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Table 1: Annual Rate of Deceased-Donor Organ Donation 

 

 

 

 

 

 

 

 

 

 

 

 

Models Estimate StdErr P-value 
Rate (%) 
 95 CI % 

Unadjusted 0.02 0.004 <.0001 2.0 (1.3, 2.7) 

Age and Sex 0.01 0.004 0.003 1.3 (0.5 , 2.2) 

Age and Region 0.02 0.002 <.0001 1.7 (1.3, 2.2) 

Age and Race 0.02 0.003 <0.0001 1.5 (1,2.1) 

Age, Sex, and Race 0.01 0.003 <.0001 1.4 (0.8, 2.1) 

Age, Sex, and Region 0.02 0.002 <.0001 1.7 (1.2, 2.2) 

Age, Sex, and Cause of Death  0.03 0.0062 <.0001 3 (1.8, 4.3) 
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Table 2: Adjusted annual rate of Deceased-Donor Organ Donation adjusted for Region, 
Race, and Cause of Death  

 

Variable Level Estimate StdErr P-value Rate (%) and 95 % CI 

Year   0.03 0.003 <.0001 3.4 (2.7, 4) 

Region 

North East Reference 

Deep South -0.2 0.042 <.0001 -16.2 (-22.9, -8.9) 

Mid-Atlantic -0.3 0.046 <.0001 -24 (-30.6, -16.8) 

Mid-Western -0.14 0.045 0.0017 -13.3 (-20.7, -5.2) 

South -0.09 0.045 0.04 -8.8 (-16.5, -0.4) 

Race 

White Reference 

Black 0.09 0.033 0.005 9.9 (3, 17.3) 

Hispanic -0.19 0.038 <.0001 -17.3 (-23.3 , -10.9) 

COD 

Head Trauma Reference 

Anoxia -0.47 0.037 <.0001 -37.6 (-41.9, -32.9) 

Stroke 0.5 0.0347 <.0001 64.3 (53.5, 75.8) 
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Table 3: Change in Deceased-Donor Organ Donation rate over time  

 

 

 

 

 

 

 

 

Variable 2000 2005 2010 2015 

Age  

20-30 Reference 

60-70 34 (30.9, 37.3) 32.1 (30.4, 33.9) 30.4 (28.8, 32.1) 28.7 (26.2,31.5) 

70+ 17.0 (15.3,18.9) 14.5 (13.6,15.4) 12.3 (11.6,13.1) 10.5 (9.4,11.6) 

Rate ratio of the 60-70 to the 70+ 99.5 (73.3, 129.7) 122.0 (104.5,141.0) 147.0 (127.3, 168.3) 174.8 (138.4, 216.7) 

Race  

Whites Reference 

Blacks 26.2 (24.1,28.6) 31.1 (29.6, 32.8) 36.9 (35.2, 38.8) 43.8 (40.3, 47.6) 

Hispanics 26.9 (24.4, 29.7) 26.9 (25.4, 28.5) 27.0 (25.5,28.5) 27.0 (24.6, 29.6) 

Rate ratio of the Blacks to the Hispanics -2.5 (-14.5, 11.1) 15.5 (7.0, 24.7) 37.0 (27.3, 47.3) 62.4 (43.4, 83.8) 

Region 

North Eastern Reference 

Mid Atlantic 18.9 (17.3, 20.8) 22.6 (21.5, 23.9) 27.1 (25.7,28.5) 32.4 (29.7, 35.3) 

Cause of Death 

Head Trauma Reference 

Anoxia 2.2 (2.0,2.5) 3.9 (3.7,4.1) 6.8 (6.5,7.2) 12.0 (11.1,13.0) 
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ABSTRACT 

Background: According to the U.S. Department of Health and Human Services, 

the number of donors available nationwide has remained stagnant over the last decade. 

The organ shortage crisis has deprived thousands of patients of a new and better quality 

of life. The demand for organ transplantation have been rising rapidly owing to the 

increasing incidence of end-stage failure of many vital organs, including kidney, liver, 

and heart. However, this situation would be even worse without deceased-donor 

transplantations. 

Methods: The study analyzes trends in racial/ethnic and geographic disparities in 

deceased-donors organ donation from neurological-related deaths and its relation to 

availability of deceased-donor organs over time. Using data collected during the 2000-

2015 period, unadjusted and adjusted donation rates and changes in donation rates over 

time were evaluated using Poisson regression.   

Results: Among the 3 largest ethnic groups, relative to their proportion of the 

population, Black Americans have the highest rate of deceased-donor organs donation 

and the Southern region was the largest contributor region of deceased-donor organs.  

Conclusions:  Geographic and racial/ethnic differences do exist in deceased-donor 

donation.  Findings from the study contribute to the knowledge of disparities within 

organ transplants and trends in neurological-related deaths.  
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1. INTRODUCTION 

1.1 Background Information 

Organ transplantation is the moving of an organ from one body to another or 

from a donor site to another location on the person's own body, to replace the 

recipient's damaged or absent organ. Transplants that are recently performed between 

two subjects of the same species are called allografts. Allografts can either be from a 

living or deceased source. In the early days of transplantation, donated organs and 

tissues came from victims of cardiac death, people who were no longer breathing and 

had no pulse, and whose hearts could not be revived. Often, by the time organs could 

be procured, they had been without a blood supply for too long and were not suitable 

for transplantation and unlikely to survive and function (Israni et al., 2016). In 1968, 

death was redefined as occurring when the brain ceased to function, although the 

heart may continue to beat with the support of drugs, and breathing is sustained by a 

ventilator (Abadie & Gay, 2006).  Brain death means the cessation of brain function, 

typically after receiving an injury (either traumatic or pathological) to the brain, or 

otherwise cutting off blood circulation to the brain (Abadie & Gay, 2006).  Once 

brain death has been declared, the deceased person can be considered for organ 

donation.  However, since less than 3% of all deaths in the U.S. are the results of 

brain death, the overwhelming majority of deaths are ineligible for organ donation, 

contributing to the severe shortages of organs suitable for transplantation.  
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1.1.1 Organ Shortage Crisis  

The shortage of human organs for transplant is a global dilemma that raises deep 

and highly debated ethical questions. Around 66,000 kidney , 21,000 liver  and 6,000 

heart transplants were performed globally in 2005 (Abouna, 2008).  The dire need to have 

available organs for transplant have caused a spread of “transplant tourism”, which 

happens when patients travel abroad to purchase organs for transplants.  Transplant 

tourism has caused countries such as China, Pakistan and the Philippines to pass new 

laws on paid donations in recent years. In March 2008, the Health Secretary of the 

Philippines, Francisco Duque, drafted legislation aimed at preventing the country from 

turning into "the kidney capital of the world"  (Abouna, 2008).  In May 2004, the World 

Health Assembly adopted resolution WHA57.18, in recognition of the global increase in 

transplantation activities, the associated risks to patient safety, the trafficking of organs 

for transplantation and the trafficking of human beings as sources of such organs 

(Shimazono, 2007). This resolution urged the World Health Organization’s (WHO) 

Member States to implement “effective national oversight of the procurement, processing 

and transplantation of human cells, tissues and organs” and requested the collection of 

global data on practices in allogeneic transplantation and their outcomes. Despite political 

efforts to improve and increase organ donation, patients die on the waiting list due to lack 

of available organs.  

In the United States, approximately 22 Americans die daily waiting for transplants 

that never took place because of the shortage of donated organs (Israni et al., 2016).  

According to the U.S. Department of Health and Human Services, (HHS), the number of 

donors available nationwide has remained stagnant over the last decade (2015). Roughly 
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thirty year ago, President Reagan signed the National Organ Transplant Act (NOTA), 

which established the federal legal framework for the procurement, donation and 

transplantation of organs needed by desperately ill Americans (Abadie & Gay, 2006). 

The law’s advocates hoped that it would end organ shortages, but today, over 120,000 

Americans are on waiting lists (Ehtuish, 2011).The organ shortage crisis has deprived 

thousands of patients of a new and better quality of life and has caused a substantial 

increase in the cost of alternative medical care such as dialysis.  

 

1.1.2 Deceased Donors 

Deceased donors are people who have been declared brain-dead and whose 

organs are kept viable by ventilators or other mechanical mechanisms until they can 

be recovered for transplantation. When a deceased-donor organ is identified, the 

United Network for Organ Sharing (UNOS) computer system generates a ranked list 

of transplant candidates who are suitable to receive each organ. Factors affecting 

recipient ranking include blood type, tissue type, medical urgency, waiting time, 

expected benefit, and geographic proximity between the deceased-donor and future 

recipient. In the United States, inequities in receiving a deceased-donor kidney 

transplant have been described for most racial ethnic minority groups, compared with 

non-Hispanic Whites (Bratton, Chavin, & Baliga, 2011). 

The majority of deceased-donor organs in the U.S. are assigned by federal 

contract to Organ Procurement and Transplantation Network (OPTN) since it was 

created by the Organ Transplant Act of 1984 by UNOS (Brody, 2007). In 1984, the 

National Organ Transplant Act (NOTA) was passed, which gave way to the Organ 
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Procurement and Transplantation Network that maintains the organ registry and 

ensures equitable disbursement of organs (Shimazono, 2007) . The SRTR was also 

established to conduct ongoing studies into the evaluation and clinical status of organ 

transplants. 

UNOS then allocates organs based on the method considered most fair by the 

scientific leadership in the field. The allocation methodology varies somewhat by 

organ, and changes periodically. For example, liver allocation is based partially on 

Model of End-Stage Liver Disease score (MELD), a practical score based on lab 

values indicative of the sickness of the person from liver disease (Abouna, 2008).  

1.1.3 Organ Transplantation Policy 

There are primary rules governing the organ transplantation process: state 

laws, federal laws, federal regulations, and UNOS policies.  The state laws primarily 

cover issues pertaining to the donation process, such as the criteria for declaring 

death, the consent requirements for being a donor, the scope of public education 

programs, and the composition of donor registries (Crowe & Crohen, 2008).  With a 

few notable exceptions, these laws do not differ significantly from state to state.  

Federal laws primarily outline the processes of organ procurement, allocation, and 

transplantation by establishing the OPTN and guidelines for organ procurement 

organizations (OPO). Again OPTN is the national organization that coordinates, 

implements, and monitors the organ transplantation system as a whole; OPOs are 

local or regional organizations responsible for retrieving organs and notifying 

potential recipients.  Federal law also sets boundaries on how organs might be 
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transferred from one person to another by prohibiting the buying and selling of 

organs.  Federal regulations expand on federal laws by describing how the OPTN, 

OPOs, and transplant hospitals should function.  More specifically, they explain the 

internal structure of the organizations and the nature of their principal operations.  

UNOS rules further define the functions of the OPTN, and describe the policies OPOs 

and transplant hospitals must follow in order to be members of the OPTN.  

Collectively, these laws, regulations, and rules affect every group and every 

individual involved or potentially involved in the donation, procurement, allocation, 

and transplantation of organs.  

1.1.4 Current Literature 
 

Much of the literature addressing deceased-donor organ donation is framed 

around shortage of kidney transplantation. This year OPTN reports that 81.8% of 

people on the organ transplant list are waiting for kidneys (“Organ Procurement and 

Transplantation Network”, 2013). An article published by Hall and colleagues 

described differences in access to kidney transplantation between Hispanics and Non-

Hispanic Whites by geographic location in the U.S. The article concluded that 

Hispanics had decreased access to deceased-donor transplantation versus Non-

Hispanic Whites (Hall et al., 2011).  Salter and colleagues, outlined suggestions 

improving access to kidney transplantation through other mechanisms other than 

referrals (Salter et al., 2015) .  
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Current State of organ transplantation in the United States  

Fayek and colleagues (2014) acknowledged the significance of deceased-

donor organs in the pool of available organs. In 2014 96% of liver transplants were 

from deceased donors (Fayek et al., 2014). Since 2004 the number of patients who 

enter the wait list and die without transplant, or are removed because of being too sick 

for the transplant has increased by thirty percent. One possible reason for this increase 

in waitlist mortality can be attributed to geographic disparity, which is one of the key 

components of the project. Obesity is one factor that can limit a recipient from 

receiving an organ since being obese can disqualify a recipient from being on the wait 

list. There are higher rates of obesity in certain geographic regions (provide example 

and citation), so trends in obesity rates can be a possible contributing factor in the 

geographic disparity. 

Racial disparities in organ donation 

Bratton and colleagues (2011), described barriers for living- and deceased-

organ donation among African American donors. Barriers to deceased donation in 

study include: decreased awareness of transplantations, cultural distrust of the 

medical community and fear of medical abandonment. The study also highlighted 

high prevalence of co-morbidities such as diabetes, hypertension, obesity, hepatitis B 

and C in racial and ethnic minority groups that may contribute to the 

overrepresentation of individuals from racial and ethnic minorities on transplant 

waitlists. The researchers suggested community and national strategies utilizing 

culturally sensitive communication and interventions can improve disparities and 

access to transplantation.  
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Trends in Traumatic Brain Injury in the U.S. and the public health response 

Traumatic Brain Injury (TBI) related deaths have decreased significantly from 

19.9 per 100,000 to 16.6 per 100,000 from 1995 to 2009.  The most common causes 

attributed to TBI-deaths are: motor-vehicle crashes, falls, and violence. Unfortunately 

there are gaps in TBI epidemiology. Currently only 20 states are funded by the CDC for 

the 2011 to 2016 funding cycle to conduct TBI surveillance and prevention activities that 

is a barrier for producing state-based national TBI statistics, which limits the ability to 

fully understand the incidence, prevalence, and disability related to TBI in the United 

States. In regards to our study, this may affect the rate of deceased-donor donations 

attributed to head trauma/ TBI.  

Organ shortage crisis 

Article highlights the unavailability of adequate organs for transplantation to meet 

the existing demand has resulted in major organ shortage crises. As a result there has 

been a major increase in the number of patients on transplant waiting lists as well as in 

the number of patients dying while on the waiting list. In the United State, the number of 

patients on the waiting list in 2006 had risen to over 95,000, while the number of patient 

deaths was over 6,300. Abouna mentions how the organ shortage crisis has caused a 

substantial increase in the cost of alternative medical care such as dialysis. Suggested 

practical and effective solutions to this problem are: implementation of appropriate 

educational programs for the public and hospital staff regarding the need and benefits of 

organ donation, the appropriate utilization of extended criteria donors, acceptance of 

paired organ donation, the acceptance of the concept of “presumed consent,” and 

accepting the concept of a controlled system of financial payment for the donor.  
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Racial Disparities in Cranial Gunshot Wounds 

The purpose of study was to investigate epidemiological characteristics and racial 

differences in patients with gunshot wounds (GSW) to the head by examining 

associations to injury intent and survival. According to the article, the most common 

cause of penetrating cranial wounds is gunshots and stabbings. In 2010 almost 32,000 

firearm-related deaths occurred; 61% from suicides and 35% homicides. Roughly 90% of 

GSW to the head are fatal and of those 90%, half of the victims die while in the 

emergency room. From their retrospective study of 111 patients, Crutcher et al. 

concluded that about 58% of African Americans and 35% of Caucasians were victims of 

cranial gunshot wounds.  With odds-ratio (OR) of 16.4, Caucasians are more likely to 

inflict self-harm. However, African Americans having an OR of 26.4 are more likely to 

be victims of assault. Race did not predict survival or intent of injury.  

1.2 Significance of Study 

Racial and ethnic disparities are seen in throughout healthcare in the United 

States. Racial minorities are more likely to be adversely affected by limited preventive 

care, which can be barrier if they want to become an organ donor or recipient. Knowing 

which demographic of the population is affected by organ donation disparity can help 

health care providers and transplant networks strategize ways to dismantle the organ 

shortage crisis, such as improvement in donation intervention can increase the amount of 

deceased-donor organ donation.  

Therefore, the goal of this study is to examine race/ethnic, sex, age, geographic 

patterns and trends over time in deceased-donor organ donation. The study focuses on 
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data obtained from the Scientific Registry of Transplant Recipients (SRTR) and National 

Vital Statistics Systems (NVSS) during the 2000-2015 period.   

The specific aims are:  

1. Estimate deceased-donor organ donation rates of adults (ages >20) per assigned 

geographic region by age, sex, race/ethnicity using statistical measurements.  

2. Estimate prevalence and trends in prevalence of deceased-donor organs by age, 

race/ethnicity, sex, and assigned geographic region during 2000-2015.  

3. Estimate adjusted prevalence and adjusted trends in prevalence of deceased-donor 

organs by age, race/ethnicity, sex, and assigned geographic region during 2000-2015.  

 

Continuous efforts to engage individuals from racial/ethnic minority groups have led to 

increase rates of deceased-donor organ donation.  However, this improvement remains 

undetected due to the lack of viable data.   

Results of this study will increase awareness in organ donation disparities and contribute 

to the field of organ donation and transplantation research. Most of the literature 

addressing deceased-donor organs is framed around kidney and liver transplantations, but 

this study will be the first to address sex, age, racial/ethnic and geographical differences 

over a span of time in relation to neurological-related deaths.  
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2 METHODS 

2.1 Study Design 

The proposed study focused on deceased-donor organ donation rates relative 

to the population. The rates are estimated as the ratio of the number of donated 

deceased-donor organ donation (the numerator) divided by the number of individuals 

at risk of dying (denominator) for each calendar year. Estimates of organ donation 

rates are provided by age, race, geographic region, sex, and neurological cause of 

death. Data used in this study come from two primary sources, The NVSS compiled 

by the CDC that is used as denominators and the SRTR database provides the 

numerators.   

2.1.2 Race/ Ethnicity  

Race/ethnicity focuses on the 3 major race ethnic groups living in the U.S: Non-Hispanic 

Black, Non-Hispanic White, and Hispanic Americans. Individuals who reported Latino or 

Hispanic ethnicity are referred as Hispanic, independently of their race. Counts of organ 

donation were too small in Native Americans and Pacific Islanders were too small to be 

included in the study.   

2.1.3 Age 

Analyses were restricted to deaths that occurred after the age of 20. In 2000, the 

Children’s Health Act passed and required NOTA to consider special issues around 

pediatric patients and organ assignment, which is why in this study we did not include 

mortality rates for persons under the age of 20. The ages were grouped in ten year 
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intervals to increase counts and facilitate statistical analysis. All individuals who died at 

or over the age of 70 were grouped into the 70+ age group.  

2.1.4 Geographic Region 

The CDC’S National Vital Statistics database uses the Federal Information 

Processing Standard (FIPS) to provide health and mortality statistics at the county 

level for each state. For each year, this data is presented by age (single year), sex, 

race, and county, and can easily be aggregated by state, race, sex, and 10 year age 

groups. However, some OPTN regions (e.g., Virginia and Vermont) cover more than 

one state. The SRTR considers the county of residence, which would be needed for 

accurate allocation of the number of deaths for each state, as personal health 

information. Therefore, SRTR requires additional level of IRB review and scrutiny 

before such information could be released.  Geographic regions that combine several 

OPTN regions in some cases were created to address this issue. Only states east of the 

Mississippi River as well as the District of Columbia, are included in this study and are 

grouped into five regions: North Eastern (NJ,NY,PA,CT,MA,VT,ME,NH,RI), Mid-

Western (IL,WS,IN,MI,OH), Mid-Atlantic (MD,VA,DC,DE)  South 

(TN,NC,SC,KY,WV), and Deep South (FL,GA,AL,MS).   

2.1.5 Sex 

Analyses included members of both sexes. 
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2.1.6 Neurological Cause of Death  

According to global studies conducted by WHO, 8 out of the 10 disorders in 

the 3 highest disability classes are neurological problems and 12% of deaths stem 

from neurological disorders. Within these deaths, cerebrovascular diseases are 

responsible for 85% of the deaths due to neurological disorders. The same study 

concluded that by the year 2020, 70% of all deaths will be non-communicable deaths, 

which describe the deaths examined in our study. The neurological causes of death 

considered are stroke, head trauma, and anoxia. Stroke is the third leading cause of 

death in the United States, killing more than 130,000 Americans each year (“Stroke 

Facts | cdc.gov,” 2016). A stroke, sometimes called a brain attack, occurs when a clot 

blocks the blood supply to the brain or when a blood vessel in the brain bursts. Head 

Trauma is also categorized as a traumatic brain injury TBI, a disruption in the normal 

function of the brain that can be caused by a bump, blow, or jolt to the head, or 

penetrating head injury (2016) .TBI-related deaths decreased for both men and 

women between the years 2001–2010(CDC Injury Center, 2016).  Anoxia is defined 

as inadequate oxygen to the brain. Several events can cause anoxia such as:  heart 

attacks, drowning, poisoning, and illegal drug use. Patients who have suffered from 

cardiac arrest can be categorized as dying from Anoxia. (“Cerebral hypoxia,” 2017)  

2.2 Modelling Effort 

Organ donation rates were computed by merging data from 2 databases, which are 

described below. Rates are reported per million of individuals.  
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2.2.1Numerators 

Deceased-donors organ donations tracked in SRTR, were summarized by 

demographic characteristics (sex, age, race), and geographic region. We examined 

deceased-donor’s deaths that are attributable to neurological-related deaths by focusing 

on deaths from due to anoxia, stroke, and head trauma. This file is used as the numerator 

file in order to calculate prevalence rates.  

2.2.2 Denominators 

The number of individuals at risk of dying were obtained from the NVSS 

databased compiled by the CDC. These numbers were aggregated by age, sex, 

race/ethnicity and geographic region for each year during the 2000-2015 period. This file 

is used as the denominators in order to calculate deceased-donor organ donation and 

prevalence rates. 

2.2.3 Poisson Regression 

Poisson GLM is used to calculate rates.  In the study, Poisson regression models 

were run to test for trends and fit adjusted models to determine the contribution of: age, 

sex, race, and geographic region. The logarithm of denominator was used as an offset. 

Likelihood ratio tests were applied to test of interactions between age, sex, race, region, 

and cause of death with time. For rates that changed over time (significant interactions) 

effects were estimated using the parameter estimates for time, the variable of interest, and 

the interaction parameter. For variables that had 2 levels that both showed significant 

interaction time, comparison of the rate of changes between the 2 levels was made. 

Poisson regression is used to predict a dependent variable that consists of "count data" 
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given one or more independent variables. The variable we want to predict is called the 

dependent variable (or sometimes the response, outcome, or target or variable). The 

variables we are using to predict the value of the dependent variable are called the 

independent variables (or sometimes the predictor). Having carried out a Poisson 

regression, we are able to determine which of our independent variables (if any) have a 

statistically significant effect on our dependent variable. Using the Poisson regression 

allows us to estimate raw and adjusted rates.  
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3 RESULTS 

3.1 Specific Aim 1 

For the first specific aim (Section 1.2), prevalence rates in deceased-donor 

organ donation rates of adults (ages 20-70 +) by age, sex, race/ethnicity, neurological-

related cause of death, and assigned region, unadjusted rates were calculated using the 

data from the numerator and denominator file (Section 2.2.1 and 2.2.2). Figure 1 

shows the average overall rate of deceased-donor organ donation from 2000-20015 is 

30.1% (95% CI 24.7% - 35.5%). Figure 2 exhibits deceased-donor organ donation by 

sex where males have a higher rate of donation in comparison to females. The 70+ 

age group had the lowest deceased-donor organ donation rate (14.06%, [12.03%, 

16.09%]), while the highest rate was observed among individuals in the 50-60 age 

group (29.82%, [28.74%, 30.9%]) (Figure 3).   In relation to race/ethnicity, Non-

Hispanic Blacks have the highest rate of deceased-donor organ donation per capita 

(25.9%, [-9.6 %, 16.2%]) (Figure 4). For the geographic regions, the rate of deceased-

donor organ donation was higher in the South (24.7%, [21.8%, 27.5%] while Mid 

Atlantic had the lowest rate (19.2%, [17.2%, 21.2%) (Figure 5). Lastly, deceased-

donor that died from Anoxia has steadily increased in donation rate since 2005, while 

donations rates from Stroke deaths have decreased starting around 2009 (Figure 6). 

However, a trends test calculated adjusted rates accounting for age, sex, race, and 

region (Table 1).  

  The unadjusted annual rate of deceased-donor organ donation is 2% per year 

with a 95% confident interval ([CI]) between 1.3% and 2.7% (Table 1). Initial 
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adjustments were made for age and sex before the variables that constitute the main 

focus of this study (i.e., race/ethnicity, geographic regions and neurological cause of 

death) are introduced.  Adjusting for age and sex, the estimated annual rate of 

deceased-donor organ donation was 1.3 % [0.5%, 2.2%].  With the inclusion of 

geographic region, the adjusted rate of deceased-donor organ donation became 1.7% 

[1.3%, 2.2%]. Adjusting for race, instead of geographic region, the donation rate is 

1.5% [1%, 2.1%]. Adjustment for cause of death in the model that already included 

age and sex showed that the annual rate of organ donation was 3% [2%, 4.1%]. 

Overall, these results suggest statistical differences in deceased-donor organ 

donation by racial groups, geographic regions and cause of death. Formal interactions 

were performed to elucidate these trends; they are described in the following sections.     

3.2 Specific Aim 2 

Poisson regression models were fitted to estimated adjusted deceased-donor 

organ donation rates in deaths attributable to neurologic causes of death (COD) after 

accounting for race and/or region. For these analyses, “head trauma”, “white”, and 

“North East” served as the reference for COD, race/ethnicity and geographic region, 

respectively.  Relative to death from head trauma, and after adjusting for 

race/ethnicity, the rate of deceased-donor organ donation was significant lower among 

those who died of anoxia (-37.6% [-41.9%, -32.9%]), and significant higher among 

those who succumbed to a stroke (64.3% [53.5%, 75.8%]) (Table 2). This Table also 
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shows that after adjusting for cause of death, Hispanics, had a lower rate (-17.3%, [-

23.3%,-10.9%]) of deceased-donor organ donation, relative to Non-Hispanic Whites. 

Table 3 compares deceased-donor organ donation rates amongst the 

geographic regions, and revealed that relative to the North East, the Mid-Atlantic 

region had a significantly lower rate of organ donation -20.8% [-30.3%, -10.1%], after 

adjustment for cause of death. Conjunctionally, after adjusting for region there is 

significant difference deceased-donor organ donation by cause of death. Relative to 

head trauma, the rate of deceased-donor organ donation following an anoxia or a 

stroke was -34.6% [-40.9%, -27.7%] and 54.9%, [40.5%, 70.7%].  

Specific Aim 3 

Interaction tests were performed to determine whether the trends in deceased-

donor organ donation remain constant over the study period. Comparison of the 

donation rates were performed when change in the donation rates were observed with 

several levels of the same variable (Table 3). In this case, estimates are produced at 5 

time points (2000, 2005, 2010, and 2015) to facilitate the interpretation of the results. 

Regarding race, there was an interaction with time in Blacks and Hispanics. Relative 

to Hispanics, deceased-donor organ donation rates in Blacks were rate 24.1% vs. 

26.9% in 2000; 29.6% vs. 26.9% in 2005; 35.2% vs. 27.0% in 2010; and 40.3% vs. 

27.0% in 2015.  As can be seen in Table 3, these correspond to ~ 62.4% increase of 

the time period.  



18 
 

The rate of deceased-donor organ donation decreased over time among donors 

who were between 60 and 70 or 70+ during the observation period. In the 60-70 age 

group, the rates were: 34% in 2000, 32.1% in 2005, 30.4% in 2010, and 28.7% in 

2015. For ages 70+, they were 17%, 14.5%, 12.3%, and 10.5%, respectively. In 

relation to region, Mid-Atlantic is the only geographic region for which an interaction 

between the rate of deceased-donor organ donation and time was observed. In 2000 

Mid-Atlantic rate is 18.9%, 22.6% in 2005, 27.1% in 2010, and 32.4% in 2015.  

Finally, anoxia was the only neurological-related death to show a significant 

interaction between the rate of deceased-donor organ donation and time. The rates 

were 2.2% in 2000, 3.9% in 2005, 6.8 in 2010, and 12.0% in 2015.  
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4 DISCUSSION  

4.1 Summary of results 

The main purpose of this study was to evaluate racial and geographic 

disparities in deceased-donor organ donation. Publically available datasets were used 

to address this question.  Overall, Blacks and the Southern (TN, NC, SC, KY, and 

WV) region of the US have the highest rate of deceased-donor organ donation rate. 

The finding that that Black Americans have the highest rate of deceased-donor 

donation is contrary to published literature, which suggests that Black Americans 

were the least likely racial/ethnic group to contribute to deceased-donor organ 

donation due to cultural beliefs and mistrust in the medical community.  

4.2 Factors that could explain the observed results 

4.2.1 The obesity epidemic 

Obesity contributes to health conditions such as diabetes and heart disease that 

disproportionately affect Black Americans and lead to earlier deaths. These 

conditions require consistent health visits and prescription coverage to manage 

properly, yet Blacks typically have poorer access to health care. (Cook, 2015). 

Therefore if Black Americans are dying younger their organs are more likely to be 

donated and procured. Our analyses showed that age was inversely associated with 

deceased-donor organ donation and procurement.  

4.2.2 The rise in opioid addiction 
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The South having the highest rate of deceased-donor organ donation may be a 

consequence of the fact these states are part of the “Stroke belt” in conjunction with a 

rise in opioid abuse. The Stroke Belt is an 11-state region of the United States where 

studies show that the risk of stroke is 34% percent higher for the general population 

than it is in other areas of the country (CDC, 2016).  Additionally, there has been an 

epidemic of opioid abuse with some of the most affected cities being in states located 

in the South. Opioids are a class of drugs that include the illicit drug heroin as well as 

licit prescription pain relievers such as:  oxycodone, hydrocodone, codeine, morphine 

and fentanyl.  The CDC reports drug overdose is the leading cause of accidental death 

in the US, with roughly 52,000 lethal drug overdoses in 2015. Opioid addiction is 

driving this epidemic, with 20,101 overdose deaths related to prescription pain 

relievers, and 12,990 overdose deaths related to heroin in 2015(Rudd, 2016).    A 

recent article explains how North Carolina has 4 of the top 25 cities with highest rates 

of opioid abuse (WNCN, 2017). Trends in the increase of deceased-donor organ 

donation in Anoxia-related deaths may be a reflection of the current opioid epidemic 

(Figure 7).  

4.2.3 Effect of legislation around deceased-donor organ procurement 

In addition to the statistical analyses, we examined the states’ organ donation 

legislation in revenue sources and legal consent. This information comes from the 

U.S. Department of Health and Human Services.  Revenue Sources are either 

voluntary contribution and/or state funds. Legal Consent derives from Donor 

designation being obtained from either registries and/or driver’s license. State 
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legislation information also includes what year that state implemented the Uniform 

Anatomical Gift Act (UAGA). UAGA governs organ donations for the purpose of 

transplantation, and the making of anatomical gifts of one’s cadaver for the study of 

medicine. The law prescribes the forms by which such gifts can be made, and in the 

absence of legally binding documents stating one’s consent to donate after death. It 

allows for a surviving spouse or specific relatives to consent to donation. The law also 

seeks to limit the liability of health care providers who act on good faith 

representations that deceased patients meant to make an anatomical gift, and prohibits 

trafficking in human organs for transplantation.  

Regionally, there are no significant differences but on the state (including DC) 

level there are differences in funding and UAGA implementation. Pennsylvania, New 

York, Massachusetts, Delaware, DC, and Illinois are the only states to invoke UAGA 

before 2006. Connecticut is the latest adopter, enacting the Act in 2010.  DC, 

Georgia, Maine, Mississippi, North Carolina, New Hampshire, Vermont, and West 

Virginia do not have voluntary contribution as a revenue source.  Rhode Island, North 

Carolina, New York, Mississippi, Massachusetts, Indiana, Illinois, and Connecticut 

do receive state funding as a revenue source. Only Connecticut, Indiana, 

Massachusetts, New York, and Rhode Island have both voluntary contributions and 

state funding as revenue sources. All states, therefore regions, have legal consent 

derived from donor designation and driver’s license except for Connecticut which 

only derives legal consent from a driver’s license.  
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4.3 Limitations  

There are a few limitations to be considered in this study. Geographic region 

assignment did not adhere to the OPTN map and may have influenced the 

disbursement and concentration of certain demographics. The study does not include 

all of the states in the U.S. and therefore, the observed results cannot be generalized to 

the entire country. Hispanic Americans have a higher population in the South West 

and Western regions of the country and that could influence the numerators and 

denominators, such that the net effect on the rates is not evident.  While Native 

Americans and Pacific Islanders were excluded because of low count, they are still 

vital contributors in the diversity of the United States and need to be included in 

studies dealing with health disparities. Also possible human error in cleaning and 

managing of data needs to be considered.  

4.4 Future Direction 

 Considering the mentioned limitations, future direction of the study would 

include more geographic regions and the excluded population of Native Americans 

and Pacific Islanders. Another future direction is the influence of religion beliefs and 

race and how those burial rituals influence the decision of organ donation and/or their 

view on living-donor donation. If there are, investigations about possible solutions to 

overcome that hurdle such as: researching the effects of how to approach families and 

patients on the topic of organ donation and the impact of talking to religious leaders 

about organ donation. As the study and science behind epigenetics, the study of 
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potentially heritable changes in gene expression that does not involve changes to the 

underlying DNA sequence, rises, organ transplant and donation may be affected. 

Certain genes and genetic disorders affect certain races more than others, therefore 

disparities in organ transplant and donation may change depending on what the future 

holds in the field of epigenetics. Lastly, investigating public health policies and 

effects on organ donation could be a future direction of the study. For example, if the 

opiod epidemic continues over the next decade, what will be the impact on the 

amount and demographic of deceased-donor donations. While higher rates of 

mortality among the younger and healthier subgroups of the population could lead 

increased rates of deceased-donor organs accessible for transplantation, it would also 

mean that there is a new public health crisis to address. Additional advances in 

regenerative medicine and organ bioengineering is a hopeful solution to enhance the 

supply of organs suitable for transplantation. 
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5 CONCLUSION  

  The demand for organ transplants have dramatically increased, yet number of 

organs available have remained stagnant resulting in an organ shortage crisis. Organ 

donation saves thousands of lives, and sufficient amount of accessible organs can 

alleviate the suffering and economic burden of end-stage organ failure. African-

Americans, Hispanics and Native Americans are more likely to suffer from chronic 

diseases such as high blood pressure and diabetes which puts them at a greater risk for 

needing an organ transplant. The U.S. Department of Health and Human Services has 

implemented “National Minority Donor Awareness Week” to acknowledge the fact 

that across the United States, minorities comprise more than half of the national 

waiting list for an organ transplant. The purpose of this study was to analyze 

geographical and racial differences in deceased-donor organ donation attributable to 

neurological-related deaths from 2000-2015. Unadjusted and adjusted rates of 

deceased-donor organ transplantation were estimated. Rates were adjusted by sex, 

age, race, region, and neurological-related deaths and organ donation interaction test 

were conducted. The study found that Black Americans and states in the Southern 

region have the highest prevalence rate of in deceased-donor organ donation. Over 

time the rate of donation in Black Americans has increased and the difference in 

donation rate in comparison to Whites and Hispanics increase as well. However, the 

Mid-Atlantic region was the only region for which the rate of deceased-donor organ 

donation increased over time. Regarding neurological-deaths, deceased-donor organ 

donation following a stroke was more common; however, the donation rate has been 
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declining over time, and will be supplanted by deceased-donor organ donation after 

anoxia soon if the trend persists. Prevalence in donation from Anoxia-related deaths 

has increased the past eight years, with higher donation rates over time. The rise in 

deceased-organ donation following death by anoxia may be influenced by the opioid 

epidemic. Regionally, there were no difference in the legislation that governs 

deceased-donor organ donations, but on a state level, there are differences in revenue 

sources. Future studies could focus on these factors in a larger dataset to determine 

their impact on overall mortality, and their contribution to the deceased-donor organ 

pool. 
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