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ABSTRACT 

 

The effects of socioeconomic status (SES) on Parkinson’s disease (PD) have not 

been widely studied, and the effects of SES on PD progression remain unknown. To 

understand this relationship, we conducted a medical record chart review of PD patients 

at Wake Forest Baptist Medical Center (WFBMC). The Levodopa Equivalent Daily Dose 

(LEDD) was calculated for high (N=50) and low (N=50) SES cohorts at their first 

available visit in the medical records, denoted as baseline, and a one-year follow up visit. 

These values were then compared for each cohort with year one LEDD as the primary 

outcome variable. The year one LEDD of the high SES cohort was 513 ± 308 mg, while 

the year one LEDD for the low SES cohort was 647 ± 382 mg. The results of this study 

found that there is not a significant difference in the year one LEDD between cohorts 

when accounting for gender, race, age, and baseline LEDD (p=0.46). However, this study 

did find that the low SES cohort had a significantly greater LEDD at baseline than the 

high SES cohort when other variables were not taken into account (p=0.035). The 

findings of our study necessitate further investigation into how SES affects the 

progression of PD within United States (US) populations by demonstrating 

socioeconomic disparities in PD progression are left to be uncovered, and our study’s 

design provides valuable insight for conducting research on this complex relationship in 

the future.  
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CHAPTER I 

 

INTRODUCTION 

Parkinson’s disease (PD) is the second most common neurodegenerative disorder 

and affects 1-2% of the population over the age of 65 (Alvez, et. al., 2008).  Disease 

pathogenesis is characterized by the degeneration of nigrostriatal dopaminergic pathways 

and by the presence of α-synuclein containing Lewy bodies within the nervous system. 

Specifically, this degeneration occurs in the pigmented cells of the substantia nigra pars 

compacta (SNc) (Bartels and Leenders, 2009). The three cardinal symptoms of PD are 

tremor, bradykinesia, and rigidity (Bereczki, 2010) with postural instability as a fourth 

feature that occurs in roughly 50% of PD cases (DeMaagd, et. al., 2015). Most patients 

also present with non-motor symptoms such as constipation, mild cognitive impairment 

(MCI), hyposmia, insomnia, and fatigue (DeMaagd, et. al., 2015). PD is a clinical 

diagnosis that is usually made when a patient presents asymmetrically with two or more 

of the cardinal motor symptoms and is responsive to levodopa medications as codified in 

the United Kingdom (UK) PD Brain bank criteria (Hughes, et. al., 1992).  

In the US, the total direct and indirect cost of PD in 2010 was estimated at 20.7 

billion dollars, and the number of PD patients is expected to double by the year 2040 

(Kowal, et. al., 2013). Given the substantial economic burden PD places, and will place 

on the US healthcare system, it is essential to explore what factors will affect treatment 

efficacy and delivery. Though both genetic and environmental risk factors for PD have 

been identified (Alvez, et. al., 2008; Gorel, et. al., 1997), the effects of social 

determinants of health on PD such as race and socioeconomic status have not been fully 

elucidated.  
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The impact of race and ethnicity on PD patients is largely unclear, and studies 

have reached contradictory conclusions. A 1993 study found that African Americans had 

a greater PD incidence rate than Caucasians and Latinos (Mayeux, et. al., 1995), but a 

2003 study found that Hispanics and Caucasians had a greater PD incidence rate than 

African Americans, even though the differences in the latter study were not statistically 

significant (Van Den Eeden, et. al., 2003). More recent studies suggest that African 

American patients are less likely to be diagnosed with PD than their Caucasian 

counterparts and have significantly lower PD incidence rates (Dahodwala, et. al., 2009). 

The likelihood of receiving care also varies with race. A subsequent study observing 

Pennsylvania Medicaid users found that African Americans are four times less likely to 

receive PD treatment and indicated medications than Caucasian patients (Dahodwala, et. 

al., 2009), and this trend persisted in a national sample to a lesser extent (Dahodwala, et. 

al., 2017). Though their results are imperfectly aligned, these studies constitute the body 

of literature to date on this understudied topic. Further investigation is required into how 

social determinants of health affect PD, especially given the association between race and 

socioeconomic status (SES) within the US (Williams, et. al., 2016). 

The relationship between SES and PD has not widely investigated. The paucity of 

data on PD can be supplemented by reference to the effect of SES on other illnesses. One 

study performed across eight Western European countries found that individuals of low 

SES have higher disease prevalence for many common chronic illnesses, including 

diseases of the nervous system (Dalstra, et. al., 2005).  In line with these findings, a 2008 

study observing the effects of SES on Multiple Sclerosis (MS) found that individuals of 

low SES experience a greater risk of having MS with a comorbidity than high SES 



7 
 

individuals (Marrie, et. al., 2008). These studies suggest that an inverse relationship 

between SES and PD risk might be expected, but literature on this topic has not thus far 

provided a consensus. 

 A study looking at the effects of occupation on PD and Amyotrophic Lateral 

Sclerosis (ALS) mortality concluded that individuals in occupations associated with 

higher SES had an increased rate of mortality from PD and ALS, although this 

relationship was less strong in PD patients (Beard, et. Al, 2017). This study’s findings are 

not isolated. In Switzerland, a prospective cohort study of over four and a half million 

people found that individuals with occupations associated with high SES had a greater 

PD incidence than individuals with lower SES occupations (Yang, et. Al, 2016). While 

these studies suggest that higher SES is associated with increased incidence and mortality 

in PD patients, they contradict other studies on the relationship between PD and SES. A 

study out of Canada found that PD places a greater burden on low-income areas, and that 

individuals living in areas of low SES have significantly greater PD prevalence than 

individuals living in high SES areas (Lix, et. al., 2009). Our understanding of the 

relationship between SES and PD is further complicated by a study performed in North 

East Scotland, which found that PD incidence does not differ across socioeconomic 

statuses (Caslake, et. al., 2013).  

Knowledge of the effect that SES has on PD is limited further when the scope is 

narrowed to the United States. Much of the research on SES and PD uses non-US 

populations. Historical differences between the US and Western Europe have led to 

differences in healthcare systems and health disparity research (Docteur and Berenson, 

2014). The history of Western Europe has made researchers weary of grouping ethnic 
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minorities together, and health equity research focuses more on socioeconomic factors 

such as income, education, and occupation (Docteur and Berenson, 2014).  In contrast, 

the history of slavery and racial oppression in the United States has led researchers to 

focus more on racial and ethnic disparities in health while paying less attention to 

socioeconomic factors (Isaac and Schroeder, 2004). The research on SES and PD within 

the US is lacking studies with powerful designs, geographic diversity, and racial and 

ethnic diversity within study populations. Due to the variety of environmental risk factors 

that have been associated with PD (Lau and Breteler, 2006), the relationship between an 

individual’s socioeconomic environment and PD is important to our understanding of this 

complex disease and necessitates SES research within US populations. Furthermore, 

studies on SES and PD focus primarily on PD risk and do not address how SES affects 

the course of PD.  

While previously mentioned studies on SES and PD have focused on incidence, 

prevalence, and mortality, there is a pronounced deficit in the literature when it comes to 

the effects SES has on PD progression and PD disability. One study out of Maryland 

performed a cross-sectional analysis that showed African American patients and 

individuals with lower annual incomes live with greater PD severity and disability 

(Hemming, et. al., 2011). To our knowledge, this is the only study to isolate a 

relationship between low SES and PD severity within the United States. That being said, 

it does not observe how differences in disease severity manifest over time. The effect of 

socioeconomic status on the progression of Parkinson’s disease remains unknown. It is 

essential to understand how an individual’s SES can contribute to the progression of their 

disease so that more effective treatment interventions can be employed in the future.  
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These thoughts have led to the following Specific Aims: 

 Specific Aim 1: To determine if there is a correlation between 

socioeconomic status and Parkinson’s disease progression in patients at Wake Forest 

Baptist Medical Center over a one-year period as shown by the Levodopa Equivalent 

Daily Dose of a one-year follow-up visit, adjusting for other variables available in the 

medical record including potential confounding variables. 

 Specific Aim 2: To provide descriptive statistics of Parkinson’s disease 

progression for low and high SES individuals over the course of two years. 
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CHAPTER II 

 

THE EFFECTS OF SOCIOECONOMIC STATUS ON THE PROGRESSION OF 

PARKINSON’S DISEASE 

Abstract: 

Background: Research has shown that minorities and individuals with lower annual 

income live with more severe Parkinson’s disease (PD) than Caucasians and individuals 

with higher annual income (Hemming, et. al., 2011); however, it is not known how that 

difference in severity manifests overtime.  

Methods: We conducted a medical record review from a sample of all PD patients seen at 

a single medical center over the last ten years (1/1/2007-12/31/2016). Patients were 

categorized as low or high socioeconomic status (SES) according to the median 

household income of their 2014 census block group based on their last address available 

in the medical record as of September 2017, and N=50 patients were enrolled in a high 

SES cohort while N=50 patients were enrolled in a low SES cohort. Patients were 

evaluated at their first available visit in the medical record, referred to as baseline visit, 

and one-year follow-up visit to determine if a difference in year one Levodopa 

Equivalent Daily Dose (LEDD) existed between SES groups when accounting for gender, 

race, baseline age, and baseline LEDD. Patients with available data also had two-year 

follow-up LEDDs recorded for descriptive longitudinal analysis. 

Results: This study found the year one LEDD for the high and low SES cohorts were 513 

± 308 mg and 647 ± 382 mg, respectively (p= 0.46), and that there is not a significant 

difference in the year one LEDD between cohorts when accounting for gender, race, age, 
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and baseline LEDD. The difference in LEDD from baseline to one year was 164 ± 183 

mg for the high SES cohort and 154 ± 190 mg for the low SES cohort (p=0.79).  

Conclusions: The findings of this study demonstrate the potential to uncover SES 

differences in PD by uncovering significant differences in baseline characteristics within 

our patient population. Our findings suggest that PD patients of lower SES are potentially 

facing barriers to specialized care, and our study offers direction for more effective 

evaluation of this topic in the future. 

Introduction: 

 Parkinson’s disease is the second most common neurodegenerative disease 

affecting 1-2% of the population over the age of 65 (Alvez, et. al., 2008). A variety of 

risk factors has been associated with PD (Alvez, et. al., 2008; Gorell, et al., 1997), but the 

effects of social determinants of health on PD are not known. Current literature suggests 

that there is a relationship between race and PD diagnosis (Dahodwala, et. al., 2009), and 

that African American patients are less likely to receive PD treatment and indicated 

medications than their Caucasian counterparts (Dahodwala, et. al. 2009; Dahodwala, et. 

al., 2017). Findings in the literature evaluating the effects of SES on PD is imperfectly 

aligned. Some studies have found that high SES populations have a higher incidence of 

PD than low SES populations (Yang, et. Al, 2016), while others have found that there is 

no difference in PD incidence (Caslake, et. al., 2013). Going against this trend, it has also 

been shown that areas of low SES have higher prevalence of PD than areas of high SES 

(Lix, et. al., 2009).  The relationship between SES and PD risk is not clear. Furthermore, 

current literature is primarily focused on the effects of SES on PD risk and prevalence, 

and few have looked into how SES affects PD severity or progression. Those who have 
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looked into the effects of SES on PD severity found that African Americans and 

individuals with lower annual income live with greater PD severity on average than their 

Caucasian and higher SES counterparts, respectively (Hemming, et. al., 2011). Despite 

this, it has not been shown how this difference manifests over time, and the effects of 

socioeconomic status on PD progression remain unknown. 

 The goal of this study is to provide evidence that looking into the relationship 

between SES and PD progression is important. We conducted a medical record review of 

a sample of all PD patients seen at Wake Forest Baptist Medical Center (WFBMC) over 

the last ten years and tracked patient medication regimens from a patient’s first available 

visit in the Electronic Medical Record (EMR), denoted as baseline, to one-year follow-

up. Collection was also performed through two-year follow-up when data was available, 

but data at that time interval serves strictly a descriptive purpose. The Levodopa 

Equivalent Daily Dose was used to assess disease severity with higher LEDD 

corresponding to greater disease severity and vice versa. LEDD was used because of data 

completeness, and because it has been shown to have a correlation of 0.44 with Hoehn-

Yahr Staging when assessing PD severity, while UPDRS-III has a correlation with 

Hoehn-Yahr Staging of 0.69 (Martinez-Martin, et. al., 2016). The median annual 

household income of a patient’s census block group was used to classify a patient’s SES 

with an income of less than $30,000 dollars corresponding to low SES and an income of 

greater than $60,000 corresponding to high SES (Vine, et. al., 2012).  Our hypothesis at 

the start of this study was that the low SES cohort would display greater PD progression 

over the course of one year as shown by having a greater year one LEDD than the high 
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SES cohort at the one-year follow-up period, adjusted for other variables available in the 

medical record including potential confounding variables. 

Methods: 

Study Design and Participants: A medical record review was conducted on a sample 

from all PD patients seen at WFBMC. Patient information was provided by the Wake 

Forest Clinical and Translational Science Institute (CTSI), and data was collected from 

the EMR at WFBMC. The data extraction query identified all patients seen at WFBMC 

within the last ten years (1/1/2007-12/31/2016) with a PD diagnosis specified by ICD IX: 

332 or ICD X: G20. The original data query provided 5,158 patients, and the following 

information was provided for each patient: medical record number (MRN), age at data 

extraction, gender, self-reported race, date of PD diagnosis within the EMR, annual 

income of 2014 census block group, zip code, and mixed race information. The original 

dataset was presented in order of descending zipcode and was re-ordered by descending 

annual income of census block groups for collection purposes. Data collection for the low 

SES cohort started at the patient with the lowest block group income and proceeded in 

ascending order of block group income. Data collection for the high SES cohort started at 

the patient with the highest block group income and proceeded in descending order. That 

being said, following this procedure exactly would not have yielded an adequate number 

of African Americans in the study, especially for the high SES cohort. Therefore, lack of 

racial diversity within the dataset required African Americans to be preferentially 

enrolled out of order. The maximum number of African American patients in the high 

SES cohort was obtained, and that number was frequency matched in the low SES cohort 
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to maximize inclusion of African American patients in the study. This procedure was 

used to enroll fifty patients in each cohort (Figure 2.1). 

Inclusion/ Exclusion Criteria: To be included in the study, patients needed to meet the 

following criteria: PD diagnosis confirmed by ICD coding within the EMR, must have at 

least two office visits recorded that are one year (± 3 months) apart, and must have a 

geocodable address with an American Census Society (ACS) block group income aligned 

with specified SES ranges. For two-year follow-up LEDD to be recorded, pateints needed 

to have a two-year follow-up visit that fell within the annual interval (± 3 months) of both 

their baseline and one-year follow-up visit. Patients were excluded from the study if they 

met any one of the following diagnostic criteria within the timeframe of observation: 

Deep Brain Stimulation (DBS) surgery or a diagnosis of bi-polar disorder, Progressive 

Supranuclear Palsy (PSP), Schizophrenia, or drug induced Parkinsonism. These criteria 

were chosen due to the confounding treatment effect these conditions have on patient 

care, as medication regimens for these patients differ from PD patients within our target 

population (NIH.Gov; Birtwistle and Baldwin, 1998). Patients were also excluded if they 

had an ACS income outside of the specified income interval, incomplete patient records, 

or if their one-year follow-up did not fall within the specified annual follow-up timeframe 

of their baseline visit. Patients were excluded from longitudinal analysis if their two-year 

follow-up was not within the annual interval of both their baseline and one-year follow-

up visit.  
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Figure 2.1: Flow Chart of Patient Acquisition 

 

Measuring SES and Disease Severity: The median annual household income of a 

patient’s census block group, based on their last address available in the medical record 

as of  September 2017, was used as a proxy for SES. An annual income of less than 

$30,000 corresponded to low SES and an annual income of greater than $60,000 

corresponded to high SES (Vine, et. al., 2012). The average census block group contains 

1000 residents (Krieger, et. al., 2002), and the annual income of this geographic subunit 
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was used because census block groups more effectively delineate areas of poverty and 

wealth than zip codes and census tracts (Krieger, et. al., 1997).  The LEDD was used as a 

proxy for disease severity with higher LEDD corresponding to greater disease severity 

and vice versa. The LEDD is the daily dose of levodopa required to keep a patient's 

motor symptoms under control. This metric was chosen, in part, because it is easily 

calculated from a patient’s medication regimen (Table 2.1). The Unified Parkinson’s 

Disease Rating Scale-III (UPDRS-III) was also collected when available. The UPDRS-III 

is a global assessment performed by clinicians put forward by the Movement Disorder 

Society and measures the severity of motor symptoms in PD patients (Goetz, et. al., 

2008).  UPDRS-III scores range from 0 to 72. A score of zero corresponds to no motor 

symptoms, and a score of 72 corresponding to severe motor symptoms in all areas of 

motor symptom measurement (Goetz, et. al., 2008). Patients with mild to moderate PD 

are expected to have a UPDRS-III score up to 32 or 33, while patients with moderate to 

severe PD are expected to have scores up to 58 or 59 (Martinez-Martin, et. al., 2015). 

While UPDRS-III is a more accurate measurement of disease severity (Martinez-Martin, 

et. al., 2016), the LEDD was used as the primary measurement of disease severity in this 

study because it was much more reliably recorded in our dataset. 
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Table 2.1: LEDD Conversion Factors for Parkinson’s Disease Medications 

Dopamine Dopamine Agonists Extenders 

Drug Conversion Factor Drug Conversion Factor Drug Conversion Factor 

Rytary 0.6  Amantadine 1  Azilect 10 

Sinemet 1  Apomorphine 10  Entacapone 0  

Sinemet 

CR 

0.75 Mirapex 100 Selegiline  

Oral 

10 

Stalevo 1.33 Pramipexole 100 Selegiline 

Sublingual 

80 

  
Requip 20  

  

  
Requip XL 20  

  

  
Ropinirole 20  

  

  
Ropinirole 

CR 

20  
  

  
Rotigotine 30 

  

Table of conversion factors used to calculate the Levodopa Equivalent Daily Dose (LEDD) from Parkinson’s disease (PD) 

medications. Calculations were done by multiplying the daily dose in milligrams for each medication by the drug’s conversion factor 

(Parkinson’s disease Measurement Calculator; Smith, et. al., 2010; Cervantes-Arrigal, et. al., 2009; FDA.gov). 
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Data Measures: The EMR was accessed for each patient in order to collect necessary 

data. Patient MRNs were used to access each individual’s EMR, and patients were 

screened for exclusion diagnoses. Patients that were eligible with respect to diagnostic 

criteria had the following filters applied to their medical records: Department specialty = 

Neurology, Encounter Department = Neurology, Encounter Type = Historical 

Encounters, Initial Consults, and Office Visits. Patient records were then observed to 

ensure that patients had office visits within the specified yearly interval of one-year ± 3 

months. If patients met all inclusion criteria and did not meet any exclusion criteria, the 

patients’ records were accessed and data was recorded. The patients’ medications were 

collected for the first available visit in the EMR, which is denoted as baseline visit from 

this point forward, and LEDD was calculated using the conversion factors presented in 

Table 2.1. If a change in medication was made at the end of an office visit, that 

prescription was used to calculate the LEDD. The following data was also collected for 

each patient when present: UPDRS-III with specified on/off medication state, patient age 

at baseline visit, the nature of the patients’ PD (tremor-predominant, akinetic-rigid, or 

other), months since motor symptom onset from baseline visit, PD medications 

prescribed other than sinemet, and months between baseline and year one follow-up 

visits. Patients classified as “other” were PD patients who did not meet exclusion criteria 

with a disease etiology that was unspecified, unknown, or thought to be vascular in 

origin. Duration of PD was obtained from patient report within the EMR. This was then 

repeated for the one-year follow up visit. If a patient had a two-year follow up visit 

within the specified interval of both their baseline and one-year follow-up visits, they 
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were marked as having more longitudinal data, and LEDD was recorded for their two-

year follow-up visit. 

Sample Size Estimation: A two-sample t-test comparing mean differences was used to 

estimate a sample size of N=24 in each group to achieve 80% power for detecting a true 

difference between mean differences of 150 mg. The calculation assumes a null 

hypothesis of no difference and an alpha level of 0.05 to signify statistical significance 

(two-sided test). For purposes of the estimation, we used the higher value of the two 

within-group standard deviations (standard deviations= 180 and 145) for the mean 

difference in LEDD based on our preliminary data, as this procedure provides a more 

conservative sample size estimate on average. A target sample size of N=50 was then 

specified for each group to ensure adequate study power. The result of this calculation 

was also used to estimate sample sizes for stratified analysis by race/ethnicity. At least 24 

African American patients and 24 non-African American participants are needed per 

group for adequate power in stratified analyses. 

Statistical Analysis: LEDD and other continuous variables were evaluated as means, and 

categorical variables were evaluated as frequencies. A student t-test assuming a two-

tailed 0.05 significance level was used compare continuous variables across two groups. 

This procedure compared the mean baseline LEDD, difference LEDD, and year one 

LEDD between each SES cohort, as well as mean baseline age, baseline off-medication 

UPDRS-III score, disease duration from baseline, and months between baseline and year 

one follow-up visits. Stratified analyses of baseline LEDD were also performed for 

comparison of SES groups stratified by gender, race, and type of PD. A chi-squared test 

was used to test for significant associations between SES and gender, race, and PD 
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classifications. Simple linear regression was used to assess the year one LEDD between 

each cohort, as well as to assess the relationship of each co-variable with year one LEDD. 

A multiple linear regression model was employed to assess the difference in mean year 

one LEDD between SES groups accounting for SES, gender, race, baseline age, and 

baseline LEDD. Post hoc secondary analyses were also performed on patients with 

disease duration data available. These tests were used to observe the effects of accounting 

for missing data by including disease duration from baseline within the final regression 

model. Chi-squared tests were also used to determine if significant differences in baseline 

data and demographic proportions existed between patients with disease duration and 

patients without disease duration available. Separate analyses also tested the effects of 

excluding age and race from the model. These procedures were performed to ensure the 

study’s findings were robust despite missing data and co-variable constraints placed on 

the final model. Patients with available data had their two-year follow-up LEDDs 

recorded for descriptive purposes. The descriptive longitudinal data for each patient was 

plotted by cohort, the mean LEDD values for each cohort was calculated and plotted, and 

this calculation was stratified by the subgroups gender and race. All modeling and 

analyses were performed using SAS 9.4® software (SAS Institute Inc., Cary, NC, USA) 

and assumed a 0.05 significance level. 

Co-variable Selection: Of the variables collected, the following were considered for 

inclusion in the analysis model with year one LEDD as the outcome variable and SES as 

the primary explanatory variable of interest: SES, race, gender, baseline age, year of 

baseline visit, type of PD, and baseline LEDD. Disease duration from baseline was not 

considered for inclusion in the model since it was missing in more than 10% of patients. 
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Race was classified as either non-African American or African American during all 

modeling procedures. Year of baseline visit was classified as either less than or equal to 

2012 or greater than or equal to 2013 and was treated as a categorical variable at all steps 

of the analysis. This was done to limit biases created by treatment evolution and/or 

medical center staff changes that may have occurred within this study’s window of 

observation. Age at baseline visit was treated as a centered variable around a value of 70 

years old for all steps of the analysis. Near collinearity between variables was checked 

for all pairs of co-variables using association measures. This was done to avoid 

collinearity issues such as regression coefficient instability. Pearson Correlations were 

used to test for associations between continuous variables. A student t-test was used to 

test continuous and categorical variables with two levels of classification. Odds ratios 

were used to assess relationships between categorical variables with two levels of 

classification. A Chi-squared test was used to assess the relationship between categorical 

variables with two levels of classification and categorical variables with more than two 

levels of classification, and linear regression was used to check for near collinearity 

between continuous variables and categorical variables with more than two levels of 

classification. A backward selection procedure was then used for systematic selection of 

co-variables in the analysis model with year one LEDD as the outcome variable and SES 

as the primary explanatory variable. All variables were included in a multiple linear 

regression model, and co-variables were eliminated from the model in a stepwise fashion. 

Criteria for co-variable exclusion was based on a co-variable’s F statistic within the 

model. The co-variable with the least significant F statistic at each step was removed 

from the model unless otherwise specified until all variables were significant at p=0.05. 
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Interaction terms of all pairs of co-variables were also tested at the first step of this 

procedure. The variable elimination process was constrained to always retain race in the 

model, because it has been shown to affect PD severity (Hemming, et. al., 2011). 

Similarly, age was always retained in the model because of its known effects on PD 

disability (Diamond, et. al., 1989).  

Results:  

Baseline Characteristics:  This study observed a sample of patients from the extreme 

ends of high and low SES out of 5,158 PD patients who were seen at WFBMC over the 

last ten years (1/1/2007-12/31/2016). Of those patients, N=50 were enrolled in a high 

SES cohort and N=50 were enrolled in a low SES cohort based on median annual 

houshold income of their 2014 ACS block group. The means ± SDs for age at baseline 

visit in the high and low SES cohorts were 67.3 ± 10 and 70.1 ± 8.88, respectively (p= 

0.14). The mean duration of motor symptoms at baseline visit in the high SES cohort was 

26.7 ± 24.4 months, while the mean duration of motor symptoms in the low SES cohort 

was 64.4 ± 63.3 months (p= 0.001). Data on duration of motor symptoms was available 

from the medical record in N=38 (76%) high SES patients and N=40 (80%) low SES 

patients; data on off-medication UPDRS-III score was available in N=24 (48%) high and 

N=21 (42%) low SES patients. The high SES cohort had a significantly lower off-

medication UPDRS-III score at baseline than the low SES cohort. The UPDRS score 

means for the high and low SES cohorts were 25.7 ± 13.5 and 39.8 ± 15.1, respectively 

(p=0.002). The mean baseline LEDD was 349 ± 286 mg for the high SES cohort and 493 

± 381 mg for the low SES cohort (p= 0.035). (Table 2.2). Stratified baseline LEDD’s can 

also be seen in Table 2.3. 
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Table 2.2: Baseline Characteristics and Demographics 

Characteristic Low SES (N=50) 

Means ± SD 

[or Count (%)] 

High SES (N=50) 

Means ± SD 

[or Count (%)] 

p-value 

Average Income $22,685  $104,897  - 

Annual Block Income Range $2,499 - $28,315 $73,582 - $189,896 - 

Age Baseline (years) 70.1 ± 8.88 67.3 ± 10.0 0.14 

Year Baseline Visit 2013 ± 2.15 2012 ± 2.03 0.29 

Months Between Visits 12.1 ± 1.63  12.0 ± 1.64 0.81 

Duration of PD (months) 64.4 ± 63.3 (N=40) 26.7 ± 24.4 (N=38) 0.001* 

Baseline LEDD 493 ± 381 mg 349 ± 285 mg 0.035* 

Baseline UPDRS (Off Meds) 39.8± 15.1 (N=21) 25.7 ± 13.5 (N=24) 0.002* 

Percent on PD Medication 48 (96%) 45 (90%) 0.75 

Gender - - 0.11 

Men 23 (46%) 31 (62%) - 

Women 27 (54%) 19 (38%) - 

Race - - >0.99 

Non-African American 37 (74%) 37 (74%) - 

African American 13 (26%) 13 (26%) - 

Type of PD - - 0.27 

Tremor Predominant 35 (70%) 32 (64%) - 

Akinetic Rigidity 7 (14%) 13 (26%) - 

Other 8 (16%) 5 (10%) - 

The mean baseline characteristics and demographic breakdown of each cohort. SES 

stands for socioeconomic status, LEDD stands for Levodopa Equivalent Daily Dose, and 

UPDRS stands for Unified Parkinson’s Disease Rating Scale-III (acquired while patient 

is not on PD medications). The category “other” refers to PD patients with a disease 

etiology that is unspecified, unknown, or thought to be vascular in origin. *p-values are 

for comparisons between low and high SES groups, where p≤0.05 denotes statistical 

significance. 
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Table 2.3: Baseline LEDD Stratified by Gender, Race, and Type for Each Cohort 

Characteristic  Low SES (N=50) 

Mean LEDD ± SD (mg) 

High SES (N=50) 

Mean LEDD ± SD (mg) 

p-value  

All 493 ± 381 349 ± 286 0.035* 

Men (N=23) 454 ± 368 (N=31) 401 ± 346 0.59 

Women (N=27) 527 ± 395 (N=19) 265 ± 104 0.0025* 

Non-African American (N=37) 578 ± 398 (N=37) 315 ± 289 0.0018* 

African American (N=13) 253 ± 182 (N=13) 447 ± 260 0.038* 

Tremor Predominant (N=35) 444 ± 344 (N=32) 319 ± 274 0.1 

Akinetic Rigid (N=7) 893 ± 439 (N=13) 324 ± 256 0.013* 

Other (N=8) 363 ± 293 (N=5) 614 ± 352 0.22 

The stratified mean baseline LEDD for each cohort. SES stand for socioeconomic status, 

LEDD stands for Levodopa Equivalent Daily Dose, and “other” refers to PD patients 

with a disease etiology that is unspecified, unknown, or thought to be vascular in origin. 

*p-values are for comparisons between low and high SES groups, where p≤0.05 denotes 

statistical significance. 

Year One LEDD: The year one LEDD for the high SES cohort was 513 ± 308 mg and the 

year one LEDD for the low SES cohort was 647 ± 382 mg (p= 0.056). The difference in 

LEDD from baseline to one-year follow-up was 164 ± 183 mg for the high SES cohort 

and 154 ± 190 mg for the low SES cohort (p= 0.79) (Figure 2.2).  
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Figure 2.2: Comparison of Relevant LEDD (mg) Values 

 

A representation of the mean Levodopa Equivalent Daily Dose (LEDD) in milligrams for 

the high (N=50) and low (N=50) SES cohorts at baseline visit, year one follow-up, and 

the difference in LEDD between one-year follow-up and baseline for each cohort. Error 

bars represent standard deviation and SES stands for socioeconomic status. 

 

Simple linear regression of year one LEDD and SES found that the difference in year one 

LEDD between the high and low SES cohort was 134 mg (p=0.056). Interpretation of the 

simple linear regression equation shows that the high SES classification has a lower 

observed LEDD by 134 LEDD units on average compared to the low SES classification. 

This suggests that there is an inverse relationship between SES and year one LEDD that 

trends towards statistical significance when other co-variables are not taken into account. 

In line with this trend, the 95% confidence interval of the SES simple regression 

coefficient estimate spans across zero (-272 to 3.36). Simple regression of each co-

variable with the year one LEDD also found that baseline LEDD had a statistically 

significant direct relationship with year one LEDD, while all other co-variables had 

statistically non-significant relationships with year one LEDD (Table 2.4 Left). 
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Association analyses between pairs of co-variables found that no statistically significant 

relationships between co-variables were present. Tests for interactions showed that no 

significant interactions between pairs of co-variables were present at the first step of the 

backward selection procedure. 

The results of the multiple linear regression analysis that included the co-variables SES 

race, gender, baseline age, and baseline LEDD found that the p-value for the comparison 

of year one LEDDs between the high and low SES cohorts was p= 0.46. The multiple 

regression equation of the final model used to obtain the adjusted p-value for the effects 

of SES on year one LEDD is as follows:  

𝑌 = 265.64 − 27.64𝑋𝑆𝐸𝑆 𝐻 − 84.73𝑋𝐺𝑒𝑛𝑑𝑒𝑟 𝐹 − 18.75𝑋𝑅𝑎𝑐𝑒 𝑁𝐴𝐴 − 2.14𝑋𝐶𝑒𝑛𝑡𝑒𝑟𝑒𝑑𝐴𝑔𝑒 + 0.88𝑋𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐿𝐸𝐷𝐷 

The results of this model indicate that there is an inverse, albeit non-significant, 

relationship between SES and year one LEDD. This model also found that there is a 

statistically significant association between male gender and a higher year one LEDD 

within the context of this model and patient population. This model also suggests that 

baseline LEDD has a statistically significant and direct relationship with year one LEDD, 

which is to be expected. The relationships between year one LEDD and race and age are 

not statistically significant within this model.  
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Table 2.4: Simple Regression of Co-Variables with Year One LEDD as the Outcome Variable vs. Final Multiple Regression 

Model with Co-Variable Inclusion Specified by Backward Selection 

Left: The simple linear regression equation parameter estimates expressing the relationship between an individual co-variable with the 

outcome variable year one LEDD. Right: The multiple regression parameter estimates used to generate the equation: 𝑌 = 265.64 −

27.64𝑋𝑆𝐸𝑆 𝐻 − 84.73𝑋𝐺𝑒𝑛𝑑𝑒𝑟 𝐹 − 18.75𝑋𝑅𝑎𝑐𝑒 𝑁𝐴𝐴 − 2.14𝑋𝐶𝑒𝑛𝑡𝑒𝑟𝑒𝑑𝐴𝑔𝑒 + 0.88𝑋𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐿𝐸𝐷𝐷. Where centered age and year refer to baseline values. SES H 

and L stand for socioeconomic status high and low, F stands for female, M stands for male, NAA stands for non-African American, 

AA stands for African American, T stands for tremor-predominant, and AR stands for akinetic rigid. Age is centered about a value of 

70 years old. The 95% confidence interval corresponds to the confidence interval of the coefficient estimate for each variable in which 

95% of population means would be expected to occur. REF signifies the reference group within a categorical variable. *p-values are 

for evaluating the relationship between a co-variable and the outcome variable, where p≤0.05 denotes statistical significance. 

Simple Linear Regression of Individual Co-Variables with Year One 

LEDD as the Outcome Variable 

Multiple Linear Regression of the Final Co-Variable 

Inclusion with Year One LEDD as the Outcome Variable 

Variable Coefficient 

Estimate 

Standard 

Error 

95% Confidence 

Intervals 

P-value Coefficient 

Estimate 

Standard 

Error 

95% Confidence 

Interval 

P-value 

Intercept - - - - - 266 44.6 177 354 <0.001* 

SES H -134 69.4 -272 3.36 0.056 -27.6 37.6 -102 47.1 0.46 

SES L REF - - - - REF - - - - 

Gender F -82.6 70.5 -222 57.2 0.24 -84.7 36.6 -157 -11.9 0.023* 

Gender M REF - - - - REF - - - - 

Race NAA REF - - - - REF - - - - 

Race AA -95.9 80.0 -255 62.9 0.23 -18.8 41.8 -102 64.2 0.65 

Type T REF - - - - - - - - - 

Type AR 90.8 89.2 -86.3 268 0.31 - - - - - 

Type O 163 106 -47.9 373 0.13 - - - - - 

Centered Age 2.78 3.72 -4.60 10.2 0.46 -2.14 1.96 -6.03 1.74 0.28 

Baseline LEDD 0.88 0.053 0.78 0.99 <0.001* 0.88 0.05 0.77 0.98 <0.001* 

Year ≤ 2012 -47.4 71.1 -189 93.6 0.51 - - - - - 

Year ≥ 2013 REF - - - - - - - - - 
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Comparing patients with and without disease duration demonstrated that only baseline 

age differs by the missing data status, while baseline LEDD and demographic proportions 

do not (Table 2.5).  Analyses were also performed to test the effects of including disease 

duration in the final model. The results of the final analysis model accounting for SES, 

gender, race, baseline age, and baseline LEDD did not significantly change when disease 

duration was included. After removing patients without disease duration, the low SES 

cohort had N=40 patients and the high SES cohort had N=38 patients. Inclusion of 

disease duration within the model did not significantly alter the relationship between SES 

and year one LEDD, and the inverse relationship and corresponding p-value remained 

relatively unchanged (p=0.58). This shows that our results remain similar when 

accounting for disease duration. An analysis was also performed to observe how our 

results would change if race and age were not constrained in the model, and this also had 

limited effects on the analysis suggesting the results of the final analysis model are 

robust. 

Table 2.5: Comparison of Baseline Values and Demographic Characteristics 

between Patients with and without Disease Duration 

Variables Complete (N=78) 

Means ± SD 

[or Count (%)] 

Incomplete (N=22) 

Means ± SD 

[or Count (%)] 

p-value 

High SES 38 (49%) 12 (55%) 0.63 

Baseline Age 67.4 ± 9.61 73.3 ± 7.81 0.0051* 

Baseline LEDD 410 ± 349 462 ± 322 0.52 

Females 36 (46%) 10 (45%) 0.95 

Non-African American 19 (24%) 7 (32%) 0.48 

Tremor Predominant 54 (69%) 13 (59%) 0.62 

Comparisons of baseline values and demographic proportions between patients with and 

without disease duration from baseline available. SES stands for socioeconomic status 

and LEDD stands for Levodopa Equivalent Daily Dose. *p-values are for comparisons 

between low and high SES groups, where p≤0.05 denotes statistical significance. 
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Longitudinal Analysis: Of the patients that were observed, twenty-nine high SES patients 

and thirty-one low SES patients had two-year follow-up data. The mean age for the 

patients in the longitudinal high SES cohort was 66.1 ± 10.4 and the mean age for the 

longitudinal low SES cohort was 70.1 ± 8.61. The high SES cohort had a mean disease 

duration of 31.2 ± 29.2 months, while the low SES cohort had a mean disease duration of 

67.0 ± 64.9 months. The mean baseline LEDD for the high and low SES cohorts was 300 

± 265 mg and 481 ± 362 mg, respectively (Table 2.6).  

Table 2.6: Baseline Characteristics of Longitudinal Data 

Characteristic Low SES (N=31) High SES (N=29) 

Average Income $22,552  $102,960  

Annual Block Income Range $14,516 - $28,315 $60,187 - $142,891 

Age at First Visit (years) 70.06 ± 8.61 66.10 ± 10.38 

Duration of PD (months) 67.0 ± 64.94 (N=26) 31.18 ± 29.16 (N=23) 

Baseline LEDD 481.45 ± 361.76 mg 300.48 ± 265.23 mg 

Percent on PD Medication 30 (97%) 25 (86%) 

Men 10 (32%) 18 62%) 

Women 21 (68%) 11 (40%) 

Non-African American 24 (77%) 22 (76%) 

African American 7 (23%) 7 (24%) 

Type of PD   

Tremor Predominant 22 (71%) 17 (59%) 

Akinetic Rigidity 5 (16%) 8 (28%) 

Other 4 (13%) 4 (13%) 

The baseline characteristics and demographic breakdown of each cohort through two-

year follow-up. SES stands for socioeconomic status and LEDD stands for Levodopa 

Equivalent Daily Dose. The category “other” refers to PD patients with a disease etiology 

that is unspecified, unknown, or thought to be vascular in origin. 

The mean one-year follow up LEDD was 498 ± 305 mg for the high SES cohort and 603 

± 388 mg for the low SES cohort. The two-year follow-up LEDD for the high SES cohort 

was 615 ± 347 mg while the mean two-year follow-up for the low SES cohort was 657 ± 

426 mg (Table 2.7). The LEDD from baseline through two-year follow-up was plotted 

for each patient in each cohort (Figures 2.3 and 2.4). The mean LEDD from baseline 
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through two-year follow-up was also plotted for each cohort (Figure 2.5), and the mean 

LEDD from baseline through two-year follow-up for each cohort was stratified and 

plotted by race (Figure 2.6) and gender (Figure 2.7). 

Table 2.7: LEDD (mg) Values of Longitudinal Data for Each Cohort with 

Differences in LEDD Calculated for Each Interval 

Visit  Low SES (N=31) High SES (N=29) 

Baseline 481 ± 362 300 ± 265 

One Year Follow up 603 ± 388 498 ± 305 

Two Year Follow up 675 ± 426 615 ± 347 

Difference One 121 ± 194 197 ± 185 

Difference Two 72.6 ± 158 117 ± 267 

Difference Total 194 ± 283 315 ± 186 

The mean LEDD at baseline, one-year follow-up, and two-year follow-up for the low and 

high SES cohorts. Difference one refers to the difference in LEDD between one-year 

follow-up and baseline, Difference two refers to the difference in LEDD between two-

year follow-up and one-year follow-up, and Difference total refers to the total difference 

in LEDD from two-year follow-up to baseline. 

Figure 2.3: High SES Longitudinal LEDD Data 

 

Depiction of change in Levodopa Equivalent Daily Dose (LEDD) for the high SES 

(N=29) cohort from baseline through two-year follow-up. Each line represents a single 

patient within the cohort. 
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Figure 2.4: Low SES Longitudinal Data 

 

Depiction of change in Levodopa Equivalent Daily Dose (LEDD) for the low SES cohort 

(N=31) from baseline through two-year follow-up. Each line represents a single patient 

within the cohort. 

 

Figure 2.5: Mean LEDD Change by Cohort 

 

Depiction of the mean change in Levodopa Equivalent Daily Dose (LEDD) for the high 

(N=29) and low (N=31) SES cohorts from baseline through two-year follow-up. 
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Figures 2.6: Longitudinal LEDD Change by Gender 

 

Graph depicting the mean Levodopa Equivalent Daily Dose (LEDD) for the high (N=29) 

and low (N=31) SES cohorts from baseline through two-year follow-up stratified by 

gender. 

Figures 2.7: Longitudinal LEDD Change by Race 

 

Graph depicting the mean Levodopa Equivalent Daily Dose (LEDD) for the high (N=29) 

and low (N=31) SES cohorts from baseline through two-year follow-up stratified by race. 
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Discussion: 

 The results of our study did not confirm our hypothesis that there would be a 

significantly greater PD progression for the low SES cohort as shown by year one LEDD 

after accounting for gender, race, baseline age, and baseline LEDD. However, the results 

of this study did show that patients in the low SES cohort had a significantly greater 

LEDD at baseline visit. This suggests that low SES patients are living with greater 

disease severity at the time of seeking specialized care. This idea is congruent with 

previous studies looking at the effects of SES on PD patients (Hemming, et. al., 2011). 

The results of our study can also offer a possible explanation for this disparity. The low 

SES group had a significantly greater mean monthly duration of motor symptoms before 

baseline visit than the high SES cohort. The average duration of motor symptoms before 

baseline visit was 26.7 ± 24.4 and 64.4 ± 63.3 months for the high and low SES cohorts, 

respectively (p= 0.0010). This suggests that individuals living in areas of low annual 

income are taking longer to seek care for their PD, experience delay in diagnosis or 

specialist referral, or both (Hemming, et. al., 2011). That being said, it is important to 

note that this comparison does not account for co-variables that might affect this 

relationship, and many patients within our study did not have disease duration available. 

 To our knowledge, this study is the first of its kind to look at the effects of 

socioeconomic status on Parkinson’s disease progression over a one-year period, and our 

results have validated the importance of researching socioeconomic disparities that exist 

within the realm of PD. That being said, our study is not without flaws. This study is the 

first to employ an observational cohort design to assess the relationship between block 

group income and PD progression; however, study’s reliance on medical records comes 
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with inherent problems. For starters, the data of this study is heavily reliant on 

completeness and consistency of medical records, and many PD patients that may have 

been eligible for study inclusion were unable to be assessed due to missing data. Further, 

time constraints of the study only allowed patients from the extreme ends of the SES 

spectrum to be observed, and this limits the study’s generalizability. The medical records 

observed were also incomplete with respect to UPDRS-III scores, and more reliable 

metrics for disease severity were unable to be uniformly ascertained for all patients at all 

visits. Therefore, the use of the LEDD is a potential weakness as it is a less accurate 

representation of disease severity than UPDRS-III (Martinez-Martin, et. al., 2016). The 

study is also limited by the fact that records available within the EMR at WFBMC start in 

2010, and patient records that exist before then are unavailable. This means not all 

patients had a true “baseline,” but it should be noted that this phenomenon was equally 

present in both cohorts. Our study also evaluated patient SES with a single metric, and it 

is better to have more than one measurement of SES to obtain a more accurate 

representation of a patient’s social class (Krieger, et. al., 1997). Furthermore, the median 

annual household income of a patient’s block group was based on patient addresses at the 

time of data collection. As a result, potential for misclassification is a weakness in this 

study since patients may have moved during the window of observation for our analyses. 

This study also only includes patients at a single medical center, and this further limits its 

generalizability. The limited number of African Americans in our dataset also present a 

weakness of this data since there were not enough African American patients for 

adequately powered stratified analysis.  
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Despite its flaws, our study was well powered as the sample size in each cohort 

(N=50) is twice what was required to achieve 80% power based on preliminary data. The 

model used in our study also accounts for important co-variables that have been shown to 

affect the year one LEDD outcome variable such as baseline LEDD, gender, age, and 

race. The analysis also involved conducting secondary analyses, which validated our 

model’s ability to evaluate the relationship between SES and year one LEDD from the 

data at our disposal. While the LEDD is not the best way to measure disease severity, it 

does provide valuable insight into how medication regimens for PD patients differ across 

levels of SES overtime. Even if LEDD is not used as a metric for progression, the 

differences in LEDD found between each cohort serves as a previously unidentified 

disparity in and of itself. The use of the annual income of the census block group is also a 

strength in this study. Region specific income is less susceptible to change than a 

patient’s individual income, and it is a more reliable measure of SES as a result (Krieger, 

et. al., 1997). The census block group is also a more granular method of measuring region 

specific income than the census-tract or zip code, and is better at isolating pockets of 

wealth and poverty (Krieger, et. al., 1997).  

 Our study provides exactly what a medical record chart review is supposed to 

provide, evidence that more research with more powerful designs is essential to 

understand the complex nature of this relationship. The findings of this study have shed 

important light on a recently discovered disparity in Parkinson’s disease despite its design 

limitations, and it provides a necessary first step towards more comprehensive studies 

that can better delineate socioeconomic differences in the progression of PD. The 

findings of our study suggest that individuals of low SES are facing barriers to necessary 



36 
 

specialized health care, and that low SES patients are likely not receiving PD 

interventions in a timely manner. In the face of an aging population, the number of PD 

patients is expected to double in the next two decades (Kowal, et. al., 2008). Given the 

increasing cost that PD is expected to place on the US healthcare system, physicians and 

policy makers must be aware of the effects that socioeconomic status may have on PD so 

that more progressive treatment interventions can be employed in a manner that improves 

patient outcomes and drives down PD related healthcare costs. 

  



37 
 

CHAPTER III 

 

DISCUSSION 

At the project’s end, we did not find the results that we thought we were going to 

find. That being said, the results do not prove that the original hypothesis is necessarily 

incorrect. We were able to provide evidence that PD patients on the low end of the SES 

spectrum are likely facing barriers to necessary specialized care. This fact suggests that 

future research is essential to uncovering how an individual’s SES affects their PD, and 

that understanding this relationship has important implications in medical field. These 

results validated current literature that found individuals of low SES have greater PD 

severity when they seek specialized care, and it went further in confirming that this is 

potentially because low SES patients are taking longer to seek the care they need. 

Possible explanations for this phenomenon include low SES patients experiencing delays 

in PD diagnosis or specialist referral, which necessitates future investigation. This study 

also observed the effects of SES on PD patients through a one-year period, and to our 

knowledge, this is the first study to do so.  

It is important to note that this project is not perfect, and we faced a number of 

obstacles when implementing this study design. Medical record chart reviews are heavily 

reliant on record completeness, and many patients who were potentially eligible for study 

inclusion were not observed due to missing data. Even in patients who were observed, 

much of the data within the EMR was incomplete, and this made collecting 

measurements of disease severity that are more accurate than LEDD nearly impossible. 

Patients were also assessed using a single measure of SES, and that measure was 

dependent on 2014 census data. This makes our results susceptible to misclassification 
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bias. Even further, African American patients had a distinct lack of representation in the 

upper quartiles of block income. This made us unable to account for race with well-

powered stratified analysis. Generalizability was also difficult to obtain in this project. 

Time constraints prevented the data collection of PD patients with block incomes in 

between the two extreme SES intervals, which means these results do not apply to a large 

portion of the population. This study is also limited to a single medical center, and 

therefore lacks the generalizability of a larger multi-center study. These limitations make 

it difficult to take the results of this study at face value. That being said, most of these 

obstacles can be easily overcome with a prospective study, and this is encouraging for 

researchers hoping to study this relationship in the future.  

Despite its limitations, our study is well powered, and it utilized a statistical 

model that accounted for important co-variables when evaluating the year one LEDD 

between cohorts. This study also evaluated socioeconomic status based on ACS block 

group income, which is an effective way to evaluate region specific income (Krieger, et. 

al. 1997). To our knowledge, this is the first study to evaluate the relationship between 

region specific income and PD progression using an observational cohort design. As 

such, the design of this study provides a template for future investigation on this topic, 

regardless of the results that were found. 

The primary takeaway from this research project is that future research is 

necessary. The results of this project may not have confirmed the original hypothesis, but 

that does not mean it failed to uncover socioeconomic differences among PD patients. 

Our ability to identify socioeconomic differences in this patient population despite the 

limitations of our study’s design suggest there are socioeconomic disparities yet to be 
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uncovered. Given that, we are confident that the findings of this study provide adequate 

evidence that future investigation into this topic is important. The question of how SES 

effects the progression of PD is an interesting one, and answering it can shed light into 

how social factors influence PD treatment and management. This chart review serves as a 

starting point for a long road of future research. Current literature focuses primarily on 

how SES affects a person’s risk for developing PD, and while that is important, it only 

uncovers one of the many ways that SES can affect Parkinson’s disease. Conducting 

research on how SES affects the progression of PD can lead investigators to many 

different important findings, even if a difference in progression is not found. Measuring 

PD progression overtime requires the collection of a variety of data measurements 

including baseline characteristics, duration of motor symptoms, medication regimens, and 

other important pieces of information. If studies looking at the effects of SES on PD 

progression find a difference in any one of these variables between SES groups, then a 

newly discovered health disparity will be identified. This fact highlights the importance 

of studying this relationship, and researchers should be excited about the prospect of 

bringing new and important information to the medical field.  

For future directions in this field of study, we believe that a prospective cohort 

study that can ascertain a true disease baseline, LEDD, and on/off medication UPDRS 

scores for each patient would find novel and important results. Performing this kind of 

study would allow researchers to control for variables that contributed to biasing the 

results of this study. Employing a prospective cohort design would allow researchers to 

obtain more than one measure of SES to accompany ACS annual income of a patient’s 

census block group, including level of education and occupation. A prospective design 
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would also allow researcher to recruit patients who are at a true baseline. This would 

make measurements of disease severity more comparable between patients. Researchers 

would also be able to record accurate measurements of disease severity such as UPDRS 

scores. The use of LEDD as the primary metric for disease severity was a weakness in 

this project, and the using UPDRS as the primary measurement would greatly add to the 

validity of any future project’s findings. A prospective study also has the ability to 

analyze different aspects of PD progression that extend beyond motor symptoms. 

Incorporating Montreal Cognitive Assessments in future designs would shed light on the 

relationship between SES and cognitive decline in PD patients, which has not yet been 

investigated. The use of a prospective cohort study also give researchers the ability to 

investigate the longitudinal effects of SES on PD progression through two and three-year 

intervals of follow-up so long as patient retention remains steady.  

 In total, we found that the relationship between SES and PD is complex and 

multifaceted. This project took a necessary first step to conducting comprehensive 

research on this poorly understood topic. The design and pitfalls of this study provide 

valuable insight into the different factors that need to be taken into account when 

investigating the effects of SES on PD. More importantly, the results of this study 

demonstrate the potential for uncovering new and important health disparities in the 

medical field. The effects of socioeconomic status on the progression of Parkinson’s 

disease remain unknown; however, this project can provide guidance to future 

investigators hoping to characterise this relationship. We believe that our results have 

provided enough evidence to support the idea that future researchers investigating the 

relationship between SES and PD progression will find new and important data. Our hope 
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is that this project will contribute to understanding the complexities of Parkinson’s 

disease and play a role in eliminating socioeconomic health disparities in PD populations. 
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