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Abstract: 
Objective: To investigate differences in opioid-related overdose death in Vermont based on urban versus rural setting.  
Methods: A retrospective cohort study was conducted using Vermont’s Electronic Death Registration System from 2015-2019. After applying exclusion criteria, 570 subjects were included in bivariate logistic regression analyses.  
Results: Individuals who died in urban areas had 45.8% lower odds of death due to opioid use than those in rural areas. For every one-year increase in age, odds of overdose death decreased by 4.6%. For females, odds of death due to opioid use was 19.4% lower than the odds for males.  
Conclusions: Vermont residents who died in urban areas were significantly less likely to have died of opioid overdose when compared to their rural counterparts. With increased age and female identity there was a decreased likelihood of opioid-related overdose death across geographic areas.  
Public Health Implications: The results indicate that targeting increased interventions at rural illicit drug users while increasing the number of “spokes” in rural areas may allow providers to better support those experiencing opioid addiction in Vermont.

Introduction
U.S. opioid overdose related deaths have become a major issue with the increased misuse of both prescription and illicit opioids. Between the rising number of deaths and the economic effect of this crisis, the opioid epidemic was named a public health emergency in 2017.1 From 2013 to 2019, there was a 1040% increase in age-adjusted rates of death due to synthetic opioids and a 317% increase in the age-adjusted rate of death due to psychostimulants.2 Early phases of the crisis included addiction to prescription opioids, but the use of heroin and illicit synthetic opioids in the second and third waves have been associated with increased fatalities. This rise in illicit opioid use explains why, despite the decrease in opioid prescription, opioid related deaths are on the rise.3  
Some research has shown that individuals living in rural areas are less at risk for opioid overdose than those who live in urban areas. This has been attributed to urban residents’ increased likelihood to engage in behaviors involving substances such as marijuana and other illicit and prescription drugs, as well as their greater use of these substances as children.4 Other sources show that there is greater concern regarding opioid overdoses in rural areas when compared with urban areas.5 These differences in the literature lead to a lack of clarity on the subject on the national and local scales.  
While Vermont’s hub-and-spoke model has significantly expanded access to treatment since its inception, issues relating to opioid misuse, overdose, and access to treatment persist.6,7 An understanding of the differences between rural and urban opioid use could shed light on how members of the hub-and-spoke model may further approach and resolve these issues. As such, the objective of this study is to analyze Vermont’s Electronic Death Registration System (EDRS) data related to opioid overdose to evaluate the relationship between geographic location (i.e., rural versus urban) and opioid overdose related deaths in Vermont.

Methods
A retrospective cohort study was conducted using EDRS data from 2015-2019. After eliminating 9 records due to missing age information, 26,729 certificates were available for analysis. Ages of the deceased were then categorized, and of those under age 75, the manner of death for 9.7% was determined to be accidental, suicide, or could not be determined; this reduced our study population to 2,588. To further refine our data analysis to our outcome of interest, we used the International Classification of Diseases (ICD) codes, 10th revision, to select for intentional, accidental, or unknown reason poisoning by opioids (X40-44, X60-64, Y10-14) as the underlying cause of death; this finally reduced our sample to 570 total individuals.8
Town of death was recorded by name and classified as urban (> 2,500) or rural area (< 2,500), using U.S. Census Bureau criteria.9 Town of death was used as opposed to town of residence to ensure inclusion of the homeless population and individuals where town of residence was not able to be ascertained postmortem. Vermont is primarily a rural state with Burlington being the only urban location where opioid overdose deaths occurred. 13.5% of the total opioid overdose deaths occurred in Burlington during the time period included in our analysis, and 86.5% of the total opioid deaths occurred in other towns classified as non-urban for the purposes of our study. 
For our sample population, educational level was coded as less than high school diploma, high school diploma, some college, Associate’s degree, Bachelor’s degree, graduate or professional degree, or unknown. Marital status was coded as single, married or civil union, widowed, divorced or separated or annulled or disillusion of union, or unknown. Age was reported as a continuous variable and gender was reported as male or female. We performed iterative bivariate logistic regressions looking at the relationship between opiate overdose death and urban versus non-urban location of death, age, sex, marital status, and highest level of education completed. Alpha was 0.05 for all tests. 
All personal identifying information was removed from the dataset prior to receipt. This project met criteria as exempt from additional review by the University of Vermont Institutional Review Board. 

Results 
More than half of the deaths due to drug overdoses were male (64.4%), with 35.6% female. Of the 570 total cases, 77% of the cases were between the ages of 25 and 54 years old, 68.6% had only an education level of a high school diploma or less. Divorced, widowed, and single individuals accounted for 84.2% of the cases. 
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Bivariate logistic regression was used on our data collected from the EDRS from the years 2015-2019 to analyze the impact of our demographic variables on the overdose mortality of Vermonters living in Urban areas versus Rural towns. Individuals who died in urban areas had a 45.8% lower odds of death due to opioid (odds ratio [OR] = 0.542; 95% confidence interval [CI] = 0.3, 0.97) use than the odds for individuals who died in rural areas when controlling for age, gender, marital status, and education level which was significant (P = 0.039). For every one-year increase in age, the odds of overdose decreases by 4.6% (OR = 0.954; 95% CI = 0.94, 0.97) when controlling for geographic location, gender, marital status, and education level which was significant (P <0.001). For females the odds of death due to opioid use is 19.4% less than the odds for males (OR = 0.806; 95% CI = 0.5, 1.27), when controlling for age, geographic location, marital status, and education level which is not significant. Marital status and education level did not show a significance with regards to the odds of death due to opioid use. 

Discussion
Results showed that Vermont residents who died in urban areas were significantly less likely to have died of opioid misuse when compared to their rural counterparts, as is consistent with some similar studies.5,10 Additionally, there was a decreased likelihood of opioid overdose death with increased age and female identity across settings. In a study conducted by Altekruse et al., researchers also found that men were more likely to overdose from opioid misuse. However, in contrast to our results, their study indicated that urban residents had higher risk of mortality than rural residents.11 
While the sample population does not embody a nationally representative data set, results may be generalized to the state of Vermont. A more segmented analysis is necessary to inform this topic area in various swaths of the country, as states vary when it comes to urban-rural differences in opioid experience.11 Considering the scale, severity, and multiplicity of contributing causes of the opioid epidemic, there will not be a “one-size-fits-all” solution.  

Public Health Implications
This research fills an important gap by providing greater context on the effect of urban versus rural location in relation to risk for opioid overdose in Vermont. As our results indicate that opioid misuse disproportionately impacts rural residents, targeting increased interventions (e.g., counseling, MAT) at rural illicit drug users while increasing the number of spokes (i.e., doctors, nurses, counselors) in rural areas may reduce rates of opioid overdose death. This will require an investment in training primary care providers to better assist opioid use disorder patients.12 Similar analyses may be conducted to assist local public health and medical infrastructure to reduce rates of opioid overdose and promote healthy communities. 
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