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ABSTRACT

Title of Dissertation: Firearm Injuries in Maryland, 2005-2014: Trends, Recidivism,
and Costs

Paul A. Thurman, Doctor of Philosophy, 2018

Dissertation Directed by: Meg Johantgen, PhD, RN, Associate Dean for the PhD
Program, OAD, Associate Professor, OSAH

Background: Violent injuries related to firearms are common in the U.S.,
whether accidental or intentional. Restrictions on use of Federal dollars for research on
injury prevention involving firearms has limited our knowledge of how firearm injury
impacts the health care system. The objectives of this study are to characterize firearm
injuries (FI) in Maryland, quantify recidivism, and to describe hospital treatment and
their associated costs for Maryland.

Methods: ED and inpatient hospital records utilizing E codes consistent with FI
were linked across visits to create unique cases from 2005-2014. Recidivism was
defined as any subsequent ED visit or hospitalization for FI. The relationship of social
determinants of health derived from US Census data to the rate of FI hospitalization by
zip code were examined with generalized linear models, as were FI associated hospital
costs.

Results: Those with a Fl are primarily single young black males, with overall
hospitalizations decreasing over the time period. While 9% died in their initial FI,
recidivism occurred in 3% of the individuals. Personal Disadvantaged (IRR = 1.13) and
Working Disadvantaged (IRR = 1.04) factors were associated with increased rates of Fl
within zip codes. Hospital costs were significantly predicted by being self-

pay/charitable and injury severity, with estimated mean costs for one FI of $47,364. In



2013, FI hospitalizations totaled $14m, of which 25% (n=129) accounted for over
$10m.

Discussion and Implications: FI hospitalizations are decreasing and are
increasingly linked to social determinants of health, which require multifaceted
interventions with short term goals of interrupting ongoing violence and long-term
goals of preventing future violence. The states are absorbing much of the health cost
burden. Further research is needed, which should include developing a registry linking
hospitalizations, deaths, and crime data that can be used to evaluate trends and

effectiveness of interventions.
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CHAPTER 1: INTRODUCTION

1.1 Background

Violent injuries related to firearms are common in the U.S., whether accidental
or intentional. While it may seem that there has been an increase, of the annual 6
million victimizations, the percentage of all violence that involves a firearm did not
change substantively between 2004 and 2011, fluctuating between 6% and 9%.%2 Yet,
there is considerable variation by region with Baltimore City being known for violence.
Between 2013 and 20173, on average Baltimore City had 555 shootings, 243 homicides
involving a firearm, and 1086 aggravated assaults annually. Since 2014, those numbers
have increased each year (Figure 1.1). Many of these injuries necessitate substantial
acute and post-acute healthcare resources. Research quantifying the extent of the
resources used, the short-term outcomes, and the repeated firearm injuries (FI) or
recidivism is needed.
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— Aggravated Assault 836 757 1128 1244 1467
Homicide 187 160 298 272 300
Shooting 101 369 635 666 703

Figure 1.1 Baltimore City Firearm Crime Statistics 2013-2017



While crime data are collected on homicides and shootings, there are limited
examination of their health implications. This statement, “none of the funds made
available for injury prevention and control at the CDC may be used to advocate or
promote gun control” was added to appropriations leading to a reduction in firearm
injury (FI) research.* In January 2013, President Obama, through executive orders,
directed federal agencies to improve basic knowledge related to: (1) causes of firearm
violence; (2) interventions, which might be effective; and (3) strategies to minimize its
public health burden.* President Trump’s administration may be in support of firearm
research as the Secretary of Health and Human Services Alex Azar stated that he would
allow his department to conduct research into the causes of gun violence. Thus, there is
an opportunity and a call to examine the costs and health outcomes of FlI.

In considering the health resources required to treat FI, some information is
known. In the US, most patients with FI are released home from the emergency
department. Many are uninsured, resulting in considerable financial burden to
hospitals, and federal, state and local government.>

Recidivism or recurrence of Fl is poorly understood. Recidivism, a term
borrowed from criminal justice literature, occurs in a person who has had a FI hospital
admission and then has additional separate FI admissions that are unrelated to each
other. For example, the individual has a FI to the leg, discharged from the hospital and
then has a FI to the chest that occurs at a later date would exhibit recidivism.
Recidivism may occur because of retaliation®. Being a victim of a shooting may
prompt the victim to respond in kind, by engaging in violence to maintain their social
standing, increasing their risk of re-injury’. In a study of hospitalizations from
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Washington State, hazard ratios were calculated for risk of having a firearm related
hospitalization, firearm related death, or being arrested for a firearm related or violent
crime based on the reason for their initial hospitalization. For those whose initial
hospitalization was for a Fl, they had a significant hazard ratio of 21.2 for being
hospitalized again for a Fl, 4.3 for having a firearm related death, and 2.7 for being
arrested for a firearm related or violent crime compared to those whose initial
hospitalization was not related to any injury.?

The objectives of this study are to characterize the health care treatment and
their associated costs for FI in Maryland, partially meeting two of the Institute of
Medicine and National Research Council objectives: characterizing differences in
nonfatal and fatal gun use across the United States (Maryland in this case), and
improving the understanding of risk factors that influence the probability of firearm
violence in specific high-risk physical locations. The long-term goal is to elucidate the
factors associated with recidivism in FI. The central hypothesis is that recidivism in Fl
occurs disparately between racial/ ethnic groups, genders, ages, and socio-economic
statuses with considerable societal costs for hospitals from unpaid charges and
government through Medicaid programs.

The following specific aims will be examined:

1. Describe the FI characteristics and treatments of patients cared for in
Maryland hospitals including extent of injuries, use of high cost hospitals resources (i.e.

blood, intensive care, operations, etc.), and disposition.



2. Determine the frequency of recidivism for patients hospitalized for FI
within a 10-year period and identify the individual and/ or neighborhood level
characteristics associated with likelihood of recidivism versus no recidivism.

3. Estimate the acute care costs of firearm related injuries including
hospital charges, length of stay, and disposition at discharge; determine the contributing
factors associated with those costs.

1.2 Firearm Injuries Using Administrative Data

During research practicums and other course work in preparation for this
dissertation and to better understand both emergency room data and state level variation
in FI, data from the Healthcare Cost and Utilization Project’s (HCUP) State Emergency
Department Database (SEDD) for California in 2009 and data from the R Adams
Cowley Shock Trauma Center Registry’s data from 2000 — 2013 were examined. The
SEDD dataset included 4977 records that were related to a Fl using the International
Statistical Classification of Disease (ICD-9) codes for external causes of injury. The
sample was mostly male (87.3%), Hispanic (40.5%) and in the lowest quartile for
median income (46.4%). Most of the sample was self-pay (47.6%). Most patients lived
in urban areas with populations greater than 1 million people (68.4%). FI visits to the
emergency department (ED) frequently occurred (40.7%) on the weekend. Months with
the highest number of visits were May, June and July. Death occurred in 9.2% of this
sample. Assaults were the cause for 52.6% of the visits, while the type of weapon used
was mostly unspecified (73.8%). The mean age was 27.2 (SD 11.5). The mean ED
cost per encounter is $2318 (SD $3638) using costs obtained from the CDC’s Cost of
Injury Reports. Thus, estimated costs for the ED encounters above were $10,744,978.
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Given the large portion of payer status was self-pay in this sample, it is likely that some
part of those costs will not be reimbursed or were paid for by Medicaid. This is type of
injury affects mostly young adults, who may become disabled resulting in costs society
in lost earnings and increased burden on the healthcare system.

The R Adams Cowley Shock Trauma Center Registry’s data from 2000 — 2013
contains a total of 5,739 admissions that occurred from January 1, 2000 through
December 31, 2013 from 5,601 unique patients with a F1.® In that time period, 5,511
patients had their initial firearm related injuries. The sample is 79.7% Black, 69.1%
from Baltimore City and 90.5% male. Assaults accounted for 89.2% of the reason for
injury and 92.3% of all injuries were the result of a handgun. The overall number of
firearm related events ranged from 333 — 482 per year.

Recidivism (the second, third, or n event) in these data occurred 145 times in
135 patients. The data are left truncated in that eighty-five patients had their initial
firearm related event prior to January 1, 2000 and, thus, time zero, the date of the first
Fl event, is unknown. The reason for injury in 96.6% of those with recidivism was
assault and 95.9% were caused by a handgun. These events primarily occurred in
Baltimore City (84.1%). When analyzed by stratified counting process with a stratified
Cox proportional hazard model to control for the recurring event 14, those with
recidivism have a hazard ratio of 6.5 (95% Confidence Interval 2.5-16.8) for death
while controlling for the Injury Severity Score, compared to those that only have a
single event. The Injury Severity Score was included in the model to control for the
differences in the types of FI, such as superficial wounds to an extremity compared to a
FI to the chest. After an initial FI, 81.2% survived to discharge from the hospital, after
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the second event 78% of those survived, after the third event 67.9% of those survived,
and after the fourth event 66.7% survived. Gender, race, reason for injury, type of
weapon, nor living in Baltimore City significantly predicted recidivism when analyzed
with generalized linear mixed models.

1.3 Significance

FI result in significant individual and societal burden and may be viewed as a
public health disease. As mortality rates may be as high as 14%*>1°, these lives lost
cause emotional loss to the individual’s family and friends as well as loss of
productivity that the individual may contribute to society as a whole as young people
are primarily affected. Also, considering 75%of the victims meet full criteria for
PTSDY, if untreated they may develop mental illness and substance abuse further
exacerbating symptoms. As up to 59% are discharged from the emergency
department,® without appropriate follow-up, it may go unrecognized and untreated.

Treatment of firearm related injuries results in burden on the healthcare system
in the use of resources, such as, hospital bed occupancy, operating room time, and blood
use, without recoupment of payment in many cases related to lack of insurance
coverage. This becomes problematic as many victims are evaluated in trauma centers
associated with academic medical centers who may have limited funding due to their
payor mix.

Poverty and low social determinants of health (limited education,
unemployment, and environmental exposures) have been shown to be significant
predictors of firearm related injuries, mainly affecting impoverished Black Americans.
In the study of firearm related injuries, neighborhood level characteristics must be
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considered to assess how social determinants of health independently influences the
likelihood of FI.

Firearm related events are a significant challenge facing our nation. Given
recent events, we need to determine the effects that community level characteristics
play in the choices of individuals to carry a weapon and then to use that weapon. The
impact of the Affordable Care Act (ACA) should be examined to determine if insurance
coverage has any effect on hospital resources and revenue. The ACA may spur insurers
to become involved in prevention programs for FI as they may begin to lose money by
insuring high risk populations.

1.4 Research Questions and Hypotheses

Research question 1: What are the FI characteristics and treatments of Maryland
residents cared for in Maryland hospitals including extent of injuries, use of high cost
hospitals resources (e.g, blood, intensive care, operations, etc.), and disposition?

Hypothesis 1: It is hypothesized that FI occurs disparately in young, minority
males.

Research Question 2: How do individual and/or social determinants of health
change the likelihood of recidivism occurring?

Hypothesis 2: Social determinants of health, such as poverty will have a
stronger prediction than individual characteristics of race in predicting one’s likelihood
for recidivism.

Research question 3: What factors contribute to the healthcare costs associated

with FI?



Hypothesis 3: Costs associated with firearm related injuries will differ
significantly based on the severity of the injury.
1.5 Research Design

No one data source was available that includes healthcare services for all firearm
related injuries. Maryland collects information on inpatient services (as defined by
Medicare) and hospital-based outpatient and emergency visits through the Health
Services Cost Review Commission (HSCRC). As these yearly data are submitted by
hospitals, they include all patients regardless of payor. These data were combined and
linked to create a cohort of patients with FI and used to describe the characteristics of Fl
victims over a 10-year period, 2005-2015.

Then the administrative data were linked to other data sources.'® The United
States Census Bureau counts every resident and collects household level data to make
estimates about income and poverty, housing, employment, education and family
makeup in geographical areas such as zip code. These data were linked to the zip code
of people with FI, providing data for social determinants of health.

Since individuals within the dataset have unique identifiers, recidivism could be
identified within the dataset and records were linked to determine cases of recidivism.
Both individual characteristics and social determinants of health were examined for
their relationship to the odds of having recidivism and rates of FI using regression
models. Hospital charges were converted to costs and examined for significant
predictors while controlling for the severity of injury.

1.6 Conceptual Framework



Multiple theories for intentional acts of violence have been posited. The
determinants of violence are thought to operate at multiple levels. These levels include
the situation, individual, community, and society. In the Great American City: Chicago
and the Enduring Neighborhood Effect!®, Sampson posits that these levels are all
intertwined in a theory of context and that individual outcomes are not the simple result
of their choices but reflect decisions that unfold within spatially grounded social
structures and institutionalized processes that limit options, as well as reproduce
existing inequalities between individuals, households, and neighborhoods. Human
beings exist within well-defined social systems, such that individuals and their decisions
are contextualized socially, spatially, and institutionally.

Characteristics of neighborhoods are highly stable over time despite movements
of people and institutions into and out of specific areas. Inequalities between
neighborhoods are determined by subjective perceptions connected to prejudices of race
and class. Neighborhood resources reflect collective efficacy and organizational
capacity, which are causes and consequences of individual and neighborhood
characteristics. Collective efficacy has been defined as a shared expectation for social
control. Both efficacy and capacity are connected to socioeconomic disadvantage and
racial segregation. When efficacy and capacity weaken within the neighborhood, the
neighborhood spirals into a perpetual decline. These have been shown to influence a
variety of individual and aggregate outcomes including health, mortality and crime, all
pertinent to the study of injuries related to violence.

In Sampson’s theory of context (Figure 1.2), the outcomes of interest are rates of
social behavior such as substance use, assaults, theft, etc. These outcomes are related to
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the structure and culture of the neighborhood (link 4) and actions or “choices” of
individuals (link 3). In link 4, the make-up of a neighborhood influences rates of social
behavior for example ecologically concentrated disadvantage within a neighborhood
has been linked to violence, disorder, and incarceration. Also, in link 3, the actions or
“choices” of individuals, influence rates of social behavior such as choosing violence as
a method of conflict resolution leads to violence, disorder, and incarceration. In link 2,
the individual’s action or choice can be determined by their propensity and capacity;
perceptions and meanings; and/or interactions of these, such as an individual perceiving
that someone disrespected them makes a decision to confront another leading to conflict
resulting in violence. The culture of the neighborhood is such that all the person has is
their self-respect. Culturally, self-respect is valued above anything else which leads to
link 1. Sampson’s theory of context provides a framework for multilevel modeling of
environmental factors as well as individual factors in creating patterns of behavior.
Using this theory, the social determinants of health: poverty, marital status, race/
ethnicity, education, vacant buildings, and employment, interact with the individual’s
characteristics: race, gender, age, alcohol/ substance use, and the severity of injury at
their first FI, and influences whether they experience another FI (Figure 1.3). While
this model is useful to study relationships, it is broad and difficult to use in supporting
individual interventions. The theory of context is based on the city of Chicago,
therefore, may not be generalizable to other cities, although Baltimore is much like

Chicago in that they both have high rates of violent crime.
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1.8 Assumptions, Limitations, Scope, and Human Subjects Protection

This study uses administrative data which are retrospective, thus causality

cannot be inferred. Cases may be misclassified and bias the results as this

administrative data rely on ICD-9 codes and hospital coding practices. Selection bias

may result if the individual experienced a recurrent FI but died at the scene and never
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made it to an ED. Information bias may occur as data are collected at many different
hospitals with varying emphasis and effort at quality coding. The significant
relationships found may also not be generalizable as they are specific to Maryland and
the sample is primarily Black males. This study qualified for expedited review and was
approved by the University of Maryland, Baltimore Institutional Review Board

(Appendix A).
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CHAPTER 2: REVIEW OF LITERATURE

This is a focused synthesis of Fl in the United States highlighting characteristics
that are related to this study. Details of individual studies may be found in Appendix B.
2.1 Introduction

Violent injuries related to firearms are a significant problem in urban areas.
There has been a paucity in research since 1996 due a congressional amendment
limiting CDC funding of FI research.* These injuries are expensive to treat. The
victims are often uninsured and have significant social problems.?

According to the US Bureau of Justice, firearm violence accounted for about
70% of all homicides and less than 10% of all nonfatal violent crime from 1993 to 2011
with handguns being used for about 70% to 80% of firearm homicides and 90% of
nonfatal firearm victimizations.! In 2013, about 75% of all serious violent crimes that
involved a firearm were reported to police.? The number of injuries, their associated
costs, and outcomes that may be related to these events is largely unknown. The
literature was reviewed to determine the current gaps regarding firearm related injuries.
2.2. Methods

A literature search was conducted to determine what is currently known
regarding firearm related injuries. Included in the search were “firearm” or “gun” and
“injuries” which yielded 18,716 results. The search was narrowed by including United
States of America, which lowered the count to 6,820. The search was limited to English
language, peer reviewed academic journals lowering the count to 2,444. The search
was additionally narrowed by selecting the following subject terms: research,
epidemiology, mortality, research-finance, descriptive statistics, data analysis, logistic
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regression, socioeconomic factors, statistics, cross-sectional method, correlational,
public health, analysis of variance, longitudinal method, comparative studies, regression
analysis, retrospective studies, disease prevalence and multivariate analysis, which
yielded 314 results. After removal of duplicates 111 titles were reviewed. A total of 59
titles referred to either victim, injured or injury, incidence, prevalence, cost or charges,
disparities, and/ or predictors, for full review. After full review 21 references remained
for inclusion in this review.
2.3. Results

The details of each review can be found in Appendix B. The studies date from
1991 —2017. The studies range from analysis of nationwide data sets to analysis of
individual trauma registries to surveys of patients. The summary that follows is
organized by demographics; intent of the FI; disposition; financial resources; injury
types and surgical procedures; timing and location of occurrence; predictors of assault
injury rate, homicide, mortality, FI and carrying a firearm; offender and victim
relationship; post-traumatic stress disorder; and risk for a FI hospitalization, FI death,
arrest based on firearm related or violent crime.
2.3.1. Demographics

Of those that have FI, between 80 and 92% were male. Between 55 and 86%
were Black®21% and 14 and 24% were Hispanic®?. The reported average age is 23 to
34 years®22, with 21% between the ages of 15-19 as well as 20-24 and 20% older than
40 years °. The amount of those at younger years has increased from 3.4% to 7.5%
between the ages of 14-17%2, and 30% being younger than 25 years?? and 50% being
between the ages of 20-29 years?.
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2.3.2. Causes of Firearm Related Injuries

The total number of FI reported are between 131,013 to 134,445 annually”?’
with total rates ranging from 38.5 — 70.32 per 100,000 persons’2"?®, Assaults are the
leading cause of FI, accounting for between 52 — 78% of the firearm related
injuries”®162528 ‘syicide accounting for 7-8%"°, and unintentional intent (accidents)
between 5-31%%%. Handguns were the most reported weapon being used in 89-98% of
cases.162!
2.3.3. Disposition

Between 4 and 14%?*>1° of those with FI died prior to arrival at the hospital and
overall mortality ranged from 4.7-14%%1%21.28  Fifty nine percent of those seen in the
emergency department were discharged home, while 35% required admission to the
hospital.® Seventy-five percent of all firearm related injuries had a routine discharge
home, 5% required home health services and 7% were discharged to a different type of
facility.®
2.3.4. Financial Resources

The median hospital length of stay (LOS) is between 2.4 and 7 days®2128 with
critical care LOS?! median of 3 days. The median time requiring mechanical ventilation
is 1 day and the median units of blood transfused is 8 units.? Those who were injured
were uninsured or had a self-pay payor status in 29 — 88% of cases.>® Of the amounts
payors and patients were charged, between 22 — 25% were recouped.®?

Total annual charges ranged from $802,270,788 - $18,622,721,416 between

1994 and 2010.>"92127 One study?! reported hospital charges increased by 323% from
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2000-2011. The median charges for a patient requiring admission ranged between
$4,423 and $17,000.
2.3.5. Types of Injuries and Surgical Procedures

FI most frequently impact the chest and abdomen causing an internal injury in
20% of cases, 16% of cases have a lower extremity fracture, 12% have an open wound
to the head, neck, or trunk, and 12% have an open wound to their lower limb.?®
Seventy-five percent?! require at least one surgical procedure with 71 — 80% requiring a
procedure to their chest or abdomen®. Multiple procedures occur in 37% of patients®
while 17% require no procedure®,
2.3.6. Timing and Location of Occurrence

Peak occurrence occurs on Saturday into Sunday from 4pm — midnight in the
months of October and November then again in January, May and June.®?%?® Trauma
centers receive the majority of patients (82% of cases) and the events occur in the
location of the patient’s city of residence and within 6 miles of the trauma center.?!?°
FI events may cluster, as the occurrences of receiving 2 or more patients within 15
minutes of the other arrival has increased from 1-8% of the time in 2001 to 16-28% of
the time in 201112
2.3.7. Predictors of Assault Injury Rate, Homicide, Mortality, FI, and Carrying a
Firearm

FI assault injury rates have been associated with the percentage of vacant
housing units and concentration of poverty.?® Poverty, unemployment rate, lower
proportions of adults older than 25 years of age, lower proportions of adults with high
school or greater education have been associated with increased homicide rates.?? Fl is
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9 times more likely to occur in males.?” Being attacked at home, being Black, being
male, being younger, perceiving the offender as being intoxicated, and being a Black
male where a gun was used increased the likelihood of being injured in a violent event.
However, being more “disadvantaged” and being a Black male, and having a gun used
reduced the likelihood of being injured.®® Adolescents from rural from Ohio were asked
about their exposure to violence, 10% admitted they had a gun pointed at them and 8%
stated they had been shot at. In these adolescents, their gender and amount of poverty
significantly increased their likelihood of also carrying a gun.3! Mortality from FI was
associated with the number of units of blood transfused (OR=1.04), abbreviated injury
scores for chest (OR=2.17) and head (OR=2.64), having multiple wounds (OR=1.11)
and being of older age (1.03).%
2.3.8. Offender and Victim Relationship

The relationship of the offender to the victim varies by the gender of the victim.
When the victim is a female, the offender was the current or former spouse in 15.9% of
cases, the offender was a friend or acquaintance in 12.2% of cases, the offender was a
stranger in 12.2% of cases, the offender was another family member in 5.8% of cases,
the offender was part of a gang or group in 1.9% of cases, the offender was a parent or
guardian in 1.6% of cases, and the offender was a police officer in 0.6% of cases.?®
When the victim was male, the offender was a stranger in 18% of cases, part of a gang
or group in 12.6% of cases, friend or acquaintance in 9.9% of cases, police officer in
4.8% of cases, current or former spouse in 3.9% of cases, other family member in 3.7%

of cases, and a parent or guardian in 1.6% of cases.?®
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2.3.9. Post-Traumatic Stress Disorder

In a group FI individuals who were followed up by a hospital violence
intervention program, 75% met full criteria for having post-traumatic stress disorder
(PTSD), with 81% meeting avoidance criteria, 91% meeting re-experiencing criteria,
and 88% meeting arousal criteria. These patients in addition to their firearm event were
asked about prior adverse childhood events.!” Eighty-one percent had experienced 2
events, 50% experiencing 4 events, 22% experiencing 6 events, and 6% had
experienced 8 or more events. These results underscore the need to integrate screening
for PTSD and adverse childhood events into violence prevention activities—both in and
beyond hospital settings.
2.3.10. Risk for a Firearm Related Hospitalization, Firearm Related Death, Arrest Based
on Firearm Related or Violent Crime

In a study of hospitalizations from Washington State, hazard ratios were
calculated for risk of having a firearm related hospitalization, firearm related death, or
being arrested for a firearm related or violent crime based on the reason for their initial
hospitalization.!? For those whose initial hospitalization was for a Fl, they had a
significant hazard ratio of 21.2 (95% CI, 7.0 to 64.0) for being hospitalized again for a
Fl, 4.3 (Cl, 1.3 to 14.1) for having a firearm related death, and 2.7 (Cl, 2.0 to 3.5) for
being arrested for a firearm related or violent crime compared to those whose initial
hospitalization was not related to any injury
2.4. Discussion

Firearm related injuries result in significant individual and societal burden.
Considering mortality rates up to 14%, these lives lost cause emotional loss to the
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individual’s family and friends as well as loss of productivity that individual may
contribute to society as young people are primarily affected. Considering an estimated
75% of the victims could meet full criteria for PTSD and up to 59% of FI victims are
discharged from the emergency department, without appropriate follow-up, PTSD may
go unrecognized and untreated. Those with untreated PTSD may develop substance use
disorder further exacerbating symptoms.

Treatment of firearm related injuries results in burden on the healthcare system
in the use of resources, such as, hospital bed occupancy, operating room time, and blood
use, without recoupment of payment in many cases related to lack of insurance
coverage. As many of these patients are evaluated at trauma centers, usually located
within an academic medical center with scarce resources, this becomes problematic
given the make-up of their payor mix.

Considering Sampson’s model, poverty and social capital (education,
unemployment, and unoccupied residences) have been shown to be significant
predictors of firearm related injuries, mainly affecting impoverished Black Americans.
In the study of firearm related injuries, neighborhood level characteristics must be
considered.

This review has many limitations given the studies may not be comparable.
First, some studies are measured at the population level from large national data sets,
while others are from individual hospital registries. The time frame also should be
considered as dollar amounts in 1996 are not comparable to dollar amounts in 2011
without adjustment. Some studies may not be generalizable given the study of decision
making to carry a gun may be different in rural Ohio than from an impoverished urban
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area. Some firearm events may not be captured in these data sets when considering
mortality and incidence, especially since the Bureau of Justice reports that only 75% of
injuries are reported to the police.

This review demonstrated that firearm related events remain a significant
challenge facing our nation. Given recent events, there is a need to determine the
effects that community level characteristics play in the choices of individuals to carry a
weapon and then to use that weapon. The model for weapon related behavior should be
considered in determining any intervention points. The impact of the Affordable Care
Act should be examined to determine if insurance coverage has any effect on resources

and if that may spur insurers to become involved in reducing firearm related injuries.
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CHAPTER 3: METHODS
This chapter presents the methods for this study including study design, data
source, sampling design, measures and data analysis procedures.

3.1. Data sources

Currently no one data source is available that contains all firearm related
injuries. According to the Bureau of Justice in 2013, about 75% of all serious violent
crimes that involved a firearm were reported to police, thus crime statistics portray a
partial picture.? The National Violent Death Reporting System is currently available for
32 states which links death certificates, coroner/ medical examiner reports, law
enforcement reports and crime laboratories, which accounts for suicide and homicide,
but not those that survive portraying a different picture. Healthcare data can provide a

unique perspective.

Maryland collects information on all inpatient, hospital-based outpatient
surgeries, clinic visits and referred outpatient ancillary utilization through the Health
Services Cost Review Commission (HSCRC). The HSCRC dataset does not capture
anyone who was seen in a private office or died at the scene of the injury portraying
another view. The HSCRC has published annual reports on injury since 2002, which
does include deaths from death certificates from the Maryland Vital Statistics
Administration. The report for calendar year 2011 states there were 739 ED visits, 632

hospitalizations, and 496 deaths related to FI with total charges of $20,396,772.32

The HSCRC data were joined to data collected by the United States Census

Bureau in the decennial census and the American Community Survey. These two data
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sources are utilized since the US Census Bureau has changed how it collects
information on the population. These two surveys account for every resident and
collects household level data about income and poverty, housing, employment,
education and family makeup. The data are aggregated to zip code which were linked
to the zip code where the individual resides providing details about the social

determinants of health for that individual.

3.2. Sample and Research File

Using ICD-9-CM E codes consistent with a FI, a dataset was compiled from 2005-2014
HSCRC data, which included a total of 8082 records. Each record represents a visit to a
Maryland hospital, ED or inpatient. Of those records, 240 (3%) were missing zip code
of residence, 62 (0.8%) were missing birthdate, 40 (0.5%) were missing race, 90 (1.1%)
were missing payor, 4 (<.1%) were missing sex, and 214 (2.6%) were missing marital
status. Not including marital status, a total of 436 (5.3%) records were missing key
variables and were deleted from the dataset. Of the remaining 7,646 records, 720 (9%)
records had a non-Maryland zip code and were excluded, leaving 6926 records for
analysis. Each case was given a case code based on their numerical order in the dataset
from oldest to newest.

Table 3.1 Coding of firearms in ICD-9-CM

Handgun Shotgun Huntingrifle  Military firearm  Other  Unspecified

Accident E922.0 E922.1* E922.2 E922.3 E922.8 E922.9
Suicide or self-inflicted injury E955.0 E955.1 E955.2 E955.3 E955.4
Assault E965.0 E965.1 E965.2 E965.3 E965.4
Legal intervention - - - - - E970
Undetermined intent E985.0 E985.1 E985.2 E985.3 E985.4
War - - - - - E991 (part)
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Some studies have shown that combinations of few characteristics often
uniquely or nearly uniquely identify some individuals in the population.®34 Almost
98% of the population in Montreal was uniquely identified by combining birthdate,
gender, race, and zip code.3* The dataset was examined for duplicate identifiers (1D),
which included birthdate, gender, race, and zip code, to determine which records were
from the same person. Multiple records with the same IDs may arise from patients
being transferred from one facility to another, in which case the discharge date and
admit date would be the same. They may also arise from readmissions related to the
prior admission. The HSCRC dataset includes a variable for readmission, which occurs
when a patient is discharged from a hospital and is admitted to any hospital within 30
days of the discharge. This variable was utilized to distinguish admission for a
complication of FI from that of recidivism in those that had multiple records. The
patient may also be admitted for a reconstructive surgery later such as a ventral hernia
repair from an open abdomen, or colostomy reversal or because the patient was
reinjured. They may also arise because two separate people may have the same gender,
race, having the same birthdate, and zip code. Cases were sorted based on being a
duplicate in order from oldest to newest based on discharge date. A variable was
created for the time between the date of the admission for that record and the date of
discharge of the immediately preceding record if the case was identified as a duplicate.
Using this method, a total of 6544 primary records were identified and 382 duplicate
records were identified. Each duplicate record was examined to ensure that the cases
were indeed duplicates. These duplicate records were then given the same identifier as
the primary case.
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3.3. Measures

The measures used as outcomes and variables of interested are described below.
3.3.1. Recidivism

Recidivism is a term used mostly in the criminal justice system, referring to
someone who is repeatedly incarcerated. Conceptually recidivism in this study occurs
in a person who has had a FI hospital visit (ED and/or inpatient), is discharged and then
has additional separate FI visit and they are both unrelated to each other. For example,
the individual has a FI to the leg, discharged from the hospital and then has a FI to the
chest that occurs later would exhibit recidivism. Operationally recidivism was
identified using the unique identifier and the following criteria: 1) the time between the
first case’s discharge and the next case’s admission was greater than 190 days; 2) the
time was greater than 30 days and not classified by the HSCRC as a readmission as
described above; 3) the time was greater than or equal to 14 days and hospital length of
stay was less than 2 days; and 4) the time was greater than or equal to 7 days and
hospital length of stay was less than 1 and the next admission was related to an assault.
The time of 190 days was considered recidivism as most reconstructive surgeries had
occurred by this time. The time of 30 days and not classified as a readmission was
chosen because typically any complication of that injury would have occurred by then.
The time of 14 days with a hospital length of stay was chosen to capture those patients
who may have had a fracture, but didn’t need to be admitted initially, but had a planned
admission for repair within 2 weeks. This may occur during very busy times when the
trauma center is at capacity and the injury is deemed to be urgent, but not in need of
emergent repair. The time of equal to 7 or more days, hospital length of stay less than 1
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day and the next hospital visit was labeled an assault was chosen to capture those cases
that may be due to retaliation for instance, the individual is shot in gang activity, has a
flesh wound which is treated and is discharged. The individual then finds the assailant
exchanges gunfire and is re-injured.

3.3.2. Social Determinants of Health

Operationally, social determinants of health were measured at the zip code level
(n=449). The selected measures for each zip code include percentage of Black
residents; percentage of unemployment; percentage of those living below the poverty
limit; percentage of those whose income is less than $25,000; percentage of those with
schooling up to grade 12; percentage vacant housing; percentage of head of household
obtaining public assistance; percentage of female head of household with children; and
percentage of non-owner occupancy. The census percentages changed between 2000
and 2011 (Table 3.2). Cases from 2005 to 2010 were given the scores from the 2000
decennial census and cases from 2011 to 2014 were given the American Community

Survey scores from 2011.
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Many of these social determinants of health were highly correlated with each
other in the FI sample data (Table 3.3), which could lead to multicollinearity.
Percentage of head of household receiving public assistance had spearman’s rho
coefficients greater than .8 with the percentage of those living below the poverty limit,
percentage of vacant housing, percentage of those with schooling up to grade 12,
percentage of those earning $25,000 or less. The percentage of those living below the
poverty level similarly had coefficients greater than .8 with percentage of vacant
housing, percentage of those with schooling up to grade 12, percentage of those earning
$25,000 or less. The percentage of those with schooling up to grade 12 had a
coefficient greater than .8 with earning $25,000 or less. Factor Analysis was used to
reduce the number of measures as these items are most likely a result of latent variables
of social determinants of health such as economic inequality due to structural forms of
racism.® Initially, using the census data from the joined data set, the variables mostly
loaded onto a single factor except for the percentage of Blacks per zip code. The
percentages were converted to standardized scores and averaged which was labeled
“Disadvantaged” and used in the bivariate and multivariate model for recidivism using
generalized estimating equations. As the analysis of social determinants of health was
limited in their relationship to recidivism, they were modeled with the numbers of FlI
hospitalizations for black males. Again, factor analysis was utilized to determine the
relationships to each other on the original census data at the zip code level because the
number of zip codes represented differed between the analysis of recidivism and the
analysis of all numbers of FI hospitalizations of black males for each zip code. The
variables could be reduced to 3 factors with essentially 3 variables on each factor (Table

27



3.4) with Eigenvalues of 2.98, 1.35, and .95. The percentage of females with children
as head of household, percentage of Black residents and percentage of non-owner-
occupied housing loaded together and were named “Personal Disadvantage” factor
(Eigenvalue =2.98). The percentage of unemployed, percentage with 12 grade
education or less, and the percentage of those earning less than $25,000 loaded together
and were named “Working Disadvantage” factor (Eigenvalue = 1.35). The percentage
of vacant buildings, the percentage of those living below the poverty limit, and the
percentage of residents who were the head of household and receiving public assistance
hung together and were named “Poverty” factor (Eigenvalue =.95). The percentages of
each item were transformed by binning to a scale of 0-100, thus the lowest percentage
was recoded to zero and the highest percentage was recoded to 100. The mean of the
three variables for each zip code created the score for each factor. The greater the score,
the more disadvantaged the zip code may be on each factor. The lower the score, the
less disadvantaged the zip code may have for each factor. This was utilized to examine

their relationship to the number of FI hospitalizations for Black males.
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Table 3.4. Factor Analysis of Social Determinants of Health (n=449)

Factor Loadings

Personal Working Poverty

Female HH Child .78

Black .76

Non-Own Occupy .68

Unemployed .80
Gradel2orLess .70

25K or Less .66 .53
Vacant .69
Below Poverty .40 49 .55
HH Public Assist .36 46
Eigenvalues 2.98 1.35 .95
Total Variance Explained 37.26 16.81 11.81

Description of the Factors for 2011 can be found in Table 3.5 and were joined to
the aggregate of FI hospitalization counts and rates for Black males for each zip code.
In each of the factors, as the measure increases, the amount of disadvantage increases.
Rates of FI hospitalization for Black males by zip code were chosen as recidivists are

primarily Black males.

Table 3.5. Description of the 3 Factors Associated with the Social Determinants of Health (n=457)

n=456 Mean  SD Median IQR Minimum Maximum

Personal Disadvantage 20 14 16 16 1 73

Working Disadvantage 17 9 15 11 2 73

Poverty 1 1 9 9 1 100
3.3.3. Costs

Conceptually costs are related to the money needed to restore a person to their
prior level of functioning. Operationally this may be the total charges incurred during
hospitalization. Hospital-level total inpatient costs are derived from inpatient charges

using the HCUP cost-to-charge ratios. The group average cost to charge ratio
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(GAPICC) is a weighted average for the hospitals in the group (defined by state,
urban/rural, investor-owned/other, and number of beds), using the proportion of group
beds as the weight for each hospital. The cost to charge ratios were obtained for 2005
and 2010. Eleven hospitals were included in 2005 and 9 hospitals in the 2010 HCUP
charge to cost ratio datasets of which only 2 hospitals were included in both 2005 and
2010. There were no significant changes (t=.102, p=.92) in the ratios from 2005-2010.
The mean cost to charge ratio of 0.77 for Maryland was used to adjust hospital charges
to costs. The individual hospital codes were not available; therefore, the mean ratio was
used.
3.3.4. Diagnoses and Procedures

Diagnoses and procedures are associated with costs incurred during the hospital
care. To determine these associations dummy variables were created for the most
common diagnoses and procedure ICD-9 codes. These can be found in Table 3.5 and

3.6.
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Table 3.7. Procedures and Related ICD-9- CM Codes

Procedure ICD-9 Description
Antibiotics 9921 Inject antibiotic
Chest Tube Insertion 3404 Insert intercostal cath
Cardiopulmonary Resuscitation 9960 Cardiopulm resuscita NOS
Central Venous Catheterization 3893 Venous cath NEC
Enteral Nutrition 966 Entral infus nutrit sub
Endotracheal Intubation 9604 Insert endotracheal tube
Fasciotomy 8314 Fasciotomy
Mechanical Ventilation 9671 Cont inv mec ven <96 hrs
9672 Cont inv mec ven 96+ hrs
Blood Transfusion 9904 Packed cell transfusion
Small Bowel Resection 4562 Part sm bowel resect NEC
Parenteral Nutrition 9915 Parent infus nutrit sub
Wound Care 8604 Other skin & subq i &
8609 Skin & subq incision NEC
8622 Exc wound debridement
8628 Nonexcis debridement wnd

8659 Skin closure NEC

3.3.5. Injury Severity

Injury occurs in various degrees and is induced by varying types of events. A
flesh wound to the arm from a handgun represents a lesser degree of trauma than does
an abdominal injury from a rifle, which in turn is less serious than a handgun injury that
enters and exits the head. Controlling for severity of injury is necessary in making
predictions of cost, mortality, and resource utilization. The Injury Severity Score (I1SS)
is derived from the Abbreviated Injury Scale (AIS).>® The AIS is an anatomically
based, consensus derived, global severity scoring system that classifies each injury by
body region according to its relative importance on a 6-point ordinal scale (1=minor and
6=maximal).®"*® The ISS is the result of squaring the three most severely injured body
regions AIS score then adding together. Each injury is assigned an AlS score and is

allocated to one of six body regions [Head, Face, Chest, Abdomen, Extremities
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(including Pelvis), and External]. If there are multiple injuries in that body region, only
the highest AIS score in each body region is used.®® The ISS will be used to control for
injury severity when making comparisons in mortality, cost, and length of stay. 1SS

tends to be not normally distributed and was recoded to a categorical variable where an

ISS of 0-8 recoded as low, 9-14 as medium and 15 and above as severe.*°
3.4. Analysis

For research question 1, a descriptive cross-sectional design was used to
describe the characteristics of FI victims over a 10-year period. As this question is
descriptive, a power analysis is not needed. Demographics, types of injuries, hospital
resources and disposition were described using descriptive statistics. Mean and
standard deviation were used to describe normally distributed continuous variables,
median and percentiles were used for non-normally distributed variables, and
percentages will be used to describe categorical variables. All statistical analysis was

completed using IBM SPSS, v. 22.

For research question 2, a retrospective cohort design was utilized to examine an
individual’s risk for a recurrent FI and the relationship between individual and
neighborhood level characteristics to the time of a recurrent injury. Cases of recidivism
were identified over a 10-year period. Recidivism was reduced to a binary event,
present or absent. The risk set was any individual who experienced a Fl and did not die
in the index ED or hospital visit. The individual was labeled as having recidivism if
they experienced a recurrent Fl as described above. Descriptive statistics were used for

demographics of the groups. Bivariate analysis was completed to identify relationships
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with the outcome as well as to identify relationships between the predictors. Logistic
regression was utilized to explore the relationship of the predictors to having recidivism
or not. Also, of interest was the effect of social determinants of health on the odds of
having recidivism. This analysis attempted to utilize a multi-level model at the patient
and zip code level. This sample contains 5,928 individuals in 301 zip codes with 172
identified cases of recidivism in 43 zip codes, which should have been adequate for 10
predictors. Neighborhood level characteristics were introduced as covariates requiring
the use of generalized linear mixed models with a binary logistic regression. The
Hessian matrix was not positive definite with generalized linear mixed models;
therefore, generalized estimating equations was utilized. These models overfit due to
the small number of cases in categories of the predictors as evidenced by small R square

values and 100% prediction in the contingency table.

The likelihood of being a recidivist was regressed upon age using a conditional
logistic regression model of matched pairs of FI hospitalization of non-recidivists
(controls) and recidivists (cases) accounting for the lack of variation in the sample.
These controls were randomly selected and exactly matched with the recidivist’s race,
sex, zip code, payor status, and intent of the FI to determine the ages of those who are at
risk for recidivism. This methodology prevented the evaluation of social determinants
of health on recidivism as the recidivists were matched to non-recidivists using zip

code.

Black males comprise 83% of non-recidivists and 98% of the recidivist. The
counts of FI hospitalizations for Black males by zip code were examined in relation to

the social determinants of health. The FI hospitalization rates for Black males were
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calculated using the total number of FI hospitalizations for Black males in a zip code
divided by the total number of Black males for each zip code using the 2011 American
Community Survey multiplied by 1000. This calculation yields the number of FI
hospitalizations per 1000 Black males for each zip code. These rates were mapped
using ArcGIS 10.6.1 using a point density map where 1 point represents 1 Fl
hospitalization per 1000 Black males for Maryland with the county overlay. To
understand the relationship of social determinants of health to FI hospitalizations of
black males, the 3 factors, “Personal Disadvantage”, “Employment Disadvantage”, and
“Poverty” were used as predictors for the counts of FI hospitalizations for Black Males

by zip code using a generalized linear model with a negative binomial distribution.

For research question 3, hospitalizations from 2013 were used. The data file
was restructured and the costs of the 542 FI hospitalizations were summed to a single
patient level unless the admission was unrelated to the prior injury which yielded 516
cases. This accounts for the few numbers of unique individuals that had more than one
record due to transfers to higher levels of care and readmissions that were related to the
same injury. This analysis was kept to a single year since dollar amounts are not
comparable over the 10 year time span due to inflation. As this is a single level
regression, the 516 cases were adequate for up to 35 predictors. Descriptive statistics
were used for total costs for FI. Costs tend to be distributed in a negative binomial,
Poisson, or gamma distribution. Options for dealing with skewed data are to transform
the outcome or to fit a model using the distribution of the data. A fundamental
assumption for the Poisson model is that the mean is equal to the variance. This

assumption is often untenable. Consequently, the negative binomial distribution where
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the variance exceeds the mean or gamma distribution where the variance is proportional
to the square of the mean may be the preferred models. A modified Park test*4?,
utilized the residuals from a null regression model predicting costs to determine the best
distribution for the data. To perform the Park test, the costs were log transformed and
regressed upon the square of the residuals from a null model of costs with a resulting
coefficient of 2.041. This indicates that the variance is proportional to the square of the
mean; therefore, a gamma distribution would best fit the data. Crude estimates were
obtained for adjusted healthcare dollars using bivariate models for predictor variables
such as payer status, severity of injury, and other individual characteristics.

Generalized linear models were used to adjust for covariates as they don’t require
normality and evaluates the log to the mean, not the mean of the logs limiting bias
related to retransformation. The estimates obtained using the gamma distribution
multivariate model were compared to those from linear regression model using log

transformed costs.
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CHAPTER 4. RESULTS

This chapter presents the findings of the FI hospitalizations, which includes ED
and hospital visits for Maryland residents hospitalized in Maryland hospitals. The
results are presented in order of research questions. First research question 1 describes
the 10 years of FI hospitalizations and their trends. Following are the results from
research question 2 regarding the analysis of recidivism. Finally, the results of research
question 3 regarding hospital costs and their predictors are provided.

4.1. Characteristics of FI Hospitalizations of Marylanders

Between January 1, 2005 and December 31, 2014, 6926 hospitalizations for
Marylanders occurred due to a FI. The demographics for FI hospitalizations (Table 4.1)
are primarily young (median age 25 years old) males (92%), Black (83.4%), and single
(86.6%), with Medicaid (47.7%). Nearly half of injuries (43.8%), were of low severity.
Of the total number, 644 (9.3%) resulted in death. The majority, (67.8%) of FI
hospitalizations are the result of an assault, with the weapon unspecified (68.1%). The
median FI hospitalization cost was $9,676 and ranged from $15 to $2,157,227. The
most frequent diagnosis codes were related to an injury to the leg (21%) and the most
frequent procedure was blood transfusion (20.1%). Of the FI hospitalizations, 24.7%
had a diagnosis code for tobacco use, 15.6% for substance use, and 9.2% for alcohol
use.

Percentage of total hospitalizations as a percentage of the 10-year total
decreased between 2006 and 2014 (Figure 4.1). As the number of FI hospitalizations
decrease, so do total annual hospital costs. Although the annual frequency of
hospitalizations has decreased, the proportion of fatal and non-fatal FI hospitalizations,
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the intent of injury, and the weapon used has remained fairly constant (Figure 4.2, 4.3,
& 4.4). The dataset contained no records of fatalities for 2013. The individual’s age at
time of hospitalization is younger for Blacks (median age = 24) than Whites (median
age = 33) and other (median age = 28) races (Kruskal-Wallis df=2, 170, p<.001). The
age at which the number of hospitalizations begins to increase for Blacks is 14 and
peaks at 19 (Figure 4.5).

FI hospitalizations peak in July and nadir in February (Figure 4.6). Baltimore
City residents had the highest proportion (56.2%) of the 6926 hospitalizations, followed
by Prince George’s County (14.6%), and then Baltimore County (11.3%) (Tables 4.2
and 4.3). Figure 4.7 depicts the proportion of total FI hospitalizations for the top 3
counties over the 10 years, showing the proportion of FI hospitalizations decreased for

Baltimore City and Prince Georges county, while Baltimore County remained constant.

Table 4.1 Demographics of FI Hospitalizations, 2005-2014 (n=6926) Continued to the top of page 40

Frequency Percent

Sex Male 6370 92.0
Female 556 8.0

Race Black 5773 83.4
White 889 12.8

Other 264 3.8

Marital Status Single 5997 86.6
Married 539 7.8

Separated/ Divorced/ Widowed 176 2.5

Missing 214 3.1

Payor Private Insurance 1344 19.4
Medicaid 3304 47.7

Medicare 229 3.3

Self-Pay/Charity 2049 29.6

Type of Event Accident 1428 20.6
Assault 4698 67.8

Legal Intervention 87 1.3

Self-Inflicted 281 4.1
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Frequency Percent

Unspecified 432 6.2

Weapon Used Handgun 1904 27.5
Shotgun 256 3.7

Hunting Rifle 43 6

Military Firearm 5 1

Unspecified 4718 68.1

Injury Severity Score No injury to Low (0-8) 3035 43.8
Medium (9-14) 2205 31.8

High (15 and above) 1686 24.3

Diagnoses Injury to leg 1454 21.0
Injury to lung 1099 15.9

Injury to Arm 743 10.7

Injury to chest 693 10.0

Injury to back 617 8.9

Injury to bowel 589 8.5

Injury to the Abdomen 582 8.4

Injury to liver or spleen 503 7.3

Injury to retroperitoneum 339 4.9

Paraplegia 127 1.8

Substance Use Tobacco Use 1710 24.7
Substance Use 1080 15.6

Alcohol Use 637 9.2

Procedures Blood Transfusion 1393 20.1
Mechanical Ventilation 1377 19.9

Wound Care 1044 151

Central Venous Catheter 849 12.3

Chest Tube Placement 842 12.2

Antibiotics 409 5.9

Small Bowel Resection 326 4.7

Enteral Nutrition 263 3.8

CPR 193 2.8

Fasciotomy 170 2.5

Total Parenteral Nutrition 131 1.9

Mean SD Median IQR Minimum Maximum

Age 29 12 25 13 1 95
ISS 11 12 9 13 0 99
Hospital Length of Stay 6 10 2 6 0 161
Cost $25,019  $53,916 $9,676  $21,372 $15 $2,157,227
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Figure 4.1.. Annual FI hospitalizations and total annual Hospital Costs, 2005-2014 (n=6926)
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Figure 4.2. Annual Fatal and Non-Fatal Firearm Injury Hospitalizations, 2005-2014
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Annual Firearm Injury Hospitalizations by Intent

100%

— — _— —
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

M Assault W Accident ® Legal Intervention Unspecified  ® Self-Inflicted

Figure 4.3. Intent by the total number of FI hospitalizations, 2005-2014
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Figure 4.4. Weapon Used in FI Hospitalization, 2005-2014
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Figure 4.5. Number of FI Hospitalizations by Age and Race
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Figure 4.6. Average FI Hospitalizations by Month, 2005-2014
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Table 4.2 Top 10 Maryland Cities of Residents with FI Hospitalizations, 2005-2014 (n=6926 )

City Frequency Percent
Baltimore MD 3729 54
Hyattsville MD 225 3
Brooklyn MD 180 3
Capitol Heights MD 162 2
Gwynn Oak MD 148 2
District Heights MD 95 1
Salisbury MD 90 1
Upper Marlboro MD 86 1
Windsor Mill MD 84 1
Silver Spring MD 77 1

Table 4.3 Number of FI Hospitalizations by Resident’s County, 2005-2014 (n=6926 )

County Frequency Percent
Baltimore city 3891 56.18
Prince George's County 1014 14.64
Baltimore County 779 11.25
Anne Arundel County 290 4.19
Montgomery County 160 231
Harford County 113 1.63
Wicomico County 109 1.57
Frederick County 84 121
Howard County 84 121
Charles County 61 0.88
Washington County 56 0.81
Carroll County 46 0.66
Dorchester County 41 0.59
Cecil County 27 0.39
Allegany County 23 0.33
Worcester County 23 0.33
St. Mary's County 22 0.32
Somerset County 20 0.29
Talbot County 19 0.27
Calvert County 18 0.26
Kent County 16 0.23
Caroline County 15 0.22
Queen Anne's County 13 0.19
Garrett County 2 0.03
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Firearm Injury Hospitalizations by Maryland County
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Figure 4.7. Percentage of Total FI Hospitalizations for Top 3 Maryland Counties

4.2. Recidivism

Using birthdate, gender, race and zip code, the 6926 hospital admissions
between 2005-2014 were linked and represented 6,544 unique individuals. Of those
individuals, 616 (9%) individuals died on their initial FI hospitalization, leaving 5,928
individuals at risk for recidivism. Of the 5,928 remaining individuals who have had at
least one FI hospitalizations, 173 (3%) experienced recidivism of which 21 (12%) of
those individuals died in the hospitalization for any of the subsequent FI. This number
may be low given left truncation in 2005 and 2006 as well as right censored in 2013 and
2014 given the median time between index and the subsequent FI hospitalizations is
507 days. The peak age for recidivists at their initial FI hospitalization is 17 and the age

of their recidivism FI hospitalization peaks at age 19 (Figure 4.8).
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Figure 4.8. Frequency of Recidivists by age at Index and Recidivism FI (n=173)

Table 4.4 compares the characteristics of non-recidivists to recidivists. Recall
that those experiencing a FI in Maryland are primarily Black males. A significantly
greater proportion of recidivists are Black (98%, x* =25.5, p<.001) and male (97%, %
=6.9, p<.01). Recidivists are significantly younger at their index FI hospitalization
with a mean age of 25 years compared to non-recidivists at 28, (t=3.55, p<.001) at the
time of their index hospitalization. There are significantly more unspecified intents in
the recidivist index hospitalization than those for with a single FI hospitalization. There
were also significant differences in the personal disadvantage, working disadvantage,

and poverty factors between recidivists and non-recidivists.
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To examine the independent effect of demographic, injury and social determinants of
health on the likelihood of recidivism, bivariate and multivariate logistic regressions
were modelled. These models were generally poor with low Cox and Snell R square
and Nagelkerke R square. Generalized linear mixed models were attempted to account
for the nesting of patients within zip codes (also the level of the social determinants of
health); however, the hessian matrix was not positive definite in the null or subsequent
models likely reflecting limited variation in random effects. Generalized estimating
equations were performed to account for the nesting of individuals within zip codes
providing population-based estimates. The original single factor “Disadvantaged” was
used as the social determinant of health in these models. As these models were poor
due to small cell sizes, the bivariate relationships were examined (Table 4.5).
Significant predictive relationships of the likelihood of recidivism within the population
include being male, black, self-pay, age, and the racial makeup of the zip code. Blacks
were 7 times more likely to be recidivists than Whites and those with payor status of
self-pay/ charity are 65% more likely to be recidivists than those with private insurance.

Females were 68% less likely to be recidivists than males.
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Table 4.5 Unadjusted Bivariate Generalized Estimating Equations of likelihood of Recidivism (n=5928)

B SE Exp(B) Low Cl HighCl
Individual Female v. Male -1.14 ’ 0.55 0.32 0.11 0.94
Other v. White 0.06 1.16 1.06 0.11 10.27
Black v. White 213 059 838 263  26.6
Divorced v. Married -0.42 0.55 0.65 0.22 1.92
Single v. Married 0.43 0.32 1.53 0.82 2.85
Self-Pay v. Private Insurance 0.50 ’ 0.22 1.65 1.08 2.54
Medicaid v. Private Insurance 0.55 0.47 1.74 0.69 4.36
Medicare v. Private Insurance 0.39 0.22 1.48 0.96 2.29
Alcohol Use -0.41 0.28 0.66 0.38 1.14
Drug Use -0.15 0.20 0.86 0.58 1.28
Tobacco Use -0.35 0.19 0.71 0.49 1.03
Age 003 00l 097 096 099
Social -
Determinants of
Heath Disadvantaged 0.50 0.07 1.65 1.43 191
Percent Black 041 008 151 128 178

* p<.05, **p<.01, ***p<.001

To further explore the likelihood of recidivism, a conditional logistic regression
model was developed with age. This model used 159 (n = 318) matched pairs of
recidivists and non-recidivist by race, gender, payor, and zip code. The pairs do not
differ on any characteristic except tobacco use and age (Table 4.6). Recidivists have a
significantly smaller proportion of tobacco use than do non-recidivists. The pairs differ
in age (t = 3.8, df = 291, p<.001) with recidivists having a mean age of 25 years at their
initial FI hospitalization and for non-recidivists the mean age was 29 years.

The conditional model for age is significant (y? = 15.3, df = 1, p<.001) with age
at initial FI hospitalization having an odds ratio of .95 at a mean age of 27 at having
recidivism. So, for every year of age below 27, the odds of recidivism increase by 5%;

therefore a 16-year-old has 55% greater odds than a 27-year-old. (Table 4.7)
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As FI hospitalizations primarily effect Black males, a rate of FI hospitalizations
was created using the total number of Black males in Maryland zip codes as explained
in chapter 3. The top 20 resident zip code rates of FI hospitalizations for Black males
are found in Table 4.8. A zip code in Salisbury has the highest rate at 71, due to a small
denominator. Baltimore City makes up the majority (13 out of 20) of the top twenty zip
code rates. The FI hospitalization rates for Black males were mapped with 1 dot
equaling 1 FI hospitalization per 1000 Black males per zip code joined with Baltimore
City and Maryland counties to show the variation of rates within the state (Figures 4.9

& 4.10).

Table 4.8. Top 20 Zip Codes for FI Hospitalization Rates of Black Males.

Zip Location FI Rate for Black Males (per 1000)
21802  Salisbury MD Wicomico County 714
21201 Baltimore MD Baltimore city 38.7
21205 Baltimore MD Baltimore city 29.6
21223 Baltimore MD Baltimore city 28.0
21840 Nanticoke MD Wicomico County 26.3
21217 Baltimore MD Baltimore city 25.2
21225 Brooklyn MD Baltimore city 23.6
21213 Baltimore MD Baltimore city 23.2
21216 Baltimore MD Baltimore city 224
20609 Avenue MD St. Mary's County 22.2
21230 Baltimore MD Baltimore city 21.3
21218 Baltimore MD Baltimore city 18.7
21229 Baltimore MD Baltimore city 18.5
21224  Baltimore MD Baltimore city 17.8
21215 Baltimore MD Baltimore city 16.9
21631 East New Market MD Dorchester County 16.4
21202 Baltimore MD Baltimore city 15.8
20658 Marbury MD Charles County 155
21231 Baltimore MD Baltimore city 154
20777 Highland MD Howard County 12.8
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Figure 4.9 Rates of FI Hospitalizations of Black Males for Baltimore City, 2005-2014
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The density map shows clustering of FI hospitalization rates for Black males in and
around Baltimore City and Prince George’s County, a suburb of the District of
Columbia and relatively no FI hospitalizations for Western Maryland.

The relationships of the social determinants of health on the frequency of FI
hospitalizations of Black males for each zip code (n=457) were modeled using a single
level negative binomial generalized linear model (Table 4.9). The pseudo R? was
calculated as 0.45. Each the 3 latent factors, Personal Disadvantaged, Working
Disadvantaged, and Poverty were significant predictors of the frequency of FI
hospitalizations of Black males by the individual’s zip code of residence. The Personal
Disadvantaged factor has an incidence rate ratio (IRR) of 1.13, the Working
Disadvantaged factor of 1.04, and the Poverty factor of .97. So, for every point increase
in the Personal Disadvantaged factor greater than 20, the rate of FI hospitalizations
increases by 13%, a 1-point increase in the Working Disadvantaged factor greater than
17 increases the rate by 4%, and a 1-point increase in the Poverty factor greater than 11
reduces FI hospitalizations by 3%. There were no significant interactions between the

factors at predicting FI hospitalization for Black males.

Table 4.9. Relationship of Social Determinants of Health on Frequency of FI Hospitalizations
in Black Males, 2005-2014, n=457

95% ClI
Parameter B SE  Exp(B) Lower Upper
Intercept 218" 47 A1 .08 16
Personal Disadvantage 0137 o1 1.13 1.12 1.15
Working Disadvantage 0047 o1 1.04 1.02 1.07
Poverty 0047 o1 96 94 99

R? = 45; * p<.05, **p<.01, ***p<.001
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4.3. Hospital Costs

Annual summed hospital costs totaled between $12.7 and $23 million for the
state of Maryland. The characteristics for the cost analysis of 542 FI hospitalizations
from 516 individuals in 2013 (Table 4.10) were primarily young (median = 27), single
(85%) Black (81%), males (90%) with Medicaid (46%) because of an assault (72%).
The 26 (5%) duplicate admissions were from transfers to a higher level of care (7,
27%), readmission (11, 42%) and recidivism (6, 23%). In 2013, FI hospitalizations
totaled $14 million in hospital costs, of which 25% (129) of the 516 individuals
accounted for over $10 million.

The most common injury reported was related to the leg (24%). Mechanical
ventilation was needed by 22%, while 19% needed blood transfusion. The chest was
injured in 11% of patients and 11% needed chest tube insertion. Substance use was
prevalent with 16% having a diagnosis code related to drug use and 7% with alcohol
use. Mean hospital costs adjusted from total charges was $27,085 ($56,901) with

median hospital costs at $11,389 and ranged from $765 to $964,148.
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Table 4.10. Demographics for 2013 FI Hospitalizations.

(n=519) Continued to the top of page 58

Frequency Percent

Sex Male 465 90
Female 51 10

Race Black 420 81
White 81 16

Other 15 3

Marital Status Single 440 85
Married 42 8

Separated/ Divorced/ Widowed 19 4

Missing 15 3

Payer Medicare 18 4
Medicaid 241 47

Private 93 18

Self-Pay/ Charity 164 32

Intent of Firearm Injury  Accident 67 13
Assault 375 73

Legal Intervention 9 2

Unspecified 36 7

Self-Inflicted 29 6

Weapon Handgun 177 34
Shotgun 22 4

Hunting Rifle 5 1

Unspecified 312 61

Injury Severity Low (0-8) 213 41
Medium (9-14) 159 31

High (15 and above) 144 28

Injury Type Leg Injury 125 24
Lung Injury 83 16

Arm Injury 63 12

Chest Injury 56 11

Bowel Injury 49 10

Liver or Spleen Injury 42 8

Back Injury 41 8

Abdominal Injury 35 7

Retroperitoneal Injury 26 5

Paraplegia 8 2

Procedures Mechanical Ventilation 113 22
Blood Transfusion 99 19

Intubated 87 17

Wound Care 84 16

Chest Tube Insertion 58 11

Central VVenous Catheter 57 11

Antibiotics 26 5



Frequency Percent

Small Bowel Resection 23 5

CPR 19 4

Fasciotomy 13 3

Total Parenteral Nutrition 8 2

Enteral Nutrition 6 1

Substance Use Tobacco Use 129 25
Drug Use 82 16

Alcohol Use 37 7

Mean SD  Median IQR  Minimum Maximum

Hospital Cost $27,085 $56,901 $11,389 $24,398 $765  $964,148
Age 30 12 27 12 4 95
Hospital LOS 5 9 2 5 0 119

The results of bivariate regression of predictors and hospital costs using both
linear regression with log transformed costs and the generalized linear model with a
gamma distribution are presented in table 4.11. The linear regression models provide
an R? for the explanatory effect of the predictor. The results of both models were
similar. The hospital costs did not have to be transformed with the gamma distribution,
so the marginal mean hospital costs for those with and without a characteristic are
provided. Significant predictors of increased costs were abdominal injury, bowel
injury, chest injury, liver or splenic injury, lung injury, retroperitoneal injury,
mechanical ventilation, small bowel resection, chest tube insertion, total parenteral
nutrition (TPN), fasciotomy, and enteral nutrition. For example, TPN in the linear
regression model had an R?=.04, indicating it explains 4% of the variation in hospital
costs, while the gamma distribution model provides coefficient of e1-62 indicating it
increased hospital costs 5 times ($129,076) the mean costs for those without TPN
($25,479). A liver or splenic injury has an R?=.11, and the gamma distribution had a
coefficient of e'12> indicating it increases hospital costs 3.5 times ($78,618) the mean

of someone without a liver or splenic injury ($22,519).
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The multivariate analysis (Table 4.12) of the log transformed hospital costs
models with an adjusted R?=.46, F=19, df=23, p<.001. Significant predictors of the log
of costs include being self-pay/ charitable, having medium or high ISS, a bowel injury,
liver or spleen injury, having a blood transfusion, being on mechanical ventilation,
having antibiotics, total parenteral nutrition, having a fasciotomy or needing wound
care. These predictors are also significant in the generalized linear model (GLM) with
gamma distribution. In this multivariate model, holding all other factors constant, the
individual with a bowel injury is likely to have hospital costs that are 2.34 times
($604,737) that of someone without ($258,454), as does having a liver or spleen injury
at 2.15 times ($579,963) that of someone without ($269,494). Being mechanically
ventilated is also likely to double the costs at 2.29 ($598,705). Having a transfusion is
likely to increase hospital costs by 47%, as does the need for wound care at 49%. The
individual needing total parenteral nutrition (TPN) is likely to increase hospital costs by

3.38 times ($827,717) and a fasciotomy at 2.88 times ($778,923).

Table 4.11. Bivariate Regression Models of Hospital Cost (n=516) Continued to the top of page 60-61

OLs GLM with Gamma Distribution
Adjusted Estimated

Coefficient SE Lower Upper R?> Coefficient SE Lower Upper Mean
Age 0 0.004 -0.009 0.008 0.00 -0.01 0.00 -002 000
Female -0.13 0.14 -049 023 0.00 -0.14 0.17 -020 048 $23823.63
Male Ref. Ref $2744321
Other -0.19 035 -088 049 0.00 -0.42 033 -1.06 023 $17400.60
Black -0.09 0.15 -038 0.21 0.04 0.14 -024 032 $27559.38
White Ref Ref $26421.63
Self-Pay/Charity -0.63 ” 0.16 -093 -032 0.06 -0.89 - 015 -1.18 -0.60 $15516.32
Medicare -0.10 031 -0.71 0.50 -0.66 ’ 029 -123 -0.09 $19524.06
Medicaid 0.10 0.15 -0.19 0.39 -0.19 0.14 -0457 0.087 $31396.63
Private Insurance Ref Ref $37778.51
Separated/
Divorced -0.37 034 -105 031 0.00 -0.46 032 -1.09 0.18 $18680.05
Single 0.00 0.20 -0.40 0.39 -0.06 0.19 -043 031 $27710.92
Married Ref Ref $29454.79
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High ISS
Medum ISS
Low ISS
Abdomen
No Abdomen
Arm

No Arm
Back

No Back
Bowel

No Bowel
Chest

No Chest
Leg

No Leg

Liver or Spleen
No Liver or
Spleen

Lung
No Lung
Para

No Para

Retroperitoneal
No
Retroperitoneal

PREBC

No PRBC

MV

No MV

cve

No CVC

Sm. B. Res

No Sm. B Res..
Chest tube

No Chest Tube
Antibiotics

No Antibiotics
TPN

No TPN
Fasciotomy
No Fasciotomy

Enteral Nutrition
No Enteral
Nutrition
Wound Care

No Wound Care

1.13
0.88
Ref
0.04
Ref
-0.36
Ref
-0.16
Ref
146
Ref
0.67
Ref
-0.18
Ref
1.49

Ref
0.54
Ref
0.10
Ref
1.21

Ref
1.11
Ref
1.00
Ref
0.20
Ref
1.57
Ref
0.64
Ref
0.97
Ref
2.14
Ref
1.59
Ref
1.38

Ref
037
Ref

0.12
0.12

0.22

0.17

0.20

0.17

0.18

0.13

0.19

0.15

0.44

0.24

0.13

0.13

0.174

0.26

0.17

0.25

043

0.34

0.51

0.15

0.89
0.65

-0.39

-0.68

-0.56

0.33

-0.43

1.12

-0.77

0.73

0.85

0.08

1.37
1.12

0.46

1.01

0.07

1.86

0.83

0.96

1.68

0.98

1.45

0.66

0.00

0.01

0.00

0.03

0.00

0.11

0.02

0.00

0.04

0.12

0.00

0.07

0.03

0.03

0.04

0.04

0.01

0.01

0.90

Ref
0.64
Ref
-0.28
Ref
-0.08
Ref
1.17
Ref
0.56
Ref
-0.29
Ref
1.25

Ref
0.83
Ref
-0.59
Ref
0.78

Ref
0.68
Ref
1.21
Ref
0.15
Ref
1.05
Ref
0.38
Ref
0.36
Ref
1.62
Ref
0.95
Ref
0.98

Ref
0.09
Ref

®E

®E

*E

*E

0.16

0.19

0.48

0.14

0.69

0.24

-0.59

-0.45

0.84

0.24

-0.53

0.90

0.56

-1.41

0.32

0.43

0.98

-0.18

10.03

0.06

-0.10

0.82

0.31

0.04

-0.19

0.03

0.30

0.89

-0.06

0.94

1.43

0.47

10.23

0.70

0.83

243

0.36

$47363.89
$19234.75

$48514.41
$25526.78
$21023.84
$27928 47
$25230.24
$27245.60
$72168.29
$22355.15
$44007.82
$25025.35
$21559.89
$28851.95
$78618.43

$22519.25
$51223.70
$22458.50
$15105.25
$27274.13
$55788.77

$25562.43
$45143.03
$22798.41
$59862.23
$17894.96
$30819.91
$26621.71
$71328.17
$25007.41
$37617.14
$25751.76
$38123.00
$26499.80
$129076.13
$25479.31
$67226.08
$26048.03
$70733.00

$26571.96
$29106.71
$26692 .44
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ISS, Injury Severity Score; Para, Paraplegia; PRBC, Packed Red Blood Cells; MV, Mechanical Ventilation; CVC, Central
Venous Catheter; Sm B Res, Small Bowel Resection; TPN, Total Parenteral Nutrition;
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CHAPTER 5: DISCUSSION

This chapter includes the findings, limitations, implications, future research and
conclusions.
5.1 Findings

Like national trends®?12, this study found a disparity in FI hospitalizations of
Marylanders with most occurring in young Black males because of an assault, which
primarily seem to begin at age 14 as depicted in Figure 4.4. The mortality for those
with FI hospitalization (9%) is also like those reported for the nation between 4.7 and
14%.816.21.28 For gverall mortality, those reported by the Medical Examiner’s Office
would include those listed here, but also those FI which resulted in death which never
make it to a hospital. The 0% fatality in 2013 for Figure 4.2 is most likely a coding
error. Most of the injuries were of low severity. The most frequently occurring injury
occurs to the leg (21%) in this sample, which is the same as what is reported for chest
and abdominal injuries for the nation.?® Urban areas such as Baltimore City, Baltimore
County and the suburbs of the District in Columbia in Prince George’s County account
for over 80% of the FI hospitalizations driving hospital costs which are predominantly
paid by Medicaid (46%) or uncompensated care as self-pay/ charity (32%). Both
Baltimore City and Prince George’s County had steady declines in the percentage of FI
hospitalizations from 2006-2014. What happened during this time? FI hospitalizations
fluctuate seasonally which may impact hospital staffing, especially since they peaked in
July, which is also a popular staff vacation time and the start of physician residency

programs.
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Multilevel analysis of individual characteristics and latent variables for social
determinants of health were limited do to the lack of variability within the sample
(Appendix C). This likely resulted in over fitting and resulted in low R squares.
Although these numbers are statistically low, clinically they may provide characteristics
of individuals to target for prevention of recidivism. Age was a significant predictor of
recidivism, which can provide a target group for hospital intervention programs. The
median time of 507 days may indicate that the individuals are not retaliating, but as the
Pittsburg Youth study posit, the individuals maybe more likely to encounter violence. It
was surprising that alcohol and substance use were not associated with recidivism, but
not smoking was. The factor poverty reducing the number of FI hospitalizations in
Black males may act like Burgason’s “disadvantaged”,*® which also saw a reduced
likelihood of being injured. This may be related to public assistance providing the
needs, so that illegal means of survival aren’t needed (not likely) or they may be more
“street wise” and able to avoid victimization. The latent variables of “Personal
Disadvantage” and “Working Disadvantage” were both independently associated with
higher IRR of FI hospitalizations of Black men while controlling for each other and
“Poverty”. “Poverty” showing decreased IRR of FI hospitalizations of Black men
while controlling for “Personal Disadvantage” and “Working Disadvantage” is likely
due to Poverty being linked within both measures. Future investigations may use other
measures of “Disadvantage” such as the “Area Deprivation Index”.*?

Not surprising, the major expenses involved with hospital costs for a Fl
hospitalization are related to abdominal injuries, operative procedures and critical care

costs such as mechanical ventilation, transfusion, and TPN. These patients usually have
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prolonged hospital stays related to their need for initial damage control surgery,
resuscitation from blood loss, multiple operative procedures for intra-abdominal organ
repair with an inability to provide nutrition enterally. Interestingly, the need for a
fasciotomy increased the cost of hospital care by almost 3 times that of those without.
This may be related to a need for critical care services associated with compartment
syndrome and rhabdomyolysis with acute kidney injury requiring renal replacement.
These costs are strictly the costs of hospitals to provide care to individuals with FI and
do not include emergency medical services fees, professional fees, costs of follow-up
services, or any costs associated with rehabilitation or sub-acute care.
5.2 Implications

A single shift in an urban trauma center occurring as this document is being
written provides some context for this study. Between noon and 3pm, 5 patients, 4
males and a female, all Black, arrived due to FI. Two of these patients died due to FI to
the head. Another male arrived suffering a flesh wound because he was too close to a
victim and a bullet ricocheted off the skull of one patient and hit him. He was able to be
sent home. A male shot in the chest and a female shot in the hip were emergently taken
to the OR. This is Baltimore City’s reality. These two patients will likely have hospital
costs greater than $400,000 as they both had a medium to high ISS.

This study provides some findings to influence policy and practice related to FI.
The reasons for the disparity in FI hospitalizations in young Black males are
multifactorial including race, stereotypes, and social determinants of health. Race is a
construct in the human social paradigm that identifies a person based on a physical
characteristic and represents cultural, historical, religious, or other social characteristics.
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Although race is a social construct to identify a person, it is no less important or
powerful for being a social determinant of health when used to investigate differences
in human social structures, particularly in the United States. Specifically, regarding
violence and victimization, there is no aspect of violence and victimization that is not
affected by race.**

When examining victimization by race, Whites and Blacks experience similar
victimization rates except for those that involve a weapon, particularly a firearm.*
Findings from Zimmerman & Messner*® indicate that family background factors,
individual differences, and neighborhood characteristics vary significantly by
race/ethnicity, and that this variation contributes to the understanding of racial/ ethnic
disparities in exposure to violence. Levels of household socioeconomic status were
lower, and rates of violent peer exposure and previous violent behavior were higher,
among Blacks than Whites and that neighborhood context is a significant factor with
disproportionate amount of disadvantage falling in minority neighborhoods*® as was
found in this study in modeling FI hospitalization rates of Black men. Similarly, this
study found the Personal Disadvantage factor (female head of household with child,
Black, and non-owner occupied housing) and the Work Disadvantage factor
(unemployment, grade 12 or less, and income of $25,000 or less) were associated with
increased frequencies of FI hospitalizations in Black males. This may be a vicious
cycle, as the personal factor was associated with higher numbers of FI hospitalizations
in Black males, which could leave fewer Black males around as future father figures,
which again forces more single women to raise children and be the bread winner with
potentially inadequate parenting. A study*’ of racially and ethnically disaggregated
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arrest data from California and New York examined race and ethnic gaps in both
homicide and the violent crime index and found disparities in disadvantage, particularly
family structure and poverty, are important in driving racial and ethnic disparities in
crime. This association was also found in this study of victimization in Black males,
which were mostly the result of a crime, an assault.

Media and pop culture also play a role in perpetuating stereotypes and
differences in the social constructs of race. The mass shootings in Sandyhook, CT;
Orlando, FL, Denver, CO, Las Vegas, NV, which all involved white male perpetrators
have all sparked wide-spread support of gun control policies; however, prior to these
events numerous children and adults, mostly black and from low-income neighborhoods
were and continue to be victims of or a witness to gun violence, with very little
coverage.”® Media often focus on crime especially in which the assailant is Black and
the victim is a female or White, which perpetuates the stereotype of where Blacks are
perceived as criminally inclined and create a subjective reality where crime is simply
the cultural norm in urban areas facilitating a notion that the shooting deaths of children
or minors in urban areas are an unfortunate manifestation of that norm.*® This may be
true in Maryland, as it is frequently reported that Baltimore is one of the most
dangerous cities in the United States, although the percentage of FI hospitalizations
dramatically decreased from 2006 to 2014.

The issue of race appears not to be about skin color per se, but more about the
perceptions and stereotypes about the factors associated with being disadvantaged.
These perceptions and stereotypes impact the media and law, creating a cycle of
perpetuation on both Whites and Blacks. In order to impact the disparities in violence
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between Blacks and Whites, the social determinants of health must be considered as
indicated in Sampson’s model of context.

Violence, including FI, in America’s cities is a multifaceted crisis that will
require multifaceted interventions with short term goals of interrupting ongoing
violence and long-term goals of preventing future violence. Urban areas in Maryland
are no different. Violence intervention programs have shown significant associations
with reduced potential for recidivism in both violent injury and commitment of crime.
These studies have been limited to urban areas in associated trauma centers, thus may
not be generalizable to suburban or rural areas.**>® These studies are limited by sample
size and loss to follow-up. Many patients were excluded from studies as they lived
outside of referral service areas.

In a multivariate analysis® of 51,487 patients to determine the type of facility
(trauma center vs. nontrauma center) where injured youth (aged 15-24 years) presented
for assessment after intentional injury, those with injuries due to blunt objects {odds
ratio [OR], 1.51 [95% confidence interval (Cl): 1.39 — 1.65]}, stab wounds [OR, 1.62
(95% CI: 1.50 — 1.75)] or firearm [OR, 4.18 (95% CI: 3.21 —5.45)] were more likely to
be treated at trauma centers than those injured by bodily force. Eighty percent (80%) of
youth injured by violence were treated at nontrauma centers. The researchers
concluded that violence prevention programs should be implemented and evaluated in
nontrauma centers as secondary prevention initiatives, while those programs at trauma
centers focus on tertiary prevention initiatives.

Given that those with FI are overwhelmingly the result of violence (68% related
to assault) and are seen in hospitals, hospital-based violence intervention programs
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make sense. The National Network of Hospital-based Violence Intervention
Programs’®® mission is to strengthen existing hospital-based violence intervention
programs and help develop similar programs in communities across the country.
Current membership includes 28 programs with 8 emerging programs. They currently
offer services, for a fee, to organizations engaged in developing a violence intervention
program (Appendix D).

The Health Belief Model®® (HBM) has been used to describe and predict health
behaviors in injury prevention. Any health-related message is a function of the degree
to which the individual feels vulnerable to the health outcome, the severity of the
consequences, the benefits associated with behavior change, and self-efficacy to
change. Given this framework, Johnson et al*® sought to determine if the emergency
department setting was appropriate for a “teachable moment” by creating a “teachable
moment index” using factor analysis with 6 questions related to the HBM. They found
that the emergency department may be an important place, and injuries may be an
important context, for increasing youths’ and parents’ perceived ability to prevent future
assault injuries and violence. As well as the teachable moment, assessment of injured
individuals and their families for the potential for retaliation®®, which could lead to re-
injury or committing a violent crime, should be conducted prior to discharge and
included in any intervention program. Retaliation was an operational definition for
recidivism in this study; however, given the median length of time to recidivism of 507
days, may not be a cause of FI hospitalizations.

There are challenges to overcome in implementing hospital-based violence
intervention programs, such as knowledge deficit of caregivers. In a survey®’ of
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members of the American College of Physicians, 85% of respondents believe firearm
injury to be a public health issue and 71% believe it to be a bigger problem today than a
decade ago. Fifty-eight percent of the respondents also reported that they had never
asked patients if they had a gun in their homes. Healthcare providers may have
confusion®® regarding their ability to ask about firearms due to state laws and
amendments to the Affordable Care Act. Laws restricting the healthcare practitioner’s
ability to discuss firearms with patients have been declared unconstitutional and
blocked from enforcement.

They may also be conflicted about what to do if a patient screens positive for
being at risk for violence. Prevention training has been developed for healthcare
providers by the American Medical Association®®, Emergency Nurses Association®,
Massachusetts Medical Society®!, and the National Training Initiative on Injury and
Violence®2. These programs are intended to facilitate changes in individual and cultural
awareness and foster prevention of violence.

Hospital-based violence intervention programs have shown some effectiveness
in preventing recidivism of both re-injury and commitment of violence. Programs are
available to train healthcare professionals. A larger study of these programs is
warranted to determine their effect on a larger scale. As FI continues to burden the
healthcare system and society, programs that reduce their numbers are beneficial. This
study found an association between age and recidivism. As the majority of FI
hospitalizations are of young Black males, this population should be targeted. For

prevention of FI hospitalizations, youth who are younger than 13 years of age and not
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experienced a FI should have intervention as well as anyone who has a FlI
hospitalization who is as young as age 15 to prevent recidivism.

Larger community prevention programs should be supported as standard models
of policing by enforcing the law in a general reactive way have shown limited
effectiveness in reducing crime %, The results of this study can be used to target high
risk neighborhoods or zip codes. The Cure Violence Model provides a framework for a
multifaceted intervention to interrupt current levels of violence within neighborhoods.

The Cure Violence Model relies on direct interruption of transmission,
identifying and changing the thinking of potential transmitters and changing group
norms regarding violence ®. The intervention of the model involves the coordination of
many intricate processes. Coordination of a response with simultaneous efforts of the
criminal justice system and specific members within the community are deployed to
interrupt the occurrence of violence within the neighborhoods. The criminal justice
system disrupts gang activity through drug seizures, serving warrants, making arrests,
stiffer plea bargains, etc. Meanwhile, hired rehabilitated community workers
specifically recruited based on their background (e.g. reputation, violent history, victim
of a shooting, gang involvement, etc.) focus attention on interrupting those involved in
violence and provide alternatives to conflict, violence interrupters. Outreach workers
are also deployed to change social norms focusing attention on connecting those
involved with violence to other more positive resources, such as employment and
housing.%*

This model has been deployed and studied in eleven US cities including Boston,
Newark, Honolulu, Los Angeles, Chicago, and Baltimore. Although the studies were
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not randomized controlled trial and were quasi-experimental in design, an overall
positive effect was seen in a recently published meta-analysis ®. The overall estimated
effect size was 0.60, representing a slightly larger than medium effect.

One study % by using focus groups of violence interrupters and outreach
workers examined how the programs prevent imminent violence. They emphasized the
importance of being in the community to identify unusual patterns, one individual is
quoted “Sometimes you just can look at the guys and know. You can feel the tension.”
when identifying a need for intervention. ® To be effective they describe needing to
first gain the trust of the individuals, “Yo, this is Safe Streets, we don't work with the
police, ain't no snitching stuff” ®®. For immediate mediation they use many tools
including agreements, buying time, personal consequences, third parties, etc. They
report the most difficult mediations are those where violence is to be used for retaliation
for a prior homicide or large amounts of money were involved.

This model has effects at all levels of the Social-Ecological model including the
individual, relationship, community, and societal and is in the CDC’s Developing and
Testing Prevention Strategies of the Public Health Approach to Violence Prevention.%
Although it may not be possible to study using randomized controlled methods, the
successes are promising and require further study and support in pragmatic trials. A sub
analysis of data from this study could be completed to test the effects of Safe Streets
Baltimore on FI hospitalizations.

In an interview with Baltimore City Mayor Pugh in December 2017,%” $10
million was sought from philanthropic funds to expand Safe Streets Baltimore from 4
neighborhoods to 11. Given that more than $10 million in hospital cost have occurred
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every year between 2005 and 2014, with almost 50% of these attributed to Medicaid
and 29.6% as self-pay/ charity, the limitation of Federal funding of FI research must
end. To impact Fl reductions, large scale studies of violence and its prevention are
needed. For instance, the money needed to cover the hospital costs of 25% of the
patients for a single year (2013) would have covered the funds needed to expand the
Safe Streets prevention program. This would be money well spent that could reduce
future FI hospitalizations and not just the financial costs, but also the physical and
emotional costs of victims, their families as well as the impact to those who work to
save their lives.
5.3 Limitations

This study has several limitations. This is a study of FI hospitalizations only. It
does not include any case or information from emergency medical services or the
medical examiner as there is no way to link those data. The study may have sample
bias as it uses a convenience sample and only examines FI hospitalizations and does not
include any FI that may have been untreated or died at the scene. The data set was
unidentified, so some FI hospitalizations could be misclassified based on the
assumption that the individual remained in the same zip code for 10 years. There was
also no variable which explicitly identified recidivism, so the prevalence of recidivism
may be more or less than 3%; however, is plausible given that a prevalence of
recidivism was 2% in the Shock Trauma data. The effects of the social determinants on
recidivism were limited due to too little variation in the neighborhood level SDOH
context of occurrence of recidivism and is limited to overall FI rates of Black males.
Zip code is also a poor representation of neighborhood®® and may not represent the
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social determinants of health for the individuals within the neighborhood. The costs are
limited to the costs of hospitals to care for these patients and does not include the
emotional costs to the victims and their families nor does it account for the compassion
fatigue and burnout hospital staff may incur. As the majority of these hospitalizations
are from urban areas effecting mostly Black males, they may not be generalizable to
other populations.

5.4. Future Research

Future research should include more granular characterization of FI through a
joined registry of sorts to include crime, health, and vital statistics data. The prevalence
and incidence of recidivism should continue to be evaluated using a marker for an index
case vs. a recidivism case. Other measures of cost should be included in all FI research
to inform policy makers about how money is spent. Large scale studies of intervention
programs are needed to determine what community factors influence their success or
failure. FI research is limited to piecing together data from various government
agencies as there is no one data source. This database should include data on
perpetrators of Fl, the FI itself, and the victims of FI as well as an identifier to link
events over time. Given that the weapon used was unspecified in 68% of the records,
better sources of data are needed than relying on ICD codes.

In conclusion, Fl is a disease affecting primarily young Black males in
Maryland, mostly from Baltimore City. To fully understand the disease a registry
linking hospitalizations, deaths, and crime data is needed. Funding of intervention
programs like hospital-based programs and community programs is more important as
the number of firearm related crimes have increased since 2014 (figure 1.1), which may
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indicate that more government and hospital money is being spent to treat the disease

than to prevent it.
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APPENDIX A: Institutional Review Board Approval

University of Maryland. Baltimore
Institutional Review Board (IRB)
Phone: (410) 706-5037

Fax: (410) 706-4189

Email: hrpo(@umaryland.edu

APPROVAL OF RESEARCH NOTIFICATION

Date: December 9, 2016

To: Mary Johantgen

RE: HP-00071774

Type of Submission: Initial Review
Type of IRB Review: Expedited

Approval for this project is valid from 12/8/2016 to 12/7/2017

This 1s to certify that the University of Maryland, Baltimore (UMB) Institutional Review Board (IRB) approved the
above referenced protocol entitled, “Firearm Injuries in Maryland, 2006-2015: Trends and Recidivism”.

The IRB has determined that this protocol qualifies for expedited review pursuant to Federal regulations 45 CFR
46.110. 21 CFR 56.110. & 38 CRF 16.110 category(ies):

(5) - Research involving materials (data. documents. records, or specimens) that have been collected for any
purpose. or will be collected solely for non-research purposes.

The TRB made the following determinations regarding this submission:

- Subpart D Determination for research involving children: 45 CFR 46.404/21CFR 50.51.

- A waiver of consent has been approved per 45 CFR 46.116(d).

- A waiver of parental permission has been approved per 45 CFR 46.116(d).

- A waiver of assent has been approved per 45 CFR 46.116(d) / 21 CFR 50.55(d).

- A waiver of HIPAA authorization for release of the PHI identified in the CICERO application has been reviewed
and approved for this research study.

Below is a list of the documents attached to your application that have been approved:
Eligibility Checklist for HP-00071774 v9-10-2016-1473560918306

References for Literature Review

Variable List.docx

In conducting this research you are required to follow the requirements listed in the INVESTIGATOR MANUAL.
Investigators are reminded that the IRB must be notified of any changes in the study. In addition, the PIis
responsible for ensuring prompt reporting to the IRB of proposed changes in a research activity, and for ensuring
that such changes in approved research. during the period for which IRB approval has already been given, may not
be initiated without IRB review and approval except when necessary to eliminate apparent immediate hazards to the
subject (45 CFR 46.103(4)(ii1)). The PI must also inform the IRB of any new and significant information that may
impact a research participants' safety or willingness to continue in the study and any unanticipated problems
involving risks to participants or others.
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DHHS regulations at 45 CFR 46.109 (e) require that continuing review of research be conducted by the IRB at
intervals appropriate to the degree of risk and not less than once per year. The regulations make no provision for
any grace period extending the conduct of the research beyond 12/7/2017. You will receive continuing review
email reminder notices prior to this date: however, it 1s your responsibility to submit your continuing review report
in a timely manner to allow adequate time for substantive and meaningful IRB review and assure that this study is
not conducted beyond 12/7/2017. Investigators should submit continuing review reports in the electronic system at
least six weeks prior to this date.

Research activity m which the VA Maryland Healthcare System (VAMICS) is a recruitment site or in which VA
resources (1.e., space, equipment, personnel, funding, data) are otherwise involved, must also be approved by the
VAMHCS Research and Development Committee prior to initiation at the VAMHCS. Contact the VA Research
Office at 410-605-7000 ext. 6568 for assistance.

The UMB IRB is organized and operated according to guidelines of the International Council on Harmonization, the
United States Office for Human Research Protections and the United States Code of Federal Regulations and
operates under Federal Wide Assurance No. FWA(00007145.

If you have any questions about this review or questions, concerns, and/or suggestions regarding the Human
Research Protection Program (HRPP), please do not hesitate to contact the Human Research Protections Office
(HRPO) at (410) 706-5037 or HRPO(@umaryland.edu.




University of Maryland, Baltimore
Institutional Review Board (IRB)
Phone: (410) 706-5037

Fax: (410) 706-4189

Email: hrpo@umaryland.edu

APPROVAL OF RESEARCH NOTIFICATION

Date: March 13, 2017

To: Mary Johantgen

RE: HM-HP-00071774-2

Protocol Version and ID #: N/A
Type of Submission: Modification
Type of IRB Review: Expedited
Modification request dated: 3/8/2017

Modification Approval Date: 3/13/2017
Approval for this project is valid until 12/7/2017

This is to certify that the University of Maryland, Baltimore (UMB) Institutional Review Board (IRB) approved the
above referenced modification request for the protocol entitled, “Firearm Injuries in Maryland, 2006-2015. Trends
and Recidivism”.

The IRB approved this modification via expedited review pursuant to Federal regulations 45 CFR 46.110(b)(2)/21
CFR 56.110(b)(2).

The IRB made the following determinations regarding this submission:

- Subpart D Determination for research involving children: 45 CFR 46.404/21CFR 50.51.

- A waiver of consent has been approved per 45 CFR 46.116(d).

- A waiver of parental permission has been approved per 45 CFR 46.116(d).

- A waiver of assent has been approved per 45 CFR 46.116(d) / 21 CFR 50.55(d).

- A waiver of HIPAA authorization for release of the PHI identified in the CICERO application has been reviewed
and approved for this research study.

Below is a list of the documents attached to your application that have been approved:
Eligibility Checklist for HP-00071774 2 v3-3-2017-1488751085442

References for Literature Review

Variable List HSCRC.docx

In conducting this research you are required to follow the requirements listed in the INVESTIGATOR MANUAL.
Investigators are reminded that the IRB must be notified of any changes in the study. In addition. the PI is
responsible for ensuring prompt reporting to the IRB of proposed changes in a research activity, and for ensuring
that such changes in approved research, during the period for which IRB approval has already been given, may not
be initiated without IRB review and approval except when necessary to eliminate apparent immediate hazards to the
subject (45 CFR 46.103(4)(ii1)). The PI must also inform the IRB of any new and significant information that may
impact a research participants' safety or willingness to continue in the study and any unanticipated problems
involving risks to participants or others.

1of2

79



Research activity in which the VA Maryland Healthcare System (VAMHCS) is a recruitment site or in which VA
resources (i.e., space, equipment, personnel, funding, data) are otherwise involved, must also be approved by the
VAMHCS Research and Development Committee prior to initiation at the VAMHCS. Contact the VA Research
Office at 410-605-7000 ext. 6568 for assistance.

The UMB IRB is organized and operated according to guidelines of the International Council on Harmonization, the
United States Office for Human Research Protections and the United States Code of Federal Regulations and
operates under Federal Wide Assurance No. FWA00007145.

If you have any questions about this review or questions, concerns, and/or suggestions regarding the Human
Research Protection Program (HRPP), please do not hesitate to contact the Human Research Protections Office
(HRPO) at (410) 706-5037 or HRPO(@umaryland.edu.
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University of Maryland, Baltimore
Institutional Review Board (IRB)
Phone: (410) 706-5037

Fax:  (410) 706-4189

Email: hrpo@umaryland.edu

APPROVAL OF RESEARCH NOTIFICATION

Date: December 5. 2017

To: Mary Johantgen

RE: HCR-HP-00071774-1

Type of Submission: Continuing Review
Type of IRB Review: Expedited

Approval for this project is valid from 12/4/2017 to 12/3/2018

This is to certify that the University of Maryland, Baltimore (UMB) Institutional Review Board (IRB) approved the
continuing review report for the above referenced protocol entitled, “Firearm Injuries in Maryland, 2006-2015:
Trends and Recidivism”.

The IRB has determined that this protocol qualifies for expedited review pursuant to Federal regulations 45 CFR
46.110, 21 CFR 56.110. & 38 CRF 16.110 category(ies):

(5) - Research involving materials (data, documents, records, or specimens) that have been collected for any
purpose, or will be collected solely for non-research purposes.

45 CFR 46.404/21 CFR 50.51 - The research presents no greater than minimal 11sk to the children.

The IRB made the following determinations regarding this submission:

- Subpart D Deternination for research involving children: 45 CFR 46.404/21CFR 50.51.
- A waiver of consent has been approved per 45 CFR 46.116(d).

- A waiver of parental permission has been approved per 45 CFR 46.116(d).

- A waiver of assent has been approved per 45 CFR 46.116(d) / 21 CFR 50.55(d).

This study 1s approved to enroll 14000 local participants.
This study is approved to enroll 14000 worldwide participants.

Below is a list of the documents attached to your application that have been approved:
Eligibility Checklist for HP-00071774_2 v3-5-2017-1488751085442

References for Literature Review

Variable List HSCRC.docx

In conducting this research you are required to follow the requirements listed in the INVESTIGATOR MANUAL.
Investigators are reminded that the IRB must be notified of any changes in the study. In addition, the PI is
responsible for ensuring prompt reporting to the IRB of proposed changes in a research activity, and for ensuring
that such changes in approved research, during the period for which IRB approval has already been given, may not
be initiated without IRB review and approval except when necessary to eliminate apparent immediate hazards to the
subject (45 CFR 46.103(4)(ii1)). The PI must also inform the IRB of any new and significant information that may
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impact a research participants' safety or willingness to continue in the study and any unanticipated problems
involving risks to participants or others.

DHHS regulations at 45 CFR 46.109 (e) require that continuing review of research be conducted by the IRB at
intervals appropriate to the degree of risk and not less than once per year. The regulations make no provision for
any grace period extending the conduct of the research beyond 12/3/2018. You will receive continuing review
email reminder notices prior to this date: however, it is your responsibility to submit your continuing review report
in a timely manner to allow adequate time for substantive and meaningful IRB review and assure that this study is
not conducted beyond 12/3/2018. Investigators should submit continuing review reports in the electronic system at
least six weeks prior to this date.

Research activity in which the VA Maryland Healthcare System (VAMHCS) is a recruitment site or in which VA
resources (1.e., space, equipment, personnel, funding, data) are otherwise involved, must also be approved by the
VAMHCS Research and Development Committee prior to initiation at the VAMHCS. Contact the VA Research
Oftice at 410-605-7000 ext. 6568 for assistance.

The UMB IRB is organized and operated according to guidelines of the International Council on Harmonization, the
United States Office for Human Research Protections and the United States Code of Federal Regulations and
operates under Federal Wide Assurance No. FWA00007145.

If you have any questions about this review or questions, concerns, and/or suggestions regarding the Human
Research Protection Program (HRPP), please do not hesitate to contact the Human Research Protections Office
(HRPO) at (410) 706-5037 or HRPO@umaryland.edu.
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APPENDIX C: Multivariate Analysis of Individual Characteristics and

Disadvantage using GEE

B SE Exp(B) Low ClI High ClI
Intercept -4.26 .69 .01 .00 .05
Female -0.99 54 37 13 1.08
Male
Other -0.24 1.15 .79 .08 7.43
Black 150" .62 4.48 1.33 15.10
White
Self-Pay 0.30 23 1.35 .86 2.12
Medicaid 1107 47 2.99 1.19 7.53
Medicare 0.01 .25 1.01 .62 1.66
Private
Tobacco -0.37 20 69 A7 1.01
age -0.03" 01 97 96 99
Disadvantaged 0337 .08 1.39 1.18 1.64
Percent Black 0.11 .09 1.12 94 1.34

AUROC = .69, Cox and Snell R square =.01, Nagelkerke R square =.04

105



APPENDIX D: National Network of Hospital-based Violence Intervention

Programs Services

National Network of Hospital-based Violence Intervention N N ?V‘lj
Programs Technical Assistance Services A

# of
Item Price  Notes trainers
On site trainings:
2-day at trainer program site $3,000 2to3
3-day at trainer program site 54,100 2to3
1-day at trainee program site 52,400 plus travel & lodging 1to2
2-day at trainee program site $3,800 plus travel & lodging 2
3-day at trainee program site 54,900 plus travel & lodging 2
1 page post-visit memo S0 included 1
Pre-visit phone call & agenda prep S0 included 1
5 page post-visit program review 51,500 1
Skype/phone call trainings:
90 minute training modules (see below) 5250 each 1
Program consultations S80 per 60 minute call (first call is free)
Case conferencing 580 per 60 minute call 1
Bi-weekly phone support (for start-up,
implementation, and/or supervision) $200 per month 1
Other
Review of written program materials 580 per hour 1
Feedback on funding proposals 580 per hour 1
Long-term support to develop program TBD  Price varies, based on tasks and time

Training modules:
HVIP Model Overview - what it is, why it works, hospital-linked vs. based, etc.
Developing program goals & objectives
“Selling the program”—preparing for a presentation with key stakeholders
Identification of the focus population (assistance with data analysis)
Drafting Memoranda of Understanding with hospitals and/or service providers
Conducting a program evaluation
Hiring & training new staff
Supporting direct service staff (avoiding burnout, supporting growth)
Principles of Trauma Informed Care
Practices of Trauma Informed Care
Identification & training of a suitable nonprofit partner
Identification of funding opportunities & feedback on grant proposals
Development of documentation protocol
Setting up an electronic database (link with database consultant)
Budget development & staffing plan
Identifying & building relationships with local resources

For more information, or to schedule a training, contact:
Linnea Ashley, Training Manager at (510) 594-2588 x314 or lashley@youthalive.org
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