58 0.50 1.45 0.92 2.32 0.11

GBM 0.72 0.22 2.30 0.58 1.17 0.74 1.87 0.49

Glioma Grade (Low) 0.60 0.31 1.12 0.10 1.01 0.79 1.30 0.94

Distance from the CCC (≤ 50 Miles) 1.18 0.62 2.28 0.61 1.09 0.84 1.40 0.52

Time From Diagnosis 1.00 1.00 1.03 0.97 1.00 1.00 1.00 0.49

Extent of Resection (Subtotal Resection)

Biopsy 0.74 0.31 1.77 0.49 0.93 0.67 1.29 0.64

Gross Total Resection 0.85 0.41 1.76 0.67 0.90 0.68 1.20 0.48

Recurrence (Yes) 1.10 0.57 2.11 0.77 0.84 0.66 1.08 0.18

LIC/HIC (LIC) 1.01 0.51 2.03 0.97 0.98 0.75 1.28 0.89

Rurality (Urban) 1.05 0.51 2.18 0.89 1.14 0.86 1.49 0.36

Treatment Group (Surveillance) 0.48 0.25 0.90 0.02 0.92 0.72 1.18 0.52

Confidence Intervals Confidence Intervals

Overall SDH ScoreTotal AHC Score

Table 11: Univariate Negative Binomial Regression Analysis of General Demographic and Clinical Characteristics and the Association with 

AHC and Total Scores

Abbreviations: CCC: Comprehensive Cancer Center; GBM: Glioblastoma; LIC: Low-income community; HIC: High-income community

Negative binomial regression was performed. The estimates are the relative risk, calculated by   ,  where x is the regression estimate for 

the variable. P-values are then reported for the relative risk of the variable, in comparison to the reference group for both the AHC and 

overall SDH scores/associations. Age and treatment group(active treatment) were found to be significantly associated with the AHC  

score (p <0.001, p =0.02 respectively), and age was found to be significantly associated with overall SDH score (p =0.04).
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Variable (Reference Goup) Estimate Lower Upper P-value Estimate Lower Upper P-value

Age 0.96 0.94 0.98 <0.01 0.99 0.98 1.00 0.12

Gender (Male) 1.00 0.55 1.82 0.99 0.99 0.78 1.25 0.93

Race (White) 1.91 0.77 4.83 0.15 1.17 0.77 1.74 0.45

Glioma Type (Other)

Oligodendroglioma - - - - 1.13 0.69 1.87 0.62

Astrocytoma - - - - 1.54 1.00 2.42 0.05

GBM - - - - 1.35 0.85 2.17 0.20

Recurrence (Yes) 0.58 0.31 1.06 0.08 0.73 0.57 0.92 0.01

LIC/HIC (LIC) 1.10 0.59 2.03 0.75 1.06 0.82 1.36 0.67

Total AHC Score Overall SDH Score

Confidence IntervalsConfidence Intervals

Table 12: LIC/HIC Multivariable Negative Binomial Regression Analysis of Significant General Demographic and Clinical 

Characteristics and the Association with AHC and Total Scores

Abbreviations GBM: Glioblastoma; LIC: Low-income community; HIC: High-income community

Negative binomial regression was performed. The estimates are the relative risk, calculated by   ,  where x is the 

regression estimate for the variable. P-values are then reported for the relative risk of the variable, in comparison to 

the reference group for both the AHC and overall SDH score, when taking into account general demographic variables 

(age, gender, and race) and significant clinical characteristics (recurrence for AHC and glioma type and recurrence for 

overall SDH), and the LIC/HIC comparison group. Age was found to be significantly associated with the AHC score (p 

<0.01). In regards to the association with overall SDH score, astrocytoma had a higher relative risk (p=0.05) than the 

"other" glioma group, while not getting recurrence had a lower relative risk (p = 0.01) than getting recurrence.

  

Variable (Reference Group) Estimate Lower Upper P-value Estimate Lower Upper P-value

Age 0.96 0.94 0.98 <0.01 0.99 0.98 1.00 0.09

Gender (Male) 1.00 0.56 1.82 1.00 0.98 0.78 1.24 0.88

Race (White) 2.12 0.84 5.42 0.10 1.26 0.83 1.89 0.27

Glioma Type (Other)

Oligodendroglioma - - - - 1.05 0.64 1.72 0.86

Astrocytoma - - - - 1.46 0.95 2.28 0.09

GBM - - - - 1.32 0.84 2.11 0.23

Recurrence (Yes) 0.56 0.30 1.02 0.06 0.72 0.57 0.91 0.01

Rurality (Urban) 1.39 0.72 2.66 0.31 1.25 0.96 1.62 0.09

Table 13: Urban/Rural Multivariable Negative Binomial Regression Analysis of Significant General Demographic and 

Clinical Characteristics and the Association with AHC and Total Scores

Overall SDH Score

Confidence Intervals

Total AHC Score

Confidence Intervals

Abbreviations: GBM: Glioblastoma

Negative binomial regression was performed. The estimates are the relative risk, calculated by   ,  where x is the 

regression estimate for the variable. P-values are then reported for the relative risk of the variable, in comparison to 

the reference group for both the AHC and overall SDH score, when taking into account general demographic variables 

(age, gender, and race) and significant clinical characteristics (recurrence for AHC and glioma type and recurrence for 

overall SDH) and the urban/rural comparison group. Age was found to be significantly associated with the AHC score 

(p <0.01). In regards to the association with overall SDH score, not getting recurrence had a lower relative risk (p = 

0.01) than getting recurrence.
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Variable (Reference Group) Estimate Lower Upper P-value Estimate Lower Upper P-value

Age 0.96 0.94 0.99 <0.01 0.99 0.98 1.00 0.13

Gender (Male) 0.94 0.52 1.72 0.83 0.98 0.78 1.25 0.89

Race (White) 1.79 0.73 4.51 0.19 1.16 0.77 1.73 0.47

Glioma Type (Other)

Oligodendroglioma - - - - 1.11 0.68 1.82 0.68

Astrocytoma - - - - 1.54 1.00 2.40 0.05

GBM - - - - 1.36 0.86 2.19 0.19

Recurrence (Yes) 0.56 0.30 1.03 0.06 0.73 0.58 0.92 0.01

Treatment (Surveillance) 0.73 0.38 1.41 0.33 0.96 0.74 1.24 0.74

Overall SDH ScoreAHC Score

Confidence Intervals Confidence Intervals

Table 14: Active Treatment/Surveillance Group Multivariable Negative Binomial Regression Analysis of Significant General 

Demographic and Clinical Characteristics and the Association with AHC and Total Scores

Abbreviations: GBM: Glioblastoma

Negative binomial regression was performed. The estimates are the relative risk, calculated by   ,  where x is the 

regression estimate for the variable. P-values are then reported for the relative risk of the variable, in comparison to the 

reference group for both the AHC and overall SDH score, when taking into account general demographic variables (age, 

gender, and race) and significant clinical characteristics (recurrence for AHC and glioma type and recurrence for overall 

SDH), and the treatment comparison group. Age was found to be significantly associated with the AHC score (p <0.01). In 

regards to the association with overall SDH score, astrocytoma had a higher relative risk (p=0.05) than the "other" glioma 

group, while not getting recurrence had a lower relative risk (p = 0.01) than getting recurrence.
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Chapter 4: Discussion 

The SDH risks for the sample were lower than expected, and outside of a few 

exceptions the hypothesized differences between the groups was not observed. The major 

findings from this study were (1) for the total sample, and for each comparison group, as 

seen by the percent risks, the highest social determinant risk for participants occurred in 

the health factor; (2) concerning the comparison groups, in the Wilcoxon rank sum tests 

in the comparing the mean instrument and individual factor scores, the health risk was 

significantly higher for those from the HIC group than those from the LIC group, while 

the AHC social determinant risk was higher for those in surveillance compared to those 

in active treatment; (3) after adjusting for other demographic factors, age was still 

significantly associated with the AHC risk, while age, glioma type, specifically 

astrocytoma, and whether the participant had recurrence were significantly associated 

with overall SDH risk.  

In other cancer SDH studies, factors like coming from a rural area or coming from 

SES deprived areas were associated with higher mortality rates.35 These higher mortality 

rates, were in part, thought to be due to negative social determinants of health.3,2,23,35 

Other factors, like not having a PCP or not having private insurance, or any insurance, 

were also associated with higher mortality rates in glioma patients.10 In groups that have 

these risk factors, which were commonly associated with higher mortality rates, the SDH 

risks would be expected to be moderate to relatively large. Yet, in this sample, that was 

not the case. For the total sample, and every group except the surveillance group, the 

AHC percent risk was below 10%. The overall SDH percent risk for the total sample was 

only 12%, which is quite low. While there is no data for risk scores from the AHC 
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instrument, a study done by Kusnoor et al., looked at social determinants of health at an 

urban healthcare clinic in Tennessee using the PRAPARE instrument.24 For the group, 

the median risk tally score was 4 points, with an interquartile range of 2 – 7 points. This 

sample consisted of patients from the community health clinic. While some participants 

had chronic diseases, most were from the general population.24 A study by Guy et al., 

found that compared to those who did not have cancer, those who had cancer had not 

only higher rates of comorbidities, but those with cancer and comorbidities thusly have a 

higher financial burden, indicating a higher SDH risk.19 Yet the PRAPARE median risk 

from the Kusnoor study, consisting of the general population,24 was higher than the 

median risk from this study, which would not be expected. It is possible that SDH being 

assessed by these instruments are not representative of the social determinants being 

faced by the sample and the overall population. These questionnaires were relatively 

broad, and the social determinants the patients face could be more specific to the disease 

(glioma) and the details associated with it. Another possibility is that the 

participants/patients are well supported socially. Overall, the social risk was the lowest 

risk factor in this sample. This low social score could be indicative of support that helps 

decrease negative SDH, lowering the risks. However, even with the low risks and low 

differences, there were still some differences observed within the group comparisons and 

the multivariable analysis. 

LIC/HIC group: 

 There were no significant differences in either the univariate or multivariable 

analyses for the AHC risk or the overall SDH risk. There was also no significant 

difference in SDH risks in any of the instruments, and in any of the domains, except one. 
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The health risk was slightly higher for the HIC group than the LIC group as found by the 

Wilcoxon rank sum tests. The questions that addressed the health factors looked at 

components like stress level, health insurance, PCP status and access to medications. 

Previous studies have shown how having a PCP and having insurance, especially private 

insurance, were both associated with higher survival rates in glioblastoma patients.10 The 

previous study by Bower et al., found that glioma patients coming from the HIC areas 

had higher survival rates than patients coming from LIC areas.7 These results from other 

studies would suggest that groups having higher survival rates should not have higher 

risk in insurance status and PCP status. However, of the questions from the health 

category, the one addressing stress level touches on an element that, in the literature, has 

not been studied as much, and could influence all glioma patients, but those coming from 

the HIC group disproportionately more than those coming from the LIC group. It is 

possible that HIC patients are experiencing higher levels of stress, putting them at a 

higher risk in the health factor.  

Urban/Rural group: 

  There were no significant differences in SDH risks between those residing in 

urban areas and those residing in rural areas, for any of the instruments or domains. There 

were also no significant differences in the univariate and multivariable analyses. This 

result was not expected; although there are a couple of possible reasons as to why there 

were no major differences. The first could be due to the subsamples of each group not 

being close in size, with the urban group having almost 3 times as many participants. 

This difference in sample sizes could be masking differences in social determinants that 

are present in the rural community but not adequately measured. Another possibility 
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could concern the questions asked. The community centered factors trended higher in 

those from rural areas compared to those from urban areas. However, there were only 6 

community-centered questions that could be scored. This trend points to an area where 

higher disparity for the rural patients could be present, but not yet addressed or measured.   

Surveillance/Active treatment: 

 The participants who were in the surveillance group had a higher AHC social 

determinant risk than those who were in active treatment in the Wilcoxon rank sum tests, 

and the univariate analysis. However, with the Wilcoxon rank sum tests, the surveillance 

group did not have a higher risk in any other instrument or individual domain. However, 

those in the surveillance trended higher in both neighborhood and social risk domainss, 

pointing to these factors as possible reasons for the higher AHC risk. The AHC addressed 

transportation needs, living situation, and problems that may be present in the home for 

the neighborhood factor, and need for help with daily activities and loneliness for the 

social factor. The PRAPARE instrument also assesses transportation needs and living 

situation, leaving the home environment as a risk area that could be contributing to the 

higher AHC risk within the surveillance group. Social elements were only measured by 

the AHC, and both the neighborhood factor and the social factor could be contributing to 

the higher AHC risk. This significant association with the AHC carried through to the 

univariate analysis, where being on active treatment was associated with a lower relative 

risk than being on surveillance. However, this result was not seen in the multivariable 

analysis. Treatment group was no longer significantly associated with AHC. One reason 

for the association being diminished in the multivariable analysis could be due to age.  
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Multivariable Analysis: 

 Age was found to be significantly associated with AHC risk but not with the 

overall SDH risk in the multivariable analyses. There was a lower relative risk, as age 

increased, indicative of an inverse association between age and AHC risk. This result is 

of particular interest when considering the group comparison between those in active 

treatment and those in surveillance. In the univariate analyses, the AHC risk was 

significantly higher for the surveillance group than the risk for the active treatment group. 

However, when controlling for age (and other general demographic and clinical factors), 

there is no significant association between the AHC score and the active 

treatment/surveillance groups. However, when age is removed from the multivariable 

analysis, a significant association between treatment group and the AHC risk is 

reestablished. Furthermore, the mean age between the two groups is significantly 

different, with the active treatment group being significantly older than the surveillance 

group. Age is significantly associated to both the active treatment/surveillance group and 

the AHC risk, making age to be a possible confounder in the relationship between 

treatment and the AHC risk. By accounting for age in the multivariable analysis, much of 

the association is explained.  

 However, this result raises the question of what allows age to be inversely 

associated with the AHC risk. Other studies have found that patients who were older, 

were at higher risk of having higher mortality.16,31,22 However, a higher mortality risk 

does not necessarily equate to a higher social determinant of health risk. There is a 

possibility that those who are older are more established and thusly have more resources 

and access to shared resources.30 Being older could allow for patients to be better 
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connected, thusly having the support needed when SDH risks arise. It is also possible that 

older patients are more likely to have caregivers that can provide assistance and support 

when possible social determinants arise. There could be a social component provided by 

caregivers that is lacking in those who are younger or are in surveillance and may not be 

in need of a caregiver. While age was significantly associated with AHC risk, it was not 

significantly associated with the overall SDH risk.   

 Another factor of interest in the multivariable analysis is recurrence status. 

Recurrence had a noteworthy association with the AHC risk and was significantly 

associated with the overall SDH risk for all three groups. Specifically, not having 

recurrence had a lower relative risk than having experienced recurrence. Although an 

association was not observed in the univariate analysis, recurrence was noticeably 

different in the LIC/HIC group and the treatment comparison group, and was therefore 

included in the multivariable models. The association to overall SDH risk makes sense; it 

is feasible that those who have recurrent tumors, or more disease and treatment burden, 

would have higher social determinant risk than those who do not have that recurrent 

tumor. Glioma type also had an association with the overall SDH risk in the multivariable 

analyses. Specifically, in reference to the “other” glioma group, being diagnosed with 

astrocytoma was significantly associated with the overall SDH risk for both the LIC/HIC 

comparison group and the treatment comparison group, but did not have a significant 

association to the overall SDH risk in the urban/rural comparison group. This strong 

association for astrocytoma and overall SDH risk was seen in the univariate analysis as 

well. Accounting and adjusting for recurrence, resulted in a slightly stronger association 

between astrocytoma and overall SDH risk for all the comparison groups. However, 
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when accounting for the grade of the glioma, the association between glioma type and 

overall SDH risk is diminished. These results suggest that there is a possible interaction 

occurring between glioma type, glioma grade (whether it is high or low), and recurrence 

status, and overall, recurrence has the strongest association with both outcomes.   

Strengths and Limitations: 

 There were a few strengths and weaknesses to this study. One strength was the 

prospective nature of the study. Many of the glioma related SDH studies have been 

retrospective, and thusly limited on the data that could be collected, by only being able to 

collect data from EMR. This study actively asked patients questions concerning their 

social determinants, allowing for a wider range of data to be collected. Another strength 

is that each of the five factors were addressed through questions on the survey, and that 

questions were also categorized as patient-centered and community-centered factors. This 

helped to give a more complete view of the areas with the highest risks, like health and 

health care factor for the total group, and the community-specific factors for the rural 

group. Another strength is that this study provided preliminary data that can help dictate 

and direct future studies on social determinants of health to the areas with the highest risk 

within the population. 

While there were some strengths to the study, there were also some limitations. 

The first limitation concerns the lack of a response rate measurement. The number of 

patients asked compared to the number of participants who agreed to participate was not 

quantitatively measured. Generally speaking, patients who were not doing well health 

wise, had cognitive impairment, or did not have time due to other appointments or other 

commitments tended to not participate in the study. This meant those who were healthy 
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and physically able to participate, had family who were able and willing to help complete 

the questionnaire, and had time to participate commonly did. This difference in who 

participated could have resulted in missed social determinants that a subset of participants 

could be facing.  Another limitation is the cross-sectional nature of the study. Because 

this data is not retrospective or longitudinal, there is not much survival data to be 

collected, making it difficult to relate social determinants to survival. While the social 

determinants of health for the glioma patients may be better quantified, it ultimately may 

not have any influence on the mortality rate differences occurring between the LIC and 

HIC groups.  

Another limitation surrounded the instruments used. The PRAPARE and AHC 

instruments are both validated instruments, and while they gave a general overview of the 

social determinants of health patients are facing, they did not speak community-centered 

factors. They were also modified to eliminate questions concerning domestic violence, to 

help maintain participant safety. Although the AHC had supplemental questions that 

could be added to the original questions as needed, there was no analyzing or scoring 

guide. Though PRAPARE had a scoring guide, there is not much data to see how the 

participants in this study compare to others who have been tested with this instrument. 

The tally scores calculated, to indicate the number of unmet social needs present in the 

sample, were relatively low, as mentioned previously, limiting the information that could 

be gained. Although the supplemental questionnaire was vital to addressing community 

factors, and helped fill in gaps in the personal-factors, it is not a validated instrument, and 

could result in some systematic error or bias. Although, this bias was somewhat 

addressed by having the same person conduct all the surveys. There were also still areas 
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left unasked or unaddressed by the surveys. Lastly, the separating and defining of urban 

and rural may have presented another limitation. Rural was defined as any place with a 

RUCA code of 4 or more (denotes a micropolitan area, a small city, or a rural area).43 

However, defining urban/rural a different may have provided a more accurate definition 

for this group. 
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Chapter 5: Conclusion 

 Overall, as measured by mean AHC and a total overall SDH scores, the SDH risk 

for glioma patients is relatively low. The highest SDH risks occurred in the health factor 

and economic factor, while the lowest SDH risk occurred in the social factor for the total 

sample. In the multivariable analyses, age was found to be significantly associated with 

AHC risk in all the models. Glioma type, specifically astrocytoma, and whether the 

participant had recurrence were both significantly associated with the overall SDH risk. 

Concerning significant or notable findings, the higher health risk observed in the HIC 

could possibly be due to stress, while the lack of difference observed between urban and 

rural groups could be due to lack of depth in the community-centered questions or the 

definition of rural used in the study. The social and neighborhood factors could be 

contributing to the higher AHC risk in the surveillance group. However, age also affects 

this relationship, acting as a confounder in this association.  
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Chapter 6: Future Studies 

 Ultimately, this data begins to show what kinds of social determinants of health 

glioma patients at the CCC are facing. For the total population, the health and economic 

factors presented the highest risks. This study also begins to assess which patients are 

more at risk. Some factors, like education, is higher in the LIC group, while factors like 

health is higher in the HIC group. The rural group had a higher mean risk in every factor 

but the health factor, although none of them were significant. The surveillance group had 

a higher AHC risk, with a higher neighborhood and social factor means, when compared 

to the active treatment group. Lastly, this study brings to light whether community-

centered or patient-centered factors are affecting patients more, and how that might affect 

the SDH risk seen in not only the instruments but also the individual factors. Although 

this information is helpful, there is so much more to be understood.  

One area of future study comes from taking a deeper dive into the questions and 

factors measured by the PRAPARE and AHC instruments. This further study could 

include measuring the percentage of participants who chose an underlined answer for 

each question, and then seeing the percentage of patients that chose an underlined answer 

once, twice, three times, etc. By comparing the proportions or percentage of patients in 

the comparison groups, a better understanding of the specific questions within each SDH 

factor can be had.  

 Another area of future study comes from the comparisons. The health factor 

presented a higher risk for those in the HIC group compared to those in the LIC group. 

The reason for this higher risk could be due to stress. Something measured with the 

contributing factors survey is stress, through a shortened perceived stress scale.12,11 While 
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initially meant to be explored in the qualitative portion of the overarching study, it also 

provides a great place to analyze for next steps. This measurement could be scored 

(which is done by adding the number of the chosen answers together)12 and the means of 

both groups (LIC and HIC) could be compared to see if there is indeed a difference in 

stress. Furthermore, a multivariable analysis could be done for the health risk and include 

the LIC/HIC comparison along with the perceived stress scale to see if stress affects the 

relationship between the health factor and the LIC/HIC grouping.  

The surveillance group had a higher AHC risk than the active treatment group. 

Both the neighborhood factor and the social factor trended higher for the surveillance 

group, and would offer an area for future study. However, a deeper dive into the effect 

age has on this relationship between the treatment group and AHC is also vital. Looking 

at the proportion of older patients who have caregivers compared to younger patients, and 

how that relates to the treatment groups, may be helpful in better describing and 

understanding the relationship between treatment group and AHC.  

Redefining urban and rural could also be beneficial to even out the two groups 

and see if there really is a difference in social determinants between the two groups. This 

alternative definition use census-tract rather than FIP codes based RUCA codes, or could 

occur using Waystar data.44 Waystar data provides rural and urban scores based on 

geocoding, and also provides a community look at varying social determinants. This data 

could assist in not only defining urban and rural, but also parsing out community specific 

factors that were left out of the questionnaire, or not able to be scored such as food 

access, transportation stress, and financial stress.44 Alongside the Waystar data, looking 
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at the Area Deprivation Index (ADI)34 could also give a more complete view of 

community social determinants. 

The second part of the overarching study provides another avenue for future study. 

Part two is a qualitative measure of the social determinants seen in part 1, through a 

series of focus groups and individual interviews with willing participants. The focus 

groups were separated by LIC and HIC, but it could be helpful to do focus groups that are 

based on whether the participant is in surveillance or active treatment. For the active 

treatment/surveillance group, issues surrounding social interaction and support (including 

caregiver support) and neighborhood environments could be discussed to parse out the 

higher AHC risk. If possible, these groups could also be separated by age, to see if there 

is a difference in the way older patients are facing social determinants when compared to 

younger patients. Furthermore, conducting focus groups with the family members and 

caregivers may be beneficial as well. Some participants may not be experiencing negative 

social determinants, due to family and caregivers going without to provide for the patient. 

If this were the case, with even a small subset of participants, then it would be an 

important thing to capture and measure.  

However, more than describing the results seen, the focus groups could also 

provide a deeper understanding of the questions that need to be asked. While both 

PRAPARE and AHC were good for addressing broad, surface level social determinants, 

there may be other unaddressed factors facing glioma participants that need to asked 

about on a more regular basis. These factors may include concepts like access to 

disability, especially after multiple treatments, struggles with going back to work after 

treatment or navigating work while on treatment, and dealing with new deficits due to 
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resection or treatment of tumor, among other questions that should address social and 

neighborhood factors. Alongside the focus groups, the deeper dive into the specific 

questions asked by both the PRAPARE instrument and the AHC could be beneficial in 

creating questionnaires that better address the social determinants the population may be 

facing. 
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