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. ! ELIZABETH GROOMS NESMITH 
: Health disparities in acute outcomes of life-threatening injury. 

(Under the direction of SALLY POWERS WEINRICH, PhD, RN, FMN) 

Health disparities have been documented in nearly all-leading causes of 

death. It is unknown if health disparities also exist in acute outcomes of life

threatening injury. The overall research question for this dissertation was, "Do 

health disparities exist in acute outcomes of life-threatening injury?". 

Three studies were conducted: a state of science, a validity study, and a 

descriptive study. The state of the science showed that only 4 of 352 studies 

repo'rted disparities, while 3 of 352 studies reported no disparities. The validity 

study was a retrospective chart review and showed that the instrument used to 

measure systemic inflammatory response syndrome was valid in predicting 

intensive care unit length of stay (F = 15.83) p < .0001. Caucasian race also 

predicted intensive care unit length of stay (F = 9. 7) p = .002. When combined 

with race, the systemic inflammatory response syndrome instrument explained . 

more variance (R2 = .15) in intensive care uniflength of stay than either variable 

alone (F = 7.7) p = .006. 

The descriptive study utilized the same data set from the validity study, 

and showed fewer occurrences of systemic inflammatory response syndrofDe in 

African Americans than in Caucasians (T = 9949.5) p = .04; in adults 30-44 years 

old than in adults 18-29 (T = 13,654) p = .04; and in ethyl alcohol users than in all 

other substance users (X2 = 7 .85) p = .005. There was less severity of systemic 



: inflammatory response syndrome in females than in males {T = 7,491.5) p = .03; 
I 

/ and in marijuana users than in all other substance users (T = 3, 117),P = .02 . 

. More severity of systemic inflammatory response syndrome was found among 

ethyl alcohol users than in all other substance users {T = 2,667) p = .0008. 

Results support that health disparities exist among different patient groups 

· according to race, age, sex, and substance use for systemic inflammatory 

response syndrome. More research is needed to determine if these disparities 

translate to ·increased risk for poor outcomes. _Implications for practice include 

1 increased vigilance of different patient groups- based on occurrence and severity 

of systemic inflammatory response syndrome. 

INDEX WORDS: Health Disparities, Outcomes, Injury, Trauma, Systemic 

Inflammatory Response Syndrome, Intensive Care Unit, Race. 
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CHAPTER I 

INTRODUCTION 

A. Overall objective 

The overall dissertation objective was to answer the question, "Do health 

disparities exist in acute outcomes of life-threatening injury?" 

B. Specific aims (3) 

There were three specific" aims associated with the overa!I d_issertation objective: 

Specific aim 1. 

• To identify the state of the science for health disparities in acute outcomes 

of life-threatening injury. 

Specific aim 2. 

• To determine if the instrument used to measure systemic inflammatory 

response syndrome is valid. 

Specific aim 3. 

• To determine if health disparities exist in the acute outcome of systemic 

inflammatory response syndrome following acute, life-threatening injury. 

Three concepts commonly appeared throughout the overall dissertation 

objective and specific aims in this research. They were health disparities, life

threatening injury, and acute outcomes. The acute outcome of focus was 

1 



, i 

2 

' systemic inflammatory response syndrome,. A brief introduction of these concepts 

follows. 

C. Literature review and project rationale 

Health disparities 

Health disparities have been reported in nearly all major causes of death 

and disability, including cardiovascular and cer~brovascular disease, diabetes, 

maternal and infant health, mental health, and disorders affecting immune and 

inflammatory function (Felix-Aaron et al., 2005; Institute of Medicine, 2003; 

Kristensen, Erikson, Sluiter, Starke, & Ursin, 2004; Steptoe, Owen, Kunz

Ebrecht, & Mohamed-Ali, 2002; U.S. Department of Health and Human Services 

[USDHHS], 2003). Health disparities are defined as "increasing differences in 

the incidence, prevalence, ~ortality, and burden of diseases and other adverse 

health conditions" in vulnerable versus advantaged populations (Flaskerud & 

: Nyamathi, 2002; USDHHS, 2000). Vulnerable populations are persons who are 

disadvantaged as a result of increased comparative risk for poor health 

outcomes associated with a lack of resources or marginalization because of 

demographic factors such as race, ethnicity, sex, age, or lifestyle (Flaskerud et 

al., 2002; Flaskerud & Winslow, 1998). Populations generally considered 

, vulnerable include racial and ethnic minorities, women, older adults, and persons 

whose lifestyle choices place them at increased relative risk for poor health 

outcomes (Flaskerud & Winslow,_ 1998). Substance use is one lifestyle choice 
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that places patients at increased risk for poor outcomes, such as life-threatening 

injury. 

Vulnerable populations, especially African Americans and persons who 

use substances, comprise a significant proportion of those who are at risk for life

threatening injuries (Centers for Disease Control and Prevention [CDC], 2004; 

Walsh et al., 2005). The National Institutes of Health (NIH) have made identifying 

and eliminating health disparities in vulnerable populations an important research 

priority (NIH, 2001 ). Given this directive, it is unknown if health disparities exist in 

acute outcomes of life-threatening injury. The focus of this dissertation is on 

health disparities in acute outcomes of life-threatening injury in vulnerable 

populations as compared to other patient groups. 

Life-threatening Injury 

Health disparities are an imp~rtant topic relative to life-threatening injuries, 

because life-threatening injuries are the leading cause of death in adults between 

the ages of 15 and 44 years old, and vulnerable populations comprise a 

significant proportion of persons who have life-threatening injuries (CDC, ·2006; 

Walsh et al., 2005). Because life-threatening injuries primarily affect a young 

population (ages 15-44 ), they are responsible for more years of potential life lost 

than both heart disease and cancer (Agency for Healthcare Research and 

Quality [AHRQ], 2002). In addition to the individual and family cost of life

threatening injuries, the societal cost is also significant. More than 47~ million 

days of future productivity are lost to life-threatening injury, and Americans spend 
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nearly 575 billion dollars annually on injury care (National Safety Council, 2006). 

Despite these statistics demonstrating the impact of life-threatening injuries on 

the individual, on society,. and on vulnerable populations, life-threatening injuries 

are not a common variable in health disparities research. 

Acute outcomes 

A key concept in the definition of health disparities outlined in the previous 

section was "increased burden of disease". In this dissertation, increased burden 

of disease is conceptualized as increased incidence of poor acute outcomes of 

life-threatening injury: Acute outcomes are defined as those that occur between 

admission to the Emergency Department and transfer from the Intensive Care 

Unit to the hospital medical-surgical ward or floor. Poor acute outcomes of life

threatening injury include multiple organ dysfunction and failure, infection, an~ 

sepsis, all of which have been linked to the systemic inflammatory response 

syndrome (Keel & Trentz, 2005). 

Systemic Inflammatory Response Syndrome 

Systemic inflammatory response syndrome following life-threatening injury 

is the acute outcome of focus in this dissertation. Defined as a systemic pro

inflammatory response to tissue injury, no occurrence of systemic inflammatory 

response syndrome has been associated with poor outcomes of infection and 

sepsis (Napolitano, Faist, Wichmann, & Coimbra, 1999). A mild or moderate 

systemic inflammatory response syndrome is more desired. The other extreme, 
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which is severe systemic inflammatory response syndrome, has been associated 

with the poor outcome of multiple organ failure. This outcome can be complicated 

by the addition of infection & sepsis, resulting from an over-compensated, anti

infla_mmatory response. The treatment for poor outcomes associated with the 

two extremes of systemic inflammatory response syndrome (no occurrence or 

1 

severe) is long and costly, and mortality rates haye been reported to be as high 

as 80% (Keel & Trentz, 2005). 

It is unknown if vulnerable populations have a difference in occurrence or 

severity of systemic inflammatory response syndrome. Because of this, the 

overall dissertation question was, "Do health disparities exist in acute outcomes 

of life-threatening injury?", specifically, the acute outcome of systemic 

inflammatory response syndrome. 

The sections that follow correspond to the methods used to answer this 

research question, and are represented by three manuscripts. First, an 

investigation to identify the state of the science for health disparities in acute 

outcomes of life-threatening injury was conducted. This investigation 

corresponds with specific aim 1, and is represented by the manuscript, "Racial 

disparities in acute outcomes of life threatening injury", published in the Journal 

of Nursing Scholarship. 

A second investigation was conducted to determine if the instrument used 

to measure the acute outcome of systemic inflammatory response syndrome was 

valid. This investigation corresponds with specific aim 2, and is represented by 

the manuscript, "Predictive validity of the systemic inflammatory response 
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,· 

I, 
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syndrome score for intensive care unit length ·of stay", submitted for publication 

on July 30, 2007. · 

·Finally, a third investigation was conducted to determine if health 

disparities exist in the acute outcomes of life-threatening injury by comparing 

differences in occurrence and severity of systemic inflammatory response 

syndrome among variables of race, sex, .age, and .substance use. This 

investigation corresponds to specific aim 3, and is represented by the 

manuscript, "Demographic and substance use disparities in systemic 

inflammatory response Jsyndrome following acute, life-threatening injury", to be 

submitted in January 2008. 



CHAPTER II 

RACIAL DISPARITIES IN ACUTE OUTCOMES OF 

LIFE-THREATENING INJURY 

(Specific aim 1) 

NeSmith, E. G. (2006). Racial disparities in acute outcomes of life-threatening 

injury. Journal of Nursing Scholarship, 38(3), 241-246. 

The manuscript, "Racial disparities in acute outcomes of life threatening 
. \ , 

ihjury" addresses the following: 

Specific aim 1. 

To identify the state of the science for health disparities in acute outcomes 

of life-threatening injury. 

I 

tssTRACT 

I Purpose: The purpose of this integrative review was to critically analyze 

the investigation of racial and ethnic disparities in acute outcomes of life

threatening injury in the United States (U.S.). 

Methods: A search of Medline (1966-2005) and Cl NAHL (Cumulative 

lhdex to Nursing and Allied Health Literature; 1982-2002) scientific literature 
! . 

i 

7 
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patabases was used to identify research aimed at correlating minority race and 

~thnicity to acute outcomes of life-threatening injury in the U.S. 

: Results: Although injury is the leading cause of death for adults between 

15 and 44 years old, racial and ethnic health disparities in acute outcomes of life

threatening injury are relatively unexplored. Seven of 352 (2%) studies 
i 

- correlated characteristics of race or ethnicity to acute outcomes of_life-
; 

threatening injury. The findings from these studies were mixed. Researc~ers 
i . 

from 4 studies reported significant relationships between race or ethnicity to 
! 

rcute outcomes in injury morbidity and mortality, while researchers from 3 

studies reported no significant relationships between these variables. Other 

~ariables associated with health disparities, such as income and education were 
I 
I 

tarely (income) or not (education) addressed. These results support the need for 
! ' 

more research aimed at the investigation of racial and ethnic disparities in acute 

outcomes of life-threatening injury. 

INTRODUCTION 

· i Injury is the number one killer of adults aged 15-44 and is one of the most 

rxpensive threats to health and productivity, second only to cardiac disease 

I 

[Agency for Healthcare Research and Quality. (AHRQ), 2002; Centers for 
I 

Disease Control and Prevention (CDC), 2003]. Injury affects 36 million people 
I 

~cross all races and classes, and is .responsible for nearly 40 billion dollars in 

~nnual costs (AHRQ, 2002). By the year 2020, it is predicted that injury will 

I 
i 

j 



9 

i surpass communicable disease as the leading cause of disability-adjusted-life-
i 
I 

: years around the world (Meyer, 1998). 

! Because of the large soci~tal and economic consequences of severe 

· injury, many studies have been aimed at identifying determinants of outcomes in 

· life-threatening injury. However, few studies have focused on identifying 

· disparities in these outcomes for racial and ethnic minorities. Eliminating health 

i disp~rities for minorities and other vulnerable populations is a U.S. national 

; priority [Institute of Medicine (IOM), 2003; Kelley, Moy, Stryer, Burstin, & Clancy, 

i 2005; U.S. Department of Health and Human Services (USDHHS), 2003]. 
I 

i Research that focuses·on identifying differential outcomes among populations in 

all areas of healthcare can reveal critical information about illness pathology. 

Such research will aid in providing increased opportunities for treatment and 

prevention [National Institutes of Health, (NIH), 2000]. The aim of this review 

was to determine the state of the science related to acute outcomes following 

. life-threatening injury. The focus of this review was racial and ethnic minorities 

who have been victims of life-threatening injury. Review results are documented 

and discussed, and implications for future injury outcomes research are 

presented. 

j Minorities and Injury 

Injury impacts racial and ethnic minorities at disproportionate rates (IOM, 
I , 

! 1999). In the U.S., rates of injury are higher for African-Americans (AA) and 

[American Indian/Alaskan Natives than for other members of the population (IOM, 
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19~9). Violent crime is a serious issue for AAs, with homicide rates being 

1 

highest among this population (CDC, 2003). Injuries that require hospitalization 

occur in AA males (ages <_64 years) at twice the rate of that for white males of 

, the same age range (IOM, 1999). 

Minority health disparities 

Governmental initiatives such as Healthy People 2010 and the National 

Institutes of Health Road Map make it clear that the discovery and elimination of 

· health disparities is a national priority in the U.S. (NIH, 2004; USDHHS, 2003). 

However despite these initiatives, and evidence that income and education 

variables play a part in the existence of health disparities, the gap in health care 

and outcomes between minority and non-minority populations is increasing. The 

, difference in life expectancies between AA and white males has increased by 8 

years from 1960 to 1996 (IOM, 2003). Infant mortality rates for AAs and 

American Indians are 2.5 and 1.5 times greater than those -for whites (IOM, 

2003). For nearly all-leading causes of morbidity and mortality, including 

cardiovascular disease, cancer, cerebrovascular disease, diabetes, maternal and 

infant health, mental health, and disorders of the immune system, disparities in 

health outcomes for minority populations continue to be documented (IOM, 

2003). 

Racial and ethnic disparities have also been documented in areas of 

health that have a close association with acute injury, and those that have 

potential implications for the existence of disparities in acute trauma outcomes. 
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Researchers in critical care have found that minority ra,ce is correlated with 

greater incidence and mortality from sepsis occurring from a variety of causes 

· (Martin, 2003; Felix-Aaron, 2005). Increased incidence of shock and respiratory 

failure has also been correlated with minority race (Wheat, 2000; Felix-Aaron, 

1 2005). Disparities in non-acute outcomes of injury have been linked with minority 

status in social integration, productivity, physical functioning, and general health 

following serious injury (Brown, McCauley, Levin, Contant, & Boake, 2004; 

, Rosenthal Dijkers, Harrison-Felix, Nabors, Witol, Young, & Englander, 1996; 

Wagner, Hammond, Sasser, Wiercisiewski, & Norton, 2000). While above 

average risk for disparities in health care has been identified for racial and-ethnic 

minorities in most health care sectors, it is only beginning to be identified in the 

serious injury literature (Barber & O'Keefe, 2003; Gannon, Napolitano, Pasquale, 

, Tracy, & Mccarter, 2002; IOM, 2003). Evidence demonstrates 1) that injury 

impacts minorities disproportionately, 2) minorities experience disparities in 

multiple areas of health, and 3) there is little in the injury literature outlining health 

disparities. This evidence emphasizes the need for increased research to 

discover and eliminate disparities in acute outcomes of life-threatening injury. 

The purpose of this integrative review is to initially analyze the investigation of 

health disparities among ethnic minorities in acute outcomes of life'.'"threatening 

-injury. The research question addressed by this review is: do racial and ethnic 

disparities exist in acute outcomes for victims of life-threatening injury? 
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.METHODS 

A search protocol was developed with the assistance of a research 

librarian based at a university health sciences institution. Medline (1966-2005) 

CINAHL (1982-2002) and Cochrane Database of Systemic Reviews were 

searched to ide,ntify published and unpublished research focused on acute 

outcomes in trauma. Keywords used in the search inclLJded: injury, trauma, 

multiple trauma, multi-system trauma, Level 1 trauma center, injury severity 

score (ISS), trauma severity indices, critical care, intensive care unit (ICU), 

morbidity, mortality, outcomes, acute outcomes, length of stay, complications, 

adverse events, sentinel events, patient satisfaction, cost, and charges. 

A literature search and a review of study reference lists produced 352 

citations for review. Criteria for inclusion were data-based papers that were 

published in journals based in the U.S. and that focused on acute injury 

outcomes as dependent variables in adults (age >18) with life-threatening 

injuri~s. Life-threatening injury was defined as injury(ies) with an ISS of greater 

than 15, or injury(ies) severe enough to require admission to the ICU for >24 

hours. The ISS is a scoring system used to assess severity of injury that has 

been shown to be a valid predictor injury mortality, morbidity, and hospital length 

of stay (Van Natta & Morris, 2000). Race must have been correlated as an _ 

independent variable to acute care outcomes. Studies were excluded if they 

were focused on pediatric populations, non-acute outcomes, or critical care 

outcomes ot~er than injury. A code sheet organized study findings (Mulrow & 

Oxman, 1997). Variables documented in the code sheet included study, 
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. . . . . . . . . . . . . . . ' 

purpose, design, sample size, setting, independent variables, depen9ent · 

_ 1 • variables., methodology, and-conclusions_. 
I 

-! 

I 
I 

. . . . . . . ' 
' ' . ' . . ' . . .. 

' . . . . . . - ' 

Initial review of the 352 citations resulted in 171 (49%) articles focused_ on •· · 

acute injury outco_me"g. -Of these, 17 (5%) ·were stu:dies focused on acute care 
. . .· : . ' '. ·. '. . . ' ' · .. '. ' ' . : ·.·.:. . ._·.. . . ' 

outcomes in a· severely injured patient population and collected demographic . 

data for race. However, race _was an_alyzed in correlation with acute outcomes in 
- . ', . . . . . . . ·. . . . . · .. 

. - . . . . . . - - . ' . 
. ' ' . 

less than half of the ti studies·, resulting· in a total of 7 ,(2%) studies included for. · 

this analysis. _ 
. . 

FINDINGS 

-Study Charactedstics· 
. ' . . . 

• • ' I • ' 

· Data duri'ng the acute· phase of care were. coUected•tor all 7 studiesfrom · 
. . . . 

records of patients admitted to Leve·I1 Trauma Centers-(American College of 
' ' . . . . . . . . 

. . . . . . -
. . . . . . . 

Surgeons Committee on Traurna, 1998). PaUents· who meet criteria for care at _ 
. . . . 

Level: 1 Trauma Centers are routed to these centers during transport for initial · 
. . . . . 

assessment and treatment; regardless of their ability to•pay for care. Time to 

treatment for patients was not reported in any of_the studies reviewed. 

- Four of the 7 studies were prospective data reviews, while :3 studies were 

··retrospective; Physician inv_estigat6rs conducted thestudies. Most (5)·sample --

. , sizes numbered greater than 1,000,:a_nd ranged from 151 to 20,000. Outcomes 
' . - - . 

· of interest were mo-rtality and morbidity, hospital.arid ICU length of stay, acute· 

care.disposition, and hospital costs or charges. While race-was correlated to 

outcomes and rep·orteq in_ the ·each of results se_ctioris, the primary_aims of the 



. - 14 

' . . . ' . . ' . . . ' . 

. . sb.1diesWerenotfocused on racial disparities_ i:n_ acut_e outcornesof life- : 
:.1 

1· 
. . I -

I · threatening injury. Other variables associated with health disparities in the 

_ 

1 

literature were rareiy reported. :Income and health ·insurance statu·s·were 
. - I 

correlated to outcomes in 2 studies,·whereas education information was not 
. . 

reported in:any:of the 7 studies. Specific study results 8re provided inthe · 

paragraphs that follqw:. 

_ i. · - Disparities reported · 
' : . i ... · . : .. ' -:- . : . . <· ·.. . . : ·. . . ·: . . ·. ·:_ ... ·.· . . . <· . ·: . . . ·:_. . .·, 

Mortality from .injury ·was -positively associated with minority race· in 2 of the 
. . . . 

7 studies. In the firststudy, Gannon and colleagues (2002) prospectively ~oug~t · 

· to investigate the role of female sex in trauma mortality using more than 22,00_0 ·-
. . ,· . . . : ' . . . : .· . .· : . . .· 

. trau·ma registry records. Besides_ sex, th:e .invest1gators linkedage, Caucasian . 

··and non~Caucasian race,· and co~morbidity variables to mortality· in patients with · · 
. . . ' . . . . . . 

mild (IS$ <15), mode.rate·(l~-S>15~29); and severe (ISS:>3.0) injury.· WhHe 
- . . .·. .:_ . ·, . . ·. . : :_ .:_ .. 

associations between age··a_nd sex to injury mortality.were analyzed -by individual: . 
·. . ·. . ·_ ' . . . 

· : ISS groups, the association. between race and mortality was analyzed u5ing the 

-· _ full sample, without differentiation between injury severity groups .. : Results . 
. . . . . . . . . . . . 

showed.that non-Caucasians had nearly twice the chancer_of dying from i~jury as·_ 
. . - . ' . . . ' 

did their-white counferparts_(Gannon; Napolitano;·Pasquale, Tracy, & McC_a:rter;:: · 

- 2002). 
: ' . . : . . . . ' . . . . . . . . . . ' ,: : . ,: '. ' '. : . ' ,: ' 

Similarly, in another study of mortality._outcomes, ·investigators conducted· 
' . . . . 

.. a retrospective analysis of nearly 34,000 records of patients with mild.(ISS <15)~. 
- . ' . . 

· moderate (ISS :15-29), ·a·nd severe (ISS >30) injuries (Grossman·, ·Mifler, Scaff; & :: · · 
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' I • • • • • • • • , • • 

· .;. : : Arcon:a~ _2002). Agai'n, :while varjables such as :inju:ry mechani.sm8nd age were.· 
: i. 

· analyze~ and :reported by i_njury severity. group, .the effect of_ race on. mortality in •. 

geri_atric: patients was reported using the full Sample. The conditional odds ratio. 
. ' . . 

. . . . - ' ' 

for the effect of race on mortality was comparable, and slightly higher (1 .·09) than · 

that of age (1.068) or sex (0.6.56)~ .Race·had nearly as much impact on mortality : . 
. ,. . .. . .. . .. . 

·.: as the ISS (OR= 1.098).· Because the aim of ~his:studywas to define the 
. ' . . . . ' .. 

. significance of co-·morbidities and clinical variables: ~n mortality· rates .in injured 

elderly, and _not to identify disparities in vulnerable populations, results were not. : · 
. . . . '. . ' 

. . , ' . - . 

. I reported for radal subcategories'. . 

I 

:! 

Acute.to.mplications of life-threatening_ injury were found to be positi_vely · 

associated with race~: In one· study of _injured patients (IS_S >_16),_ specific · 

differences ih genetic morphologythat have impi'ications .for the development.of. 
' . . . . . - . 

sepsis were faun~ tooccur significantly more frequ:ently iri. AA patients than in 
. ' . . 

. . . . . . . - , . 

other groups of patients, including White and:Hispan:ic patients (Barber & 
. '. 

Q'Keefe~ 2003 ). This genetic difference was :also found in a ·coritml group sample .. 
. . . . . . . . . . . 

. of non-irijured.AAs. The identif1cation:of racia'I d·isparities in :outcomes was:not the · 
. . 

· . primary aim of this prospective study. The purpose was to ·examine genetic · 
. ' . . . . . . . ' . . 

.differences in severely :injured patients (n = 151) who d_eveloped and su~ived 
. . . . . . . . . . . . . . ' . . . . . . . 

: complicated sepsis;• however investigators a·lso correlated minority racial status · 

· · withgen.etic_ polymorphisms. 
. . . . . . . . . 

·1n another study inwhich race was correlatedwith injury complications:, .. 
. . . 

- . . ' . . ' 

investigators found racial differences in a sample of injured patients who.were at' 
• • I , • • , , • , ' • , 

risk f~r developing delirium tremens (.DT) during:their hospital stay :(Lukan, Reed,.· . 
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· , .. Looney, Spain, :~~tBloridell, 2002). The· trauma registry_database: ~t_a_Level 1 -

· • Trauma Center was retrospectivelyfeviElwed in this study for patientswhO either • 
- . ' . . . . -

. . . .· .· - ,· ' . ' . ' _· . .· .· . .· ' .· - ... 

. ' had a positive blood alcohol con~entrationon. admissiQn or who ha~ developed ' ' 
. . . . 

DTwtiile in the ICU or hospital '(n= 1751 ). Data for race was collected-as an 
. . . . . . . . . . . 

. . . . . . . . 
' . . . . . . . . : . . . . . . ' ' . . . . . - . . ' . . . . . . - . . . . - . 

. . ' . . . ' . . . . 
. . . . 

independentvariable and correlated to subsequent dev_elopment of DT,although : 
. . ·. ·. . ·. :_ : . .·_ :_ .:_ . " -

raciaLsubcategories_:other than 'White" were notreported. In a group of patients -
-I 

with similar severity of injury (mean ISS of 13.3.), White race was- found to be a 
' . . . 

significant predictor for the development of DT; a complication that can increase_· 

_ hospital·length of stay and place injury v_ictims as risk for increased:ac'ute care · 
. t . ' . ' . ' 

~ . ' . . . 

l . cornplications (Luka:n et al.,: 2002). :· .. 
. I 

! ' 
. --I -

I 
' I . No disparities reported 

·I 

i. . . ' ' . -

In the three remainingstu_dies, no cOrrelations between race and· acute · . -

injuryoutcomes were reported_. Two ofthese_:studies were focused :on acute -- · 

injury morbidity· and mortality outcomes. No differences were found in mortality 
. . . . J ' ' 

. . ' . . . 

rates for persons of' Caucasian, AA, or Hispanic: race· when investigate-rs sought . 

. to-identify relationships·between demographic.characteristics and o_utcomes in -
. - . . . . . . . 

persons-who suff~red_ traum~tic brain-:injury (TBi) f.rom·_interttio_nal_:acts ofviolence· 
. . . . . . - . . . 

: and who were admitted to the ICU :or hospital for greater than 24 hours (Wagner, -· 

._ 1 · ~asser,Hammond, Wiercisiewski, &-Alexander, 2000). In this prosp.ective study: 
. ' ' . . . . - . . 

. :·. of more than 2600 patients with TBl:from causessuch as gunshot wmmds and 

I . - . . . . . -

assault with a blunt object, the investigators evaluated ·chcuacteristics·of 
. . . I - - . . . . . . . 
. 1 vulnerability such as age, race~ (Caucasian, AA, or Hispanio} income,:and 

i . 



. . 17. 

- . . . . . ' . . . ' . . . . . ' ' . . . . ' ' . 

. s~bstance use· in conriectiori with incidence of intentionalTBI and mortality.· 

· Results from incom_e·analysis showed that while mo_re than 60% of patients in the 

J 
·: :j- • sample had mean incomes of less than $39,000, therewas i,oassociation 

·. 1· · between death fromTBI before acute.care ·discharge·and income._· 

Bochicchio· and colleagues (2002) reported "n:o significant differences'; in 
' . . . . ' . . ' . . ' . ' . ' . . . 

the incidence or absence of Systemic Inflammatory Response Syndrome {SIRS) .. 
-! 

1- . ' . ·. . ' ' . . . . . . . ·. . . . 

. ! . as a cornplication of severe injury for persons of Caucasian, AA, Hispanic,Asian, . 
. I. 

·; , or "Other" race .. · Injury severity was defined by requirement of admission.to the:•: 
I- . 

' . . . . . . . ' . 

. : ICU for more than 24 hours. : This finding was omf component ofa prospective . 
. ! 

analysis of 702 records-to evaluate the· utility of using SIRS scores in predicting · 

the i_ncidence of .nos.ocomial infection and outcome (Bochicchio Napolitano, 

Joshi, Knorr, Tracy,· 11·ahi, & Scaleall 2002). · · 

· Administrative outcorrtes were the focus of the final study of injured 
- . . ' . . 

. . . ' - ' . . ' 

patients. · In this· research conducted by Legoretta and colle:agues (.1993), the 

- . . ' . . . ' 

sample included patients-from the hospitaltrauni'a_ registry database who had· 

· ·i . injuries severe ·enough to· require-admission to the hospital or icu, including · 

"major. significant trauma". as defined· by the New York State· Major: Diagnostic . . . . . ' ' . . . 

· Category 25. The investigators soug_ht to id~ntify poten_tial relationships between · 
. . . . . . . . . . . . . . . . . . 

AA, Hispanic, :White, or "Other" :race and health- ins·urance-payor-status to costs,· 

thro_ugh_the_ir evaluation of reimbursement characteristics for. injury_care in an 
. . 

: -1, • urban,New York hospital' (Legorreta, Mikos, Sullivan,, &Delany, 1993):. -: 
' . . . . 

. "Retrospective ·cha·rt reviews of 209 records :revealed no association among payer · 
. . . . . . . . - . 

status or race withhospitalcosts· or injury severity. 

l 
' i 

I -
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. . . . 

. _ DISCUSSION 
. _- . ' . . . . .. · , . ' . . .· . . 

Study findings for racial disparities iri.acut~ outcomes of life-threatening 
' ' . - . ' . . ' . . . . -
' - ,- - . .· ' .· . ,· . . .· . . . . . _· . . 

· ·.! - injury.'are niixed,:and ofte,n omit other-variables known to. be as_sociatedwith :_. 

· health disparities, such as. iricorne and education. Four ofthe seven studies 
. . ' ' ' . ' . . 

reported-racial dis·parities in trauma morbidity and mortality. Conversely~ th_ree 
.. ,. .. .. ,. . . .. . 

. ' . . . . ' . . . . . . ' . 

: . studies showed no correlations between race and acute t_rauma :morbidity: ·and· : . 
i 

_ •·; . morl:ality. These re3sults lead to the .conclusion thatn1ore research is neededto 
. I - -

. investigate the pot~_ntial for.racial disparities in life~threatening injury. This 
. . . . ' ' . . . . . 

' . ' . . . . ' ' ' . . . . . . . . . . . . . . . . . " ' . . - . - . . ' . . . . . . . ' . 

-research should al'so)riclude other variables known to be·_~ssodated with health 

dispa'rities, -such as- incon,e and education. · .. 

Disparities:Uterc1ture. context : 

Findings.from the 4 studies that showed racial ·disparities ih injury._ 
' . . . . : ' ' ' : . : . . < . ' . . ' . . . ' < . ' · .. : ' ' ,· : . -: . : . ' ' . -: . : - ... - -: . : ' -

morbidity and ·mortality are consistent: with much of the:.existent hea.lth. disparities -. 
. . ' . . . . . . . . ' ' . . 

. . . ' . . . . ' 

- literature. Although few· innumber, these s·tudies :mirror-r~sults reported in _the ·. · · 
.. ' \' . . ·_ . ' ' ' - . -_ . . . . . - . . ' . . . . . ·. . . - ' - ·. ' ' - ·. 

· · i IOM (2003} report on radal disparities iri:healthcare, as weU a$ study,findin·gs: in. ••· · 

• . the n_on-acute injury and critical cc3_re :literature. This consistency 9ffers : 
. . ' ' . ' . .·. . . .· . . . .·. . ' . .·. . . . . . .... 

_: investigators literature ·support for the deve_lopment bf future re:search Specifically_: 

ainied at searching-for racial disparities .in. acute outcomes ·ot injury. 

. . ' . 
' . . ' . . 

Injury literature.context_· 

.:Many investigators focus their research on improving acute outcomes of -
. . . '. . . . . ' . . . '.. . . . . '. . . . ' ·. . . . . . .... 

. injury. However, the majority of injury outcome studies werff excluded- fmm this ' 
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. . . ' - . . . ' . . 

·: review because al_thoughinvestigator~ :c_ollected race :or ethnicity dataa:s · 

independent variables, these variables were notlinked to outcomes in the _final 
' . . . . . ' . . . . . ' . . . . . ' . ' . . . . . . . . . .. . . . ' . . . . . ' 

· results. Small adjustments in current.research designs, including:the -iinkage: of. 

· ·already collected _race_ data fo acute injury outcomes, and the collection ·of other· 
. - . . . . . . . . - . . . . . . ' . . . . . ' ' . . ' . 

• • • • - ' • > ' ' ' • • ' ' • 
' ' . . ' ' . ' . . . . . . . . . . . ' '' . 

' . . . . . . ' ' . . . ' . ' . ' ' . . . . ' . - . 

variable_s associated with health dispariti~s, ~uch. as income and education,. : 
' ., .:_ ' .:_ .:_ .:_ . . ' . ·•. . . ' .: 

. . . ' . . . . ' . . 

would hel_p bring_ injury research closer to meeting U.S~ national priorities for the 

eliminatio•,n of health disparities.- . : 

.:_Physiology: literature context· · 

: One· ofth·e studies included in:this analysisreported:significant evidence 

-that disparities may exist i~_the biolog_ic response.tolife~threate_ning injury that 
. ' . . . - . . 

. . . . . . . . ' . 

: may affect acute outcomes. Harber and O'keefe (2003)'found_ genetic 
. . . . ' . . ' . 

.. polymorphisms with implications for sepsis survivartrom injury among minorities .. 

' Results such as these :ar~ significant for several reasons~ First; th'ese :findings· are . ' 
. . . . . . . ' . . . 

' . . . . ' ' . ' 
' ' ' . . 

consistent with research in· related fields of scierice that' support ~merging . 
. . . . . . . . . . . . . . . '. . . ' . . . . . . . . . . . ' . ' . . 

. . . ' . ' . . . . . ' . . . . . ' . ' 

_ theories-of physiologic:changes resulting frorn the cumulative effects of chronic . 

. . stress, or. "al_lostatic load" (Korte, Koolhaas, Wingfield, & _McEwen, 2005;. · 
. . - . . . ' . . ' ' ' . -

'' ' . . ' . . . . . . ' . . . . . . ' . . '. . .... 
' . . . . . . . . ' . . . . . 

. McEwen & Seeman,J 999). C:hronic stress is di.sproportionately ·exp.erienced: in . 
. ' . ' - . . . . . . - . ' . . ' ' . . 

· : vulnerable pop·ulations, including ethnic _minorities, and_ place:sthem at risk_ for · 

increased susceptibility to disease (Kristenson, Erikson, Sluiter, Starke, & Ursin~ . 
. . ' . ' . ' ' . ' . . . . . . ' . ' . . .. . . . ' . . ' . . . . . . 

2004·; Seeman Crimmins,· Huang, Singer,Hucur, Gru:enewald,Berkrnan, &: · 
. . . . . . 

Reuben, 2004; Steptoe, 9wen, Kun·z_-Ebrecht; & Mohamed-Ali, 2002). Second, . 
' ' . -

- . ' . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . ' ' . . 

such differences:a,re being reported with increasing frequency, ·and:influence the : 
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. : symptoms, mech~nisrns of,and respmJses :to complications of injury (Korte etaL, -

-• 2005; Zehn_bauer, 2000). Finally, these findings have specific-implications fora -
., .. ;·: . . . . . . . . . . . . . . 

· provider,.s ·choice of taHored interventions for Ufe7threatening· injury and more· 

research·is requiredfovalidate-these findings·(~evan, Lyn~h, _Dubriwny, Harris~ 
. . ' ' . . . . . . . ' ' . . . . 

' . ·. - .. , . · .. ' . ·, . . ·, . . . '. '. . -.. ' . . ·. . ·. . · .. ' ·. ' . ·, 
. . . ' . . ' . . . ' . . . 

Achter, Reeder;&•.condit,: 2003·; •Exner; Dries~ Domanski; &:Cohn, 2001"; Wo?d, 
. . . ' . . . . . . . . . 

2001 ). Consequently, investigators urge injury researchers-to explore racial 

' .. d.ifferences: as independent variable~ in injury outcomes (Barber & ·o·Keefe, . 

2003) .. 

. . . . . . 

W_hyare disparities· unexplore~? _ 

-One _explanc;3tion for the unexploreq. status of dispariti_es in the area _of 
. . . ' . . ' . ' . . 

' , . . . . . . . . . . . . . . . . . . . - . . . ' ' . . ' . 

1nj:ury outcomes: may b~:that manyAme•ricans believe that race is: irrelevant in: -

-healthcare (IOM~ 2003; Ullie-Blanton, Martin_ez, & Salganicoff,·2001 )._Classic·.· .. 
. . .· . - .· . .· . .· . .· ' ' ' ' . . .· - . .· . . . 
.... ' . ' ' ' . - ·. . . . . . . . . . ' ' ....... - . . . ' . '. . . '. . ' ' 

. . . . . . ' . . . . ' . . . . . . . . ' . . . . ' . . - . 

injuryoutcome studies :that did· notcorrelate factors of race or ethnicity as::·: · 
.: . ··. ' '.·_ .. '.. . ... ' ' '.:_ .. : .. , . ,; ' ,. ' . :_ ... : ' ' .. 

i'nde·perident vadablesto outcome$ are con~istent with this belief (Champion-, ·. 
: . ·, . - ' ·.·' - . · ..... _·' : '·.· ·. : - ' ·. ' : ... '.' : ' . ·.· ·. : ' .. ·.· : . ._·. : ' .. -,· 

_ Copes, $acco, Lawnick,· Kea_st, Bain, Flanagan.,·&. Frey; 1990; Brenne·man:, · 

: . Boulanger,: Mclellan, Culhane, & Redelmeier, 1995; Holbrook.& Hoyt, 2004 ). 
. ': '. ' '' . . . .. ' ':.' . ' < · . : '' . : . : . ' ,: ... ' ' '.' . ~.. - -: . '. . ' . : . : '' ' . : ' , ' ,: .. 

: Research that leaves: out these.variables perpetuates thi·s. ideOlogy and : ' ' 
. . . . . ' ' . . ' ' . . . ' ' . - ' ' . . . . ' ' . 

contribute$· tothe.gap•in knowledge surrounding the.existen.ce_·of r~cial·heal:th ·.·. 

·· disparities in life~threatening injury. · 
. - ' . ' . . . . ' . ' . . ' ' ' . 

. Another explanation forthe deficit of'researd,:inthis a:rea may be t'hat. ·. 

some research. enviro'nments may not ·explicitly'encouragescholarly inquiry that . · 
. . . . . ' . . . . . . . ' . ' ' 

- . emphasizes racial ahd:ethnic differences in health outcomes. :Ninety~eight · 
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percent (345 out of 352) of the studies abstracted for this review did not include 

variables of race in their analysis, and none of the findings reported are the result 

of testing the investigators' primary hypotheses. Results that reported race as 

independent variables in injury outcomes were significant, yet unexpected 

findings~ While there is no evidence that this argument is responsible for a 

majority of injury researchers leaving out variables of race in their analysis, these 

patterns do not foster innovative research designs that link race to acute injury 

outcomes. 

FUTURE RESEARCH 

Research frameworks 

Evidence from this analysis supports the statement that more research is 

needed to explore the existence of racial disparities in acute injury. Theoretical 

frameworks exist'that provide guidance for developing research questions aimed 

at this purpose and include the Psychoneuroimmunology Framework (DeKeyser, 

2003), the Human Response Model (Heitkemper & Bond, 2003), and the 

Vulnerable Populations Conceptual Framework (Flaskerud & Winslow, 1998). 

All of these frameworks express health outcomes as dependent variables of 

vulnerability, risk, and resources, however a detailed description of the models is 

beyond the scope of this paper. 
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Research questions 

Mitigation of the effects of illness and injury in vulnerable populations ' 

requires research that emphasizes the effect that sociological, environmental,· 
I 

and biological determinants of health may have on health disparities, including 

assessments of how race, income, and education may differentially affect health 

outcomes (Flaskerud & Nyamathi, 2002; IOM, 2003). Directions for future 

research conceptualized through this analysis and guided by the above 

theoretical frameworks include: 1) Do minorities and persons of low socio

economic status have worse acute outcomes of life-threatening injury? 2) If 

disparities exist, what are their characteristics, how do they compare to 

disparities found in other areas of health and illness? 3) What specific 

psychological and ·biological factors explain injury disparities? 

CONCLUSIONS 

The results of this analysis provide important, -but irtsufficient and 

inconclusive evidence of racial disparities in acute outcomes of life-threatening 

injury. Demonstrating the positive effects of injury· care on acute outcomes is 

difficult without an understanding of the influences patient risk factors have on 

outcomes (MacKenzie, Shapiro, Moody, Siegel, & Pitt, 1987). More health 

disparities research is needed with a focus on acute outcomes of life-threatening 

injury in racial and ethnic minorities, and persons of different income and 

education levels. The effects that co-morbidities commonly associated with 

factors such as race or ethnicity have on influencing acute outcomes of injury 
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must be recognized when analyzing complications of injury (Maier & Rhodes, 

2001 ). These facts serve as an excellent foundation upon which to develop 

future research in acute outcomes of life-threatening injury to answer the national 

call to discover and eliminate health disparities in all leading causes of death for 

racial and ethnic minorities. 
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CHAPTER Ill 

. PREDICTIVE VALIDITY OF THE SYSTEMIC INFLAMMATORY RESPONSE 

SCORE FOR INTENSIVE CARE UNIT LENGTH OF STAY 

(Specific aim 2) 

, Nesmith, E. G., Weinrich, S.- P., Andrews, J. 0., Medeiros, R. S., Hawkins, M. L., 
1 / . 

I & Weinrich, M. C. (Submitted). Predictive validity of the systemic inflammatory 

! response score for intensive care unit length of stay. 

The manuscript, "Predictive validity of th_e systemic inflammatory response 

syndrome score for intensive care unit length of stay" addresses the following: 

Specific aim 2. 

To determine if t~e instrument used to measure systemic inflammatory 

: response syndrome is valid. 

ABSTRACT 

. Background: Systemic inflammatory response syndrome has been 

. . 

associated with increased hospital length of stay; however, its association with 

intensive care unit length of stay has not been reported. Identifying predictors of 

intensive care unit.length of stay can help critica_l care nurses prioritize patient 

care in patients with acute, life-threatening injuries. 

31 
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Objective: To determine if systemic inflammatory response syndrome 
I 

I . 

· scores can predict intensive care unit length of stay in patients with acute, life-
! • • 

: threatening injuries. 

Methods: Re~rospective chart reviews were completed on patients with 

acute, life-threatening injuries admitted to the intensive care unit at a Level 1 · 

trauma center _in the southeastern United States. Systemic inflammatory . 

response syndrome was measured at admission and compared to intensive care 

. unit length of stay. Charts were identified from the 1998-2007 trauma registry 

. database. All eligible charts were included (N = 246). Additional variables of 

: race, sex, age, smoking status, substance use, and injury severity score were 

also collected. Simple linear and multiple regression modeling were used to 

analyze data. 

Results: Severe systemic inflammatory response. syndrome on admission 

to the intensive care unit predicted intensive care unit length of stay (F = _ 15.83) p 

< .00Q1, as did Caucasian race (F = 9.7) p = .002, and injury severity score (F = 

j20.23) p = .0001. 

! 
Conclusions: Intensive care unit length of stay can be predicted by 

I 
!systemic inflammatory response syndrome. Critical care nurses can use 
\ 

[systemic inflammatory response syndrome quickly and easily at the bedside. 
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INTRODUCTION 

Life-threatening injury is the leading cause of death among adults aged 

15-44.1 Injury is one of the most expensive threats to health and productivity in 

: America, second only to cardiac disease.2 Injuries affect 36 million peopl·e per 

· year, and are responsible for nearly 40 billion dollars in annual costs.2 By the 

, year 2020, over-all injuries will surpass communicable disease as the leading 

cause of disability-adjusted-life-years arouRd the world.3 

Intensive care units frequently receive patients who have experienced 

acute, life-threatening injuries. Intensive care unit length of stay is recognized by 

· the Joint Commission on Healthcare Organizations as an important outco'me 

: measure for intensive care unit treatment,4 and is one of the most costly and 
I . 
I . . . 

i resource intensive aspects of caring for patients. 5 Mean costs on the first day of 
I 

: intensive care unit admission can average more than $10,000, and nearly 

$5,000/day afterward.6 

Intensive care unit length of stay for patients with acute, life-threatening 

j injuries can vary widely. In one study that addressed intensive care unit length of 

stay for patients with acute, life-threatening injuries (as opposed to all intensive 

care unit patients), the range was 1 to 274 days, with a mean of 10 days.5 

Intensive care unit length of stay is influenced by. age,5 the type and severity of 

illness,7 and by physiologic changes that occur within the first 24 hours of 

admission.7 Little is known about the influence of demographic factors such as 

race and sex, or the influence of lifestyle factors such as smoking and substance 

. use on intensive care unit length of stay for patients with acute, life-threatening 
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injuries. Reducing •intensive care unit length of stay is important, since prolonged 

intensive care unit length of stay can increase morbidity, mortality, and cost. 

Physiologic changes that i·nfluence intensive care unit length of stay 

include the inflammatory response to injury. In the hours following acute life-

: threatening injury, a pro-inflammatory condition known as- systemic inflammatory 

response sy.ndrome may develop.a This syndrome has been observed in 29-61 % 

i of patients following-life-threatening injury.9
-
14 The severity of systemic 

! 

. inflammatory response syndrome is influenced by the amount of tissue damage 

incurred. Patients with large a.mounts of tissue damage are disproportionately 
i 

: affected.a Mild or moderate systemic inflammatory response syndrome is more 

· desired (Table I). Infection and sepsis can result when there is no systemic 
I . . 
! inflammatory response syndrome occurrence following life-threatening injury. If 

· recognized early, patients can be successfully treated. With this outcome, 

intensive care unit length ·of stay can be reduced. 

When severe systemic inflammatory response syndrome develops, 

j patients are at risk for poor outcomes such as multiple organ failure. MUitipie 

organ failure may be complicated by the addition of infection and sepsis if the 

body over-compensates with a severe anti-inflammatory response. Mortality risk 

for these patients is high, and the intensive care unit length of stay can be 

[ significantly prolonged. 

I 



Table I. Systemic Inflammatory Response Syndrome and Outcomes 

SIRS* SIRS* 
Score Occurrence and Severity 

0 
1 
2 
3 
4 

No occurrence 
No, occurrence 
Mild severity 
Moderate severity 
Severe severity 

Outcomes 

Infection and sepsis 
Infection and sepsis 
More desired 
More desired 
Multiple organ failure 
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(may be complicated by the addition of infection 
and sepsis from over-compensated ahti
inflammatory response) 

SIRS*= Systemic Inflammatory Response Syndrome 

Systemic inflammatory response syndrome has predictive validity for 

deadly complications commonly seen in the intensive care unit, including 

i infection, seps_is, and multiple organ failure. 8• 
10

• 
12

; 
13 However, the predictive 

I 

I validity of the systemic inflammatory response syndrome. for intensive care unit 

i 

! length of stay is not known. The purpose of this study was to investigate the 

· predictive validity of the systemic inflammatory response syndrome for intensive 

care unit length of stay in patients with acute life-threatening injuries. 

METHODS 

Design and Sample 

I 

A retrospective chart review was constructed to measure the ability of the 

i systemic inflammatory response score to predict intensive care unit length of 
I 

I 

stay. The study sample consisted of charts identified from the trauma registry 

database at the Level 1 trauma center in the southeast between 1998-2007. 

Inclusion criteria were: 1) patients between the ages of 18 and 44; 2) acute, life

threatening injuries, defined as an injury severity score of 15 or greater; 3) and 
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admission to the intensive care unit for at least 24 hours. Exclusion criteria were: 

1) blood transfusion; 2) spinal cord injury; 3) co-morbidities that affect immune 

function and inflammatory response; 4) regular use of non-steriodal anti

inflammatory drugs; 5) and/or missing d~ta required to calculate the systemic 

inflammatory response score. The age range of 18-44 was chosen for its 

consistency with CDC injury reporting age ranges. 1 All patients who met inclusion 

and exclusion criteria, regardless of systemic inflammatory syndrome status, 

were included in the study. Five hundred fifty-two (552) charts were screened:· 

101 (18%) were excluded for blood transfusions, 108 (20%) for missing data, 41 

(7%) for spinal cord injury, 50 (9%) for intensive care unit stay< 24 hours, and 6 

(1 %) for co-morbidities that affect systemic inflammatory response. Two

hundred-forty-six charts (246) comprised the final sample. Approval to conduct 

this study was obtained from the Institutional Review Board . 

. Instruments 

The following concepts were measured as independent variables: 1) 

physiologic changes that occur within the first 24 hours of admission, 

operationalized as systemic inflammatory response syndrome; 2) demographic 

. variables of race, sex, and age; 3) lifestyle variables of smoking and substance 

i use, and 4) degree of acute, life-threatening injury, operationalized as injury 
i 

: severity score. Intensive care unit length of stay was the dependent variable. 

· Systemic inflammatory_ response syndrome _was measured using the 

: instrument developed by a panel of experts at the 1991 American College of 
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Chest Physicians/Society qf Critical Care Medicine (ACCP/SCCM) consensus 

conference. 15 This instrument has content validity, because it was developed and 

its content was agreed upon by two separate panels of experts on two separate 

occasions.15
• 

16 The systemic inflammatory response syndrome score is 

determined by assigning one point for each vital sign measure that meets the 

following criteria: 1) temperatu·re >_ 38°C, or< 36°C; 2) heart rate > 90 beats per 

minute; 3) respiratory rate> 20 breaths per minute, or PaCO2 < 32; and 4) white 

blood cell count >12,000/mm3
, < 4,000/mm3

• or presence of 10%. immature 

neutrophils.15 A systemic inflammatory response syndrome score of 0 or 1 is 

interpreted as no occurrence of systemic inflammatory response syndrome. A 

systemic inflammatory response syndrome score of 2 (mild), 3 (moderate), or 4 

(severe) shows positive occurrence and level of severity of systemic 

inflammatory response syndrome.17 lntrarater reliability for this instrument was 

assessed by calculating the systemic inflammatory response syndrome score for 

the same 50 patients on two separate occasions. lntrarater reliability was 

excellent at 97%. · 

Demographic variables of race, sex, and age were measured using 

information contained in the patient chart. Hospitals generally keep excellent 

records of demographic variables as a matter of routine. 18 The lifestyle 

characteristic of smoking was measured using da~a contained in the nursing 

. admission assessment database. These data (race, sex, age, and smoking 

status) were collected and documented by the admitting nurse from the patient or 

next-of-kin. Substance use was measured as "yes" or "no" if laboratory data 
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contained in the chart indicated positive amounts of ethyl alcohol, cocaine, 

marijuana, benzodiazepines, and/or opiates. Use of single or poly substances 

1 was not differentiated. Patients with acute, life-threatening injuries at the sample 

institution are routinely screened for presence of these substances on admission. 

Degree of acute, life-threatening injuries were measured using_the 

instrument of injury severity score. The injury severity score is a statistical 

: scoring system used by injury researchers that quantifies multiple injuries, and 
! 
I 

: provides guidelines for defining life-threatening injury for the purpose of scientific · 

· study.19 The score has predictive validity: research has validated the injury 

! severity score as a classic predictor of injury morbidity _and mortality since the 

scar~ was defined in 197 4. The injury ·severity score is calculated by the trauma 

registry software. Scores range from 0-75. A score between 0-15 is considered . 

: mild injury, 16-29 is considered moderate injury, and greater.than 30 is 

considered sever~ injury. Intensive care unit length of stay was measured in 

whole (not partial) 24-hour units by counting the number of 24-hour time periods 

: spent in the intensive care unit using times documented in the chart. Units were 
I . , . 

! 

: based on hour and date of admission to the intensive care unit, and hour and 

; date of trans~er to the medical-surgical ward. 

Procedures 

The American College of Surgeons Committee on Trauma mandates that 

1 

all designated trauma centers maintain a traum.a registry?0 The registry contains 
I 
I 

I . 

: information on injury and demographic characteristics, as well as diagnostic and 
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disposition data. A report was generated from the trauma registry for use as a 

screening tool to iden_tify patients for inclusion in the study. Charts identified for 

inclusion (from the report) were reviewed for exclusion criteria. All charts that 

met both inclusion and exclusion criteria comprised the study sample. 

Criteria for measuring the systemic inflammatory response score were 

collected from data recorded in the chart at the time of admission to the intensive 

care unit. The injury severity score was collected based on the injury severity 

score contained in the trauma registry. Data from patient charts were entered 

directly into the Number Cruncher Statistical Software (NCSS) program?1 

Analysis 

Descriptive analysis of sample variables was conducted, and included 

means, median, and quartile data. Simple linear models were used to examine 

the relationship between systemic inflammatory response syndrome and 

intensive care unit length of stay. The distribution of intensive care unit length of 

stay and injury severity score was normalized using logarithmic transforms. 

: Exploratory variables of race, sex, age, smoking, substance use, and injury 

! severity score, as well as individual systemic inflammatory response syndrome 

criteria were also included in the simple linear models. Statistical significance 

was determined based on the F statistic and p < .05. NCSS was used for all 

statistical tests and modeling.21 Statistical modeling determined that a quadratic 
I 

! model was the best fit for the data. 
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The multiple regression model was obtained using all variables of interest, 

including race, sex, age, smoking, substance use, injury severity score, and 

1 systemic inflammatory response score. All of the models included linear and 

, quadratic effects for the systemic inflammatory response syndrome score. For 

effect sizes that differed by systemic inflammatory response syndrome score and 

race, the terms were estimated separately (nested within). The models were 

compared using partial and multiple partial F tests. The final multiple regression 

: model included only the predictors that were significant at p = .05 level or less. 

RESULTS 

Patient characteristics 

Readers are referred_ to Table II for a complete summary of patient 

1 characteristics. A majority of the 246 patients were Caucasian (n = 133; 5~%) 

. and male (n = 178; 72%). The mean age was 29 years old. One hundred 

eighteen subjects (52%) were smokers. One hundred forty three subjects (58%) 

were positive for substance use. The range of injury severity scores was 16-59, 

with a mean of 24 (Mdn = 22, SD= ?).indicating moderate injury. The mean 

injury severity score for Caucasians was 24 (Mdn = 22, SD = 6), while the mean 

score for African Americans was 23 (Mdn = 22, SD = 8), also indicative of 

: moderate injury. There were no significant differences between patient 
I 

1 

demographics and substance use characteristics and injury severity score. , 

One hundred ninety four subjects (79%) met criteria for systemic 

inflammatory response syndrome on admission to the intensive care unit. Of 
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those, 75 (39%) had mild systemic inflammatory response syndrome (score of 2), 

92 (47%) had moderate systemic inflammatory response syndrome (score of 3), 

and 26 (13%) had severe systemic inflammatory response syndrome (score of 

4). 

The range of intensive care unit length of stay was 1-74 days, with a mean 

of 8 days. The mean intensive care unit length of stay for patients with severe 

systemic inflammatory response syndrome (score of 4) on admission was 19 

days. Patients with moderate systemic inflammatory response syndrome (score 

of 3) stayed an average of 8 days, whereas patients with mild systemic 

inflammatory response syndrome (score of 2) stayed an average of 6 days. 

Patients with no systemic inflammatory response syndrome (score of 1 or 0) on 

admission stayed an average of 5 days in the intensive care unit. 
I . 



Table II. Patient Characteristics and Intensive Care Unit Length of Stay 

Number(%) 
Race 

Caucasian 
Minority 
African-American 
Hispanic 
Other 

Sex 
Male 
Female 

Age (years) 
Mean 
Range 
Age 18-26 
Age 27-35 
Age 36-44 

Injury Severity Score 
Median 
Range 

ISS 16-29 
1 ISS ~30 
: Smoking 
· (Unknown 8% n=19) 

Non-smoker 
Smoker· 

· Substance use *t 

Total ICU ICU ICU ICU 
Group LOS LOS LOS LOS 

Mean Median 25th 75th 

(Days) (Days) Pere. Pere. 
246(100%) 8.0 3 2 8 

133(54%) 
113(46%) 
94(83%) 
16(14%) 
3(3%) 

178(72%) 
68,(28%) 

29(SD 8.1) 
18-44 

112(45%) 
65(26%) 
69(28%) 

22(SD 7.1) 
16-59 

9.8 
6 
6 .. 6 
3.7 
2·.1 

8.3 
7 

6.3 
9.6 
8.3 

211 (86%) 6.6 
35 (14%) 15 

109(48%) 
118(52%) 

6.1 
8.5 

4 
3 
3 
3 
3 

3 
4 

3 
4 
3 

3 
6 

3 
3 

2 
2 
2 
1 
2 

2 
2 

2 
2 
2 

2 
2 

10 
5 
6 
4 
3 

9 
6 

6 
9 
10 

7 
25 

6 
8 

No Substance use 103(42%) 6.3 3 
3 
4 

2 
2 
2 

6 
10 
10 

Substance use 143(58%) 9.1 
Ethyl Alcohol (ETOH) 95(39%)* 9.2+ 

Range ( mg/d L) 1 0-341 
Median (mg/dL) 152 

Marijuana 48(20% f 8+ 3 2 . 8 
Cocaine 36(15%)* 14+ 5 2 21.5 
Benzodiazapines 20(8% f 15+ 6 2 27 
Opiates 14(6%)* 1 o+ 3 2 7 

. Other 8(3%)* · 16+ 6 2 18 
: SIRS None (Score O or 1) 53(22%) 4.7 2.5 2 4 
; SIRS Mild (Score 2) 75(39%) 6.3 3 2 6 
! SIRS Moderate (Score 3) 92(47%) 8.2 4 · 2 8.3 
! SIRS Severe (Score 4) 26(13%) 19.2 10 6 27 
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I ISS-lnjury Severity Score; SD=Standard Deviation; SIRS-Systemic Inflammatory Response Syndrome. Percentages for 
I specific substances reported as percent of total patients (246). trotals for numbers and percentages of specific 
: substances equals more than143 due polysubstance use. *Values are for positive substance use. 
I 
': 

i 
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Simple linear analyses 

Simple linear analyses were performed for each systemic inflammatory 

response syndrome score· value to determine predictive validity for intensive care 

unit length of stay. Mild systemic inflammatory response syndrome was 

classified as a score of 2, moderate was a score of 3, and severe was a score of 

4. Severe systemic inflammatory response syndrome on admission to the 

intensive care unit predicted intensive care unit length of stay (F = 15.83) p < 

i · · .0001 (Table Ill). Mild and moderate systemic inflammatory response syndromes 

-did not predict intensive care unit length of stay. 

Table Ill. Predictors of Intensive Care Unit Length of Stay: 
Simple Linear Regression Analysis 

R2 
- df F SE 

Caucasian Race* 
Sex 
Age 
Smoking 
Substance use 
Injury Severitr Score*. 
Severe SIRS 

, ICU Temperature 
I CU Heart Rate 
ICU Respiratory Rate 
ICU White Blood Cells 

.04 1 9. 70 .055 

.0003 1 .06 .063 

.003 1 .69 .004 

.0001 1 .02 .0567 

.01 1 .96 .057 

.08 1 20.23 .234 

.12 2 15.83 .029 

.0006 1 .003 .01 

.12 1 32.45 .001 

.004 1 .91 .005 

.008 1 1.96 .005 

95% Cl· p 
.06 to .28 .002t 

-. 14 to . 11 . 81 
-.04 to .01 .41 
-.13 to .1 .88 
-.21 to .02 .09 

.6 to 1.5 < .0001t 

.09 to .21 < .0001 t 
-.02 to .03 .96 
.005 to .01 < .0001 t 
-.02 to .005 .34 
-.003 to .02 · .16 

SIRS-Systemic Inflammatory Response Syndrome; Injury Severity Score 
calculated as LOG10; tsignificance at p < .05; :i:s1RS-Systemic lnflarT1matory · 

i Response Syndrome calculated using a quadratic fit. 

i I 

I 

I 

. I 

I I 
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Figure I. Intensive Care Unit length of stay (logarithm) for 
Systemic Inflammatory Responsf? Syndrome Score 
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I 

Simple linear analyses were also performed on individual exploratory 

variables of race, sex, age, smoking, substance use, injury severity score, and 

systemic inflammatory response syndrome criteria (Table Ill). Caucasian race (F 

= 9.70) p = .002, injury severity score (F = 20.23) p < .0001, and heart rate (F = 

32.45) p < .0001 predicted intensive care unit length of stay (Table Ill), whereas 

· age, sex, smoking status, and all other individual systemic inflammatory 

' response syndrome criteria did not predict intensive care unit length of stay . 

While not significant at p < .05, substance use approached significance for being 

1 a predictor (F = 2.96) p = .09. 
I 
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! , Multiple regression analysis 

I 
\ : 

i 

I : 
I 

I I 

Three multiple regression models were analyzed. The first model included -

all of the independent variables of interest regardless of their significance level in 

the simple linear analysis, including systemic inflammatory response syndrome 

score, race,- sex, age, sm-oking, substance use, and injury severity score. This 

model was non-significant. 

A second model was analyzed that eliminated the non-significant variables 

of sex, age, and smoking from the simple linear analysis, and included the 

significant variables of systemic inflammatory response syndrome score, race, 

substance use, and injury severity score. This model exp·lained 21 %-of the 

variance (R2 = .21) for intensive care unit length of stay and approached 

significance (F = 3.51) p = .006. 

The final model included only nested values for systemic inflammatory 

response syndrome and race {Table IV). This model explained 15% of the 

variance (R2 = .15) for predicting intensive care unit length of stay (F =7.70) p = 

I 

i .006. 
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! : ---------------------------

Table IV. Predictors of Intensive Care Unit Length of Stay: 
I 

1 

____ M_u~ffl~pt_e_R~e~g~re_s_s_ro_n_A_n_a~~~s-~-------------
, 

MODEL .15 

df 

3 

F SE 95% Cl p 

7. 10 .0533 .04 to .25 .006* 
i 

1 

, a. Systemic 
Inflammatory 
Response 
Syndrome, 
plus 
Race 

I. 

i 

*Significance at p < .05 

DISCUSSION 

The findings from this study that severe systemic inflammatory response 

syndrome and Caucasian race are significant predictors for intensive_ care u·nit 

length of stay in patients with acute, life-threatening injuries has not been 

previously reported in the literature. The following discussion is organized into 

sections that focus on these new and important findings, ·including significant 

variables from the simple and multiple regression analyses. Similarities and 

1 I 
1 1 differences w'ith previously reported research are highlighted. 

I Systemic inflammatory response syndrome 
I 

Severe systemic inflammatory response syndrome was a very strong 

: predictor of intensive care unit length of stay (F = 1 ?.83) p < .0001. Mild and 

moderate systemic inflammatory response syndromes were not predictors. The 

percent of incidence of systemic inflammatory response syndrome found in this 

· study (79%) is compa.rable to that found by Bochicchio and colleagues 11 (61 % ). 
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I i 
I 

I 
I ' 

I 

I 
I I 
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It is higher, however, from that found in other studies of patients with ·acute, life

threatening fnjuries (29-35% ).10
· 
12

• 
13 

Similar studies have validated severe systemic inflammatory response 

syndrome as a predictor of hospital length o_f stay in patients with acute, life

threatening injuries.10
· 
12 However, the' present study is the only study known- to 

the authors in which severe systemic inflammatory response syndrome predicts 

intensive care unit length of stay in patients with acute, life-threatening injuries. 

One explanation for why patients with severe systemic inflammatory 

response syndrome stayed longer in the intensive care unit may be related to 

increased risk for multiple organ faUure. The patients may have also had the 

additional complication of infection and sepsis, brought on by over-compensated, 

anti-inflammatory response. 

I fl contrast, patients with mild or. moderate systemic inflammatory 

response syndrome may have stayed fewer days in the intensive care unit 

because mild and moderate systemic inflammatory response syndrome is a more 

desired physiologic response· to injury. Additionally, patients with no systemic 

_ inflammatory response syndrome may have had stayed fewer days in the 

intensive care unit because they may have benefited .from early identification, 

i treatment, and subsequent transfer to a lower level of acute care for follow-up. 

In the simple linear analysis, the significance of severe systemic 

: inflammatory response syndrome as a predictor was second to heart rate (F = 
I 

i 32.45) p < .0001 and injury severity score (F = 20.23) p < .0001 and for 
I 

: predicting intensive care unit length of stay. This is an important finding, because 
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injury severity score is a well-established predictor of length of stay for patients 

with acute, life-threatening injuries, but one that is not as simple to use at the 

bedside as the systemic inflammatory response syndrome score.14 The 

statistical significance of heart rate as a predictor is not clinically significant, since 

heart rate is influenced by many variables in the injury setting. This should be 

i considered as a limitation when interpreting the significance of-systemic 
i. 

1 inflammatory response syndrome, however. 

This research lends support the statement that severe systemic 

inflammatory response syndrome score is the simplest, most user-friendly 
I 

1 predictor of intensive care unit length of stay. Though other tools such as risk-

adjusted statistical .models, physician staffing models, and the Acute Physiology 

1 and Chronic Health Evaluation (APACHE) have been used to predict intensive 
I 

: care unit length of stay,22
-
25 they are designed to be used at the system level, 

and cannot be used to predict intensive care unit length of stay for an.individual 

at the bedside.4
• 
22 Further, these tools place more emphasis on intensive care 

\ unit mortality rates, and less emphasis on intensive care unit length of stay.4 In 

I 
1 contrast to the systemic inflammatory response syndrome score, the APACHE 
! 

; scoring system is complicated and difficult to use at the bedside, as well as 

, : expensive to purchase and train personnel to use.12 

! I 

:Race 

i In the exploratory analysis, Caucasian race was also a strong predictor for 
i 
!intensive care unit length of stay (F = 9.70)p = .002 while African-American race 
l 
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I , 
was not. There were no differences between race and type of injury, or other 

· variable that may offer an alternative explanation for this finding. This result is a 

new and important addition to the injury literature, since race is often overlooked 

. as a variable in injury research. A recent review showed that race was measured 

as an independent variable for acute outcomes of life-threate·ning injury in onty 

2% of studies (7 of ~52).26 By comparison, race is measured more often as an 

i independent variable in chronic disease research, and significant findings are not 
I 
! uncommon. 27 Significant results for race might be ·more common in injury 

research if race was measured more often: This statement is supported by the 

results from the present study, and from the previously mentioned review in 
I 

which 4 of 7 ~tudies reported significant findings.26 

: Substance use 

Su~stance use approached significance (F = 2.96)p = .09 for predicting 

'. intensive care unit length of stay, while non-substance use was not a predictor. 

i The evidence on substance use as a predictor for intensive care unit length of 
i 
I stay is conflicting. In one study comparing increased incidence of complications 
I 

; from injury to substance use, Rootman, and colleagues28 found no significant 
I 

I 

, correlation between substance use and intensive care unit length of stay. The 
I 

! authors of a second study reported shorter intensive care unit lengths of stay for 
I 
I 

~ injured patients who were positive for alcohol, though statistical significance 
i 

Jvalues were not cited.29
• 

30 In a third study, Baldwin and colleagues31 reported 

I 
i longer intensive care unit lengths of stay for medical and surgical patients 
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positive for alcohol and drug use, (4.0 days and 4.7 days) than for patients who 

were not positive for substance use. Statistical significance for the longer lengths 

of stay was reached only for alcohol use (M = 4 days, SE = . 7, Mdn = 2 days) 

.01, and not for drug use (M = 4. 7 days, SE= 2, Mdn = 1 day) p = . 78. 

· Age, sex, and smoking 

Age, sex, and smoking did not predict intensive care unit length of stay. 

The findings related to age and sex contrast with other research reports. In 
I I 

: particular, previous research has ·shown age as a predictor for intensive care unit 
I 

! length of stay in patients with acute, life, threatening injuries. 5• 
32 One 

I . . 

I explanation for the difference in these results may be that the patient age r~nges 
I . 
j and means in the cited studies are much wider (0-104 years old; 44-46 years old) 
I 

: than the age range and mean for this study (18-44 years· old; 29 years old). In 

studies for which the age statistics were comparable, the results of the present 

study were supported. 33
· 
34 

Previous research has also shown that female sex is' a predictor for 

decreased intensive care unit length of stay in this patient population.35
• 

36 These 

findings are true ev~n when females were i_njured more severely than males.36 

! These findings may be related to recent results by Frink and colleagues37 who 
i 

! reported that injured females in the intensive care unit had fewer inflammatory 

i response-related complications. It is difficult to compare the results of Frink and 

I 

! colleagues directly, however, since the complications measured in their study 

1

.were not measured in the present research. 
I 
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The findings related to smoking in this research are inconclusive when 

compared to other injury and critical care studies. Two studies show agreement 

with the present study, while two studies show disagreement. Consistent with 

the findings of the present research, Jurkovich and colleagues30 reported that 

smoking did not increase the odds for prolonged intensive care unit length of stay 

in patients with acute injuries (N = 3,564). Similarly, Delgado-Rodrigu_ez and 

, colleagues38 reported that smoking was not a significant predictor (p = .46) for 

intensive care unit length of stay in general surgery patients (N = 2,989), though 

smokers in their study did have longer adjusted intensive care unit lengths of stay 

(11.3 days vs. 6.4 days). In contrast, when Baldwin and colleagues31 examined 
! 

i both medical and surgical intensive care unit patients (N = 435), smoking was a 

significant predictor for intensive care unit length of stay (M = 4.2 days, SE= .8, 

1 Mdn = 2 days) p = .008, as it also was in a study of patients who underwent 

· · coronary bypass surgery (OR= 2, 95% Cl= 1.1 to 4) p < .05.39 All four of t_hese · 

, studies were prospective analyses in which smoking status was recorded from 
! . . 

chart documentation based on patient interviews. 

! . 

f Clinical significance of nested model 

I I, 

: · In the multiple _regression analysis, the nested model which included 

i 
: severe systemic inflammatory response syndrome and Caucasian race was a 

' I 

1 
significant predictor of intensive care unit length of stay (F = 3.51) p = .006. 

I 

! Multi-variable models of predictors of intensive care unit length of stay that 
I 

1combine demographic characteristics such as race, with physiologic responses 
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to injury such as severe systemic inflammatory response syndrome, have not 

been previously reported in the injury literature. Such models are particularly 

1 
applicable to nursing practice, since nursing practice focuses on _holistic patient 

, assessments and care that incorporates multiple assessment variables. 

i I 

I I 

! , Implications for practice and ·research 
; I 
I 

Preventive care is a fundamental domain of nursing. Critical care nurses 

i need tools that are e_a·sy to Lise at the bedside to help prioritize preventive care, 

like the systemic inflammatory response syndrome score. Based on this 

research, nurses can use this score to predict that patients with severe systemic 

inflammatory response syndrome on admission will spend more days in the 
l 

\ intensive care_unit than patients mild o_r moderate systemic inflammatory 
I I 

! . response syndrome. The practical application of this for the nurse is that it 
i ' 

_ provides an early signal to nurses for planning preventive care. Critical care 

: nurses who work with acutely injured patients provided suggestions on,.how they 
I 

would change their practice if they could easily predict intensive care unit length 

' l of stay at the bedside on admission.40 Suggestions included being more 
I 

: aggressive in 1) educating and preparing patients and families for the challenges 

i associated with recovery from life-threatening injuries; 2) ordering rotatin·g 

1 
1 specialty beds to reduce skin breakdown, and in 3) prioritizing and planning for 

i 
: patient and family discharge needs. 

Unlike physicians, who recommend use of the systemic inflammatory 
! . 
! response syndrome on admission to heip make practice decisions for immediate 
i 

- I 
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, I 

1 : care, 13
· 

14 nurses could use the tool as part of a more globally focused 

I i 

evidenced-based preventive care practice guideline. Further, the systemic 

inflammatory response syndrome score on admission ·could be added to acuity 

level assessments, and used by nurse managers fqr planning nurse staffing 

based on predicted length of stay. 

Future research should prospectively evaluate the usefulness of the 

. \ 

1 systemic inflammatory response syndrome score as a tool for critical care -nurses 
I 

I 

for planning preventive care. The present study should be replicated 

prospectively. All variables known to influence intensive care unit length of stay 

should be included in conjunction with the physiologic influence of systemic 

inflammatory response syndrome. Additional research is needed to explore the 

findings of this study that race is a predictor of intensive care unit length of stay in 

patients with acute, life-threatening injuries. Research is also needed to assess 

the practical use of the systemic inflammatory response syndrome score for 

: prioritizing nursing care in the intensive care unit for patients with acute, life

\ threatening injuries. 
I 

I 

Limitations 

Generalizability. The findings of this study are generalizable to patient 

\ 

1 populations with similar characteristics in Level 1 regional trauma referral 
I 

\ centers. They do not apply to urban trauma centers, where the mechanism of 

injury mix may be different. The sample characteristics of the patients in the 

present study, including race, sex, mean injury severity score, and percentages 
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! I 

of mild, moderate, and severe systemic inflammatory response syndrome scores 

were comparable to those found in other studies with similar variables and 

purpose statements. 10
-
13 

i I 
Chari review design. Intensive care unit length of stay is affected by both 

personal and physiologic variables, including communication and family issues, 
. i 

1 stress and depression of next-of-kin, palliative care and ethical issues, 24-hour 

I ! 

! _ presence of a physician, and availability of a unit-specific social worker.7 The 

collection of data for this type was limited by the chart review design. 

Systemic inflammatory response syndrome. Some readers may view the· 

1 i use of the systemic inflammatory response syndrome score as a limitation of this 

research, as validity of the concept has been debated in- the literature.17
• 
41

• 
42 In 

! 

, i 2001, a multi-specialty international consortium conference was held to address 

I 

! 
i this debate and review the 1992 systemic inflammatory syndrome conceptual 

definition.16 In the report of conference proceedings, the conceptual validity of 

the systemic inflammatory response syndrome and its use in research was 
I . . 

upheld. Attempts to provide an alternative definition during the conference were 

not successful. 

The use of the syste111ic inflammatory response syndrome score for this 

'

1 

research is supported by: 1) the outcomes of the 2001 consensus· conference; 16 

I 

1 2) research which correlates the presence of systemic inflammatory response 
I -

: syndrome ·with inflammatory biomarkers;4346 and, 3) research that validates its 
I 

1 '. use for predicting outcomes in critically ill patients, including those with acute, 

! life-threatening injuries patients.10
-
13 

i 
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A final limitation is the lack of availability of systemic inflammatory 

response syndrome criteria at a consistent time for all patients following life

threatening injury. Though systemic inflammatory response syndrome was 

measured at the same time (admission to intensive care unit) it was measured in 

comparable studies, future research should include multiple systemic 

1 inflammatory response syndrome measurements so that it can be calculated 

using an average "time from injury" indicator. 

CONCLUSIONS 

The severe systemic inflammatory response syndrome score on 

admission to the intensive care unit is a valid predictor of intensive care unit 

length of stay for patients with acute_, life-threatening injuries. Critical care nurses 

' can use this simple bedside tool to prioritize care, including patient and family 
I ' 

education, discharge planning, and skin breakdown prevention. 

I 
I I 
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CHAPTER IV 

DEMOGRAPHIC AND SUBSTANCE USE DISPARITIES IN SYSTEMIC 

INFLAMMATORY RESPONSE SYNDROME FOLLOWING ACUTE, LIFE

THREATENING INJURY 

(Specific aim 3) 

NeSmith, E. G., Weinrich, S. P., Andrews, J. 0., Medeiros, R. S., Hawkins, M. L., 

& Weinrich, M. C. (unpublished manuscript). Demographic and substance use 

disparities in systemic inflammatory response syndrome following acute, life

threatening injury. 

The manuscript, "Demographic and substance use disparities in systemic 

inflammatory response syndrome following acute, life-threatening injury'' 

1 

'. addresses the following: 

I 

i Specific aim 3. 
I 

1 

• 

1 

• To determine if health disparities exist in the acute outcomes of life-

I 

i : threatening injury by comparing differences in occurrence and severity of 

systemic inflammatory response syndrome among variables of race, sex, 

age, and substance use. 

63 
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Note: 

The original dissertation proposal for this work also included the variable of 

patient health insurance, with the following specific aim: 

• To determine the incidence and severity of systemic inflammatory 

response syndrome in persons without health insurance. 

Following data collection and analysis, of the pri,mary research variables in the 

proposed work, non-significant results were found for insurance, and the original 

hypothesi~ was not supported. Specifically, there was no significant relationship 

between incidence and severity of systemic inflammatory response syndrome 

and persons without health insurance. 

Dr. Sally Weinrich, Chair of the NeSmith Dissertation Committee, advised this 

researcher that it would be difficu_lt to publish non-significant results. Therefore, a 

decision was made in collaboration with the Chair for this dissertation that the 

third manuscript would foc~s on the significant results to enhance acceptance of 

a submitted publication. The text for the third manuscript follows. 

ABSTRACT 

Systemic inflammatory. response syndrome following acute, life

threatening injury has been associated with infection, sepsis, and multiple organ 

failure. Though these often-fatal complications have been linked to demographic 

factors, few studies have explored associations between systemic inflammatory 
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response syndrome, demographic factors, and substancE;} use. This study 

determined if there are differences between' the occurrence and severity of the 

systemic inflammatory response syndrome and race, sex, age, and substance 

use. A retrospective chart review was used to collect data. The sample 

originated from a Level 1 trauma center ih the southeastern United States,. and 

included all eligible charts from 1999-2007 (N ·= 246). One-sided Wilcoxon Rank 

Sum tests and were used to compare systemic inflammatory response syndrome 

to demographic variables. Two-sided t-tests and chi-square analyses were use 

for substance use variables. Significance was set at p ~ .05. African Americans 

(T = 9949.5) p = .04, and persons 30-44 years old (T = 13,654 J p = .04, had less 

occurrence of systemic inflammatory response syndrome than Caucasians and 

adults 18-29 years old'. Females (T = 7,491.5) p = .03, and marijuana users (T = 

3,117) p = .02, had less severity of systemic inflammatory response syndrome 

than males and other substance users. Ethyl alcohol users had more occurrence 

(X2 = 7 .85) p = .005; and severity of systemic inflammatory response syndrome 

(T = 2,667) p = .0008, than other substance users. These data support that 

patient groups identified by- race, sex, age, and substance use may be at 

increased risk for poor outcomes associated with systemic inflammatory 

response syndrome following acute life threatening injury. Health care providers 

can use this information to identify high-risk patients early and tailor treatment 

strategies. 

KEY WORDS: age, critical care, sex, inflammation, substance use, wounds and 

injuries 
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INTRODUCTION 

Acute life-threatening injuries 

Injuries are the leading cause of morbidity and mortality for pers.ons 

between 15 and 44 years old, and account for more years of potential life lost 

than both heart disease and cancer (Centers for Disease Control and Prevention 

[CDC], 2004 ). In 2002, more than 13 million adults aged 20-49 were injured, and 

nearly 80,000 were killed (CDC, 2006). In 2004, injuries cost Americans $574.8 

billion dollars, and accounted for 470 million days of lost future productivity 

(National Safety Council, 2006). In the southeastern United States, particularly 

Georgia and South Carolina, unintentional injury rates (such as those for motor 

vehicle crashes and falls) are higher than the national average in nearly .every 

injury category (CDC, 2004 ). Much research is aimed toward injury prevention, 

however, comparatively less is aimed at acute outcomes of life-threatening injury. 

Demographic factors 

Race. There is a paucity of research that links acute outcomes such as 

mortality and morbidity following life-threatening injury with race. A recent review . 

showed that only 7 of 352 studies compared race to mortality and morbidity 

following life-threatening injury (NeSmith, 2006). 

Race should be a more frequent variable in injury research for se:v-eral 

important reasons. First, a higher percentage of African Americans (13% vs. 1 %) 

experience non-fatal injuries than Caucasians (CDC, 2004 ). Second, the crude 

death rate from injury in African-Americans is nearly twenty points higher than 



the crude death rate for Caucasians (78 injury-related deaths per 100,000 

· people vs. 59 injury-related deaths per 100,000 people (CDC, 2004 ). 
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Finally, research sugQests that racial disparities exist in acute outcomes of 

life-threatening injury, as evidenced by the following 3 citations. The landmark 

Institute of Medicine report, "Unequal Treatment: Confronting Racial and Ethnic 

Disparities in Healthcare" reported positive associations between race and 

morbidity and mortality in nearly every health condition (Smedley, Stith, & 

Nelson, 2003). Next, the previously cited review of 352 injury studies 

documented that 4 of 7 studies found racial disparities in mortality and morbidity 

(NeSmith, 2006). Lastly, in a study of critically ill patients (not specific to injured · 

patients) African-Americans demonstrated an increased risk for infection and 

sepsis when compa_red to Caucasians (Dombrovskiy, Martin, Sunderram, & Paz, 

2007). Infection and sepsis are common acute outcomes of life-threatening · 

injuries. 

Sex. In contrast to race, sex has been a more common variable in injury 

research. Studies have linked sex with poor outcomes following life-threatening 

injury (Frink et al., 2007; Mostafa et al., 2002). Male sex has been associated 

with more occurrences of sepsis and multiple organ dysfunction than female sex 

in studies of patient wi~h life-threatening injuries (Frink et al., 2007; Mostafa et al., 

2002). Sepsis and multiple organ dysfunction are poor outcomes of life

threatening injury that have been associated with the systemic inflammatory 

respo_nse to injury (Keel & Trentz, 2005). 



68 

Not all studies agree on associations between sex and acute outcomes 
\ 

following life-threatening injury, however. For example, Gannon and colleagues 

(2002) found no differences between males and females for in-hospital m·ortality 

in their study of more than 22,000 patients with life-threatening injuries. More 

research is needed to clarify the impact of sex on outcomes of life-threatening 

injury, and the systemic inflammatory response syndrome. 

Age. Age has also -been linkE;3d to increased mortality and morbidity 

following acute life-threatening injury (Albaugh et al., 2000; Hollis, Lecky, Yates, 

& Woodford, 2006; Johnston, Rubenfeld,_ & Hudson, 2003; Mostafa et al., 2004 ). 

Beginning as early as the second decade of life, the risk of mortality in patients 

with- life-threatening injuries has been shown to increase 132% per decade 

(Albaugh et al., 2000). Age has also been associated with increased for risk for 

sepsis (Uslan et al., 2007), a poor outcome that cah develop from no occurrence 

of systemic inflammatory respon_se· syndrome or alternatively, severe systemic 

inflammatory r~sponse syndrome with an over-compensated anti-inflammatory 

respons_e following injury (Giannoudis, 2003; Keel & Trentz, 2005) .. Despite 

these findings, there are few studies that compare age to occurrence or severity 

of systemic inflammatory response syndrome. 

Substance use 

Substance use is a common cause of life-threatening injuries (Longo, 

Hunter, Lokan, White, & White, 2000). Greater than half (65.7%) of patients 

injured in motor vehicle crashes tested positive for single or multiple substances 
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in a study conducted at the R. Adams Cowley Shock Trauma Center in 

Bethesda, MD, (Walsh et al., 2005). The American Medical Association (AMA) 

recommends testing injury patients for substance use on admission (AMA, 1991 ). 

A recent survey_showed that 75% of trauma surgeons comply with this 

recommendation (Schermer et al., 2003) .. Despite the availability of screening 

data, the influence of substance use on the systemic inflammatory response to 

life-threatening injury in humans is unknown. 

Systemic inflammatory response syndrome 

Injury morbidity and mortality following hospital admission have been linked to 

poor outcomes associated with the occurrence and severity of systemic 

inflammatory response syndro_me following injury (Keel & Trentz, 2005; 

Napolitano, Fais·t, Wichman,n, & Coimbra, 1999). This syndrome is a systemic, 

pro-inflammatory response to large amounts of tissue damage following injury 

(Bone, 1996a). If there is no occurrence of systemic inflammatory response 

syndrome following life-threatening injury, research has shown an increased risk 
I 

for poor outcomes of infection and sepsis (Bone 1996a). Treatment for infection 

and sepsis is most successful when thes.e conditions are 1) uncomplicated by 

other poor outcomes (such as multiple organ failure), and when they are 2) 

detected early (Dellinger, et al., 2004 ). For patients who experience infection 

and sepsis, successful treatment-decreases intensive care unit length of stay and 

associated increased costs of care. 
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Conversely, if there is severe systemic inflammatory response syndrome 

following injury, research has shown an increased risk for multiple organ failure 

(Bone 1996a). Multiple organ failure can be compounded by the addition of 

infection and sepsis, which may develop following an over-compensated, anti

inflammatory response. When multiple organ failure is complicated by the 

addition of infection and sepsis, intensive care unit length of stay and associated 

costs increase, and morality rates can be as high as 80% (Keel & Trentz, 2005). 

Given the lack of research between patient population groups and systemic 

inflammatory response syndrome, and the poor outcomes associated with either 

no systemic inflammatory response syndrome (infection, sepsis) or severe 

systemic inflammatory response syndrome (multiple organ failure), it is important 

to identify which groups of patients are at risk for differences in the systemic 

inflammatory response syndrome following acute, life-threatening injury. The 

purpose of this research was to determine if.there are differences between the 

occurrence and severity of the systemic inflammatory response syndrome and 

race, sex, age, and substance use. 

Hypotheses·. 

Two hypotheses were tested for this research. The same dependent 

variables were used for both hypotheses. The first hypothesis addressed 

demographic factors and stated that African Americans, females, and patients 

30-44 years old would have fewer occurrences and less severity of systemic 

inflammatory response syndrome than Caucasians, males, and patients 18-29 

years old. The second hypothesis addressed substance use, and stated that 



users of ethyl alcohol, cocaine, marijuana, benzodiazepines, and other 

substances would have different occurrence and severity of the systemic 

inflammatory response syndrome than non-substance users. 

METHODS 

Design and sample 
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To test these hypotheses, a retrospective chart review was conducted of 

patients seen between 1"998-2007 at a Level 1 trauma center in the southeastern 

United States. This trauma center receives approximately 1,400 local and 
I 

transferred patients with acute injuries from a three-state regional catchment 

area annually. All charts were identified from the trauma registry database. A 

trauma registry database is a requirement of all designated trauma centers and 

contains demographic and injury-related data on patients evaluated at these 

institutions (American College of Surgeons Committ_ee on- Trauma, 1998). 

Sample inclusion criteria were: 1) age between 18 and 44 years old; 2) 

documentation of acute, life-threatening injuries as indicated by an injury severity 

score of 15 or greater; and 3) admission to the intensive care unit for at least 24 

hours. The sample age range was based on the Centers for Disease Control 

web-based injury statistics system (CDC, 2004 ). Acute, life-threatening injuries 

were defined as an injury severity score of 15 or greater. An injury severity score 

of 15 or greater is the accepted threshold for defining acute, life-threatening 

injuries (Van Natta & Morris, 2000 p. 87). 
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Sample exclusion criteria were 1) treatment with blood or blood products, 

2) presence of spinal cord in)ury, 3) history of co-morbidities with poten~ial to. 

affect immune function and/or inflammatory response, 4) regular use of non

steriodal anti-inflammatory drugs, 5) and/or missing data associated with primary 

study variables. Treatment with blood or blood products can independently 

induce a systemic inflammatory response (Gould, Cimino, & Gerber, 2007; 

Mostafa et al., 2004). Co-morbidities that affect immune or inflammatory 

· -response include auto-immune diseases, cancer,· HIV/AIDS, and/or history of 

organ transplant (Robinson, Mathews, & Witek-Janusek, 2002). Regular use of 

non-steriodals such as aspiri~ and ibuprophen can result in alteration of the 

inflammatory 'response. Permission to conduct the study was obtained from the 

Institutional Review Board where the research was performed. 

Measurement 

The primary dependent (outcome) variables were occurrence and severity 

of systemic inflammatory response syndrome. Occurrence of systemic 

inflammatory response syndrome, defined as "yes" or "no", was a nominal level 

of measurement. Severity of systemic inflammatory response syndrome, defined 

as mild (score bf 2), moderate (score of 3), or severe (score of 4) systemic 

inflammatory response syndrome, was an ordinal level of measurement. 

Both occurrence and severity of systemic inflammatory response syndrome 

were measured using the systemic inflammatory response syndrome score, 

developed by Bone and colleagues (1992). Using this measurement scale, the 
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following four criteria were measured and recorded at the time of admission to 

the intensive care unit:• 1) temperature greater than 38°C or less 36°C; 2) heart 

rate greater than 90 beats per minute; 3) respiratory rate greater than 20 per 

minute (or PaCO2 < 32mm/hg); 4) white blood cell count greater than 12,000 or 

less than 4,000cells/dL. One point was assigned for each criterion that is met. 

Possible scores ranged from 0-4. A score of O or 1 was defined as "No" 

occurrence of systemic inflammatory response syndrome. A score c;>f 2, 3, or 4 

was defined as "Yes" occurrence of systemic inflammatory response syndrome. 

A score of 2 was defined as "mild" syndrome severity, 3 was defined as 

"moderate" severity, and 4 was defined, as "severe" systemic inflammatory 

response syndrome severity. 

The primary independent variables in this research were demographic and 

substance use variables. Independent demographic variables were race, age, 

_and sex. These were determined using demographic data available in the chart 

from hospital registration data. Independent substance use variables were ethyl 

alcohol, marijuana, cocaine, benzodiazepines, and opiates. A substance use 

category of "other" included 8 additional substances-including barbiturates,_ 

amphetamines, "acid", and spray paint. Substance use was determined using 

laboratory data from the chart. 

As guided by hospital protocol, all patients with acute, life-threatening injuries 

at the sample institution were screened on admission for ethyl alcohol, cocaine, 

marijuana, benzodiazepines, opiates, and other substances .. Laboratory reports 

documenting screening results were placed in the chart. The medical center 
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laboratory used the following parameters to categorize results: A positive result 

for ethyl alcohol u'se was serum concentration of greater than 1 0mg/dl. A 

positive result for marijuana use was presence of the marijuana metabolite, 

tetrahydrocannabinol, in the urine. This metabolite can be. detected up to thirty 

days after smoking a marijuana cigarette. A positive result for cocaine was 

presence of cocaine metabolites in the urine. Benzodiazepines were detected 

directly from urine samples. 

I 

The inclusion criterion of degree of acute, life-threatening injury was 

measured using the injury severity score. This score is the accepted standard for 

measuring degree of injury in trauma populations, since it objectively de&cribes 

injury severity regardless of injury mechanism. The trauma registry database 

software calculates the score by assigning different statistical weights to injuries 

based on the region of the body in which the injuries occur. If multiple injuries 

occur in the same body region, the most severe injury for that body region was 

scored. The sum of the squared values for the three most injured body systems 
. 

comprised the final injury severity score. Injury severity-score values range from 

1-75. Scores of 15 or greater were associated with life-threatening injury (Baker, 

1974; Baker, O'Neil, Haddon, & Long, 1974; Van Natta & Morris, 2000). 

Procedures 

Sample charts were selected using d~ta generated from the trauma 

registry database. Charts were identified from the trauma registry using a 

registry report generated from study inclusion criteria. Using this registry

generated report of charts that met inclusion criteria, charts were then screened 
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for study exclusion criteria. All charts that met both inclusion and exclusion 

criteria were included. Of 552 charts screened, 101 (18%) were excluded for 

blood transfusions and 108 (20%) were excluded for missing data. Forty-one 

charts (7%) were excluded because of spinal cord injury, while 50 (9%) were 

excluded for a stay of less than 24 hours in the intensive care unit. Six charts 

(1 %) were excluded for co~morbidities that affect systemic inflammatory 
\, . 

response. A total of 246 charts were included in the final sample. Following 

sample selection, data for all study variables were collected and entered directly 

into a data entry spreadsheet developed by the principal investigator. 

Data analysis 

Descriptive statistics were performed for both occurrence/non-occurrence 

(yes/no) and severity (mild, moderate, severe) of systemic inflammatory 

response syndrome. Frequency tables, means, standard deviations, ··and 

medians were used to describe the sample as appropriate. 

Dependent variables for statistical analyses. Occurrence/nonoccurrence 

and severity of systemic inflammatory response syndrome-related variables were 

used as dependent variables for the statistical analyses. The directional 

hypotheses for dichotomous independent variables of race (African A_merican, 

Caucasian), sex, and age (age equal to or less than the median; age greater , 

than the median) were tested using the one-sided Wilcoxon Rank Sum tests. Age 

was also cross-tabulated again~t each of the dependent variables and the 

Jonckheere-Terpstra test was used to test for trends. Two-sided t-.tests were 
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used to test whether or not there was an association with substance use. 

Analyses.were completed for substance users vs. non-substance users, and 

individual substance users vs. all other substance users. Exploratory analyses 

were also conducted to compare race, sex, age, and substance use to individual 

systemic inflammatory response syndrome criteria of white blood cell count and 

temperature, as these two criteria are most predictive of overall pro-inflammatory 

response. 

RESULTS 

Description of the sample 

The reader is referred to the summary Tabl~ I for complete details of the . 

sample description. Of the 246 charts in the final sample, the majority· of patients 

representetl were Caucasian (n = 133; 54% ). African Americans comprised 38% 

(n= 94) .of the sample. The remaining 19 minorities (3%) were not compared in 

the analyses because of the extremely small cell counts. Most patients were 

male (72%). The average age of subjects was 29 ( ± 7.9) years old. The majority 

of patients were positive for substance use (58%).· Ethyl alcohol was the most 

commonly used substance (68%) The mean ethyl alcohol level was 154 ± 81A 

mg/dL. The mean injury severity score for all patients was 22 ( + 7 .1 ), representing 

moderate injury severity. Motor vehicle crashes were the most commori 

mechanism of injury (80%). There was no significant difference between race, 

sex, age, or substance use variables and mechanism of injury. 
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Table I. Demographic Characteristics of the Sample and Frequency of 
Sy__stemic Inflammatory Response Sy__ndrome 

NO SIRS MILD MOD.ERATE. SEVERE TOTAL 
( Score 0. SIRS SIRS SIRS SAMPLE. 
or 1) Score 2 Score 3 Score 4 

Number(%) 56(23%) 74(30%) 91 (37%) 25(10%) 246(100%) 
DEMOGRAPHICS 
Race8 

Caucasian 26(20%) 41(31%) 48(36%) 18(13%) 133(54%) 
African- 25(27%) 26(28%) 
Americanb 

38(40%) 5(5%) 94(38%) 

Sex8 

Male 38(21%) 47(27%) 7ff(42%) 18(10%) 178(72%) 
Female 18(26%) 27(40%) 16(24%) 7(10%) 68(28%) 

Age (years) a 

Mean 30 27.5 26 30 29 
Range 18-43 18-43 18-44 19-44 18-44 
SD 7.7 7.8 8.0 8.4 · 7.9 

SUBSTANCE USE 
No . 24(24%) 31(30%) 35(34%) 12(12%) 102(42%) 

. Substance 
Use 
Substance 31(22%) 43(30%) 56(39%) 13(9%) 143(58%) 
Use 

Ethyl 15(15%) 25(26%) 49(51 %) 8(8%) 97(39%) 
Alcohol8 

Range (mg/dL) 49-275 10-341 10-283 23-300 10-341 
Median (mg/dL) 118 154 175 150 152 
Marijuana8 15(30%) 18(36%) 13(26%) 4(8%) 50(20%) · 
Cocaihe 10(28%) 9(25%) 12(33%) 5(14%) 36(15%) 
Benzo- 3(15%) 7(35%) 7(35%) 3(15%) 20(8%) · 
diazapines 
Opiates 1(7%) 6(43%) 5(36%) 2(14%) 14(6%) 
Other 4(50%) 2(25%) 1 (12.5%) 1(12.5%) 8(3%) 
INJURY FACTORS 

Median 22 22 22 26 22 
Range 16-45 16-43 16-50 17-59 16-59 
n 53 73 87 25 238 

8 Significance p < .05 
bTotal numbers for race do not add up to 246 (100%), sirice 19 patients were race other 
than African American or Caucasian 



78 

Demographic factors 

The reader is referred to the summary tables for complete de~ailed results for 

occurrence (Table II) and severity (Table Ill) of the systemic inflammatory 

response syndrome. The first hypothesis stated that African Americans, females, . 

and patients 30-44 years old would have fewer occurrences and less severity of· 

systemic inflammatory response syndrome than Caucasians, males, and patients 

18-29 years old. This hypothesis was partially supported. Results detailing this 

support follow. 

Race. For occurrences of systemic inflammatory response syndrome, 

African Americans had fewer occurrences than Caucasians (T = 9949.5) p = .04. 

For severity of systemic inflammatory response syndrome, non-significant results· 

were found for race (T.= 10,077) p = ~09. Results in .the exploratory analyses for 

white blood cell count and tem·perature showed statistically significant differences 

in white blood cell counts between African Americans (Mdn = 14,500/mm3
, 95% 

Cl= 13,800/mm3 to 15,200/mm3
), p < .001, and Cc:;iucasians (Mdn = 16,600/mm3

, 

95% Cl= 15,700/mm3 to 18,000/mm3
), p < .001. Non-significant resultswere 

found for temperature measurements. 

Sex. For occurrences of systemic inflammatory response syndrome, 

results were no~-significant for sex (T = 7,799) p = .26. For severity of systemic 

inflammatory response syndrome, females had less severity than males (T = 

7,491 .. 5) p = .03 The median severity for females was mild (score of 2), as 

compared to a median severity of moderate (score of 3) for males. Non-



significant results were found for white blood cell count and temperature in the 

exploratory analyses. 

Age. For occurrences of systemic inflammatory response syndrome, 

persons 30-44 years had fewer occurrences than persons 18-29 years old {T = 

13,654) p = .04. For severity of systemic inflammatory response syndrome, non

significant results were found for persons 18-29 years old {T= 14,230) p = .09. In 

· the exploratory analyses, temperature was significant for age (R2 = .02) p = .03. 

White blood cell count was not significant. 

Substance use 

The second hypothesis, which was that users of ethyl alcohol, cocaine, 

marijuana, benzodiazepines, and other substances would have different 

occurrence and severity of the systemic inflammatory response syndrome than 

non-substance users was not supported. Table II shows non-significant results 

for substance users vs. non-substance users for occurrence (T = 12,035) p = .37. 

Likewise, Table Ill shows non-significant results for substance users vs. non

substance users for severity (T = 12,432.5) p = .49 of systemic inflammatory 

response syndrome. 

Given these results, a new hypothesis was developed prior to additional 

analyses. This hypothesis compared individual substance use to all other 

substance use, since research shows that a majority (65. 7%) of patients with 

injury test positive for individual or polysubstance use (Walsh et al., 2005)■-This 

new comparison contrasts with the original second hypothesis, which compared 
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individual substance use to non-substance use. The new second hypothesis 

stated that individual substance users will have different occurrence and severity 

of systemic inflammatory response syndrome than all other substance users. 

Individual substance use was then analyzed within the cohort of all other 

substance users for occurrence and severity of systemic inflammatory response 

syndrome. Results of these analyses follow. 

Ethyl alcohol. For occurrences of systemic inflammatory response 

syndrome, ethyl alcohol user~ had more occurrences than all other substance 

users (X2 = 7.85) p .= .005 (Table II). For severity of systemic inflammatory 

response syndrome, ethyl alcohol users also had more severity than all other 

substance users (T = 2,667) p = .0008 (Table Ill). The median systemic 

inflammatory response syndrome score for ethyl users was 3 (moderate 

severity), whereas the median score for all other substance users was 2 (mild 

severity. Neither white blood cell count or temperature were significant for ethyl 
. . 

alcohol in the exploratory analyses. 

Marijuana. When compared to a cohort of all substance users, Table II 

shows non-significant results found for marijuana and occurrence of systemic 

inflammatory response syndrome (X2 = 2.68) p = .1. Significant results were 

found for marijuana and severity, however (Table Ill). Marijuana users had less 

severity of systemic inflammatory response syndrome than all other substance 

users (T = 3, 117) p = .02. The median systemic inflammatory response 

syndrome score for marijuana users was 2 (mild severity), whereas the median 

score for other substance users was 3 (moderate severity). In ·the exploratory 
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analyses, temperature was significant for marijuana (p = .01 ). White blood cell 

count was not significant. 

Other substances. Non-significant results were found for individual 

substances of cocaine, benzodiazepines, and opiates when compared to all 

other substances. A summary of significant results can be found in Table IV: 

Table II. Group Comparison by Demographic and Substance Use Factors 
for Systemic Inflammatory Response Syndrome OCCURRENCE 

· Test Statistic p 

DEMOGRAPHIC FACTORS 
Race8 9,949.5b .048 

(African American; -Caucasian) 
7,799b Sex .26 

(Female; Male) 
Age8 -13,654b .048 

(18-29 years old; 30-44 years old) 
12,035b SUBSTANCE USE . . 37 

(vs.· non-substance users) 
Ethyl Alcohol8 7 .8536c .0058 

(vs. other substance users) 
Marijuana 2.6809c · .10 

(vs. other substance users) 
Cocaine 0.8571 c .35 

· (vs. other substance users) 
Benzodiazepines 0. 7009c .57 

(vs. other substance users) 
Opiates 2.0402c .19 

(vs. other substance users) 
· 

8 Significance p < .05; 6Wilcoxon Rank Sum test statistic; cChi-Square test 
statistic 
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Table Ill. Group Comparison by Demographic and Substance Use Factors 
for Systemic Inflammatory Response Syndrome SEVERITY 

DEMOGRAPHIC FACTORS 
Race 

(African American; Caucasian) 
·sex8 ' 

(Female; Male) 
Age 

(18-29 years old; 30-44 years old) 
SUBSTANCE USE 

(vs. non-substance users) 
Ethyl Alcohol8 

_ 

.(vs. other substance users) 
Marijuana8 

(vs. other substance users) 
- Cocaine 

(vs. other substance users) 
Benzodiazepines 

(vs. other substance users) 
Opiates 

(vs. other sub~tance users) 
8Significance p < .05 

Test Statistic p 
Wilcoxon Rank Sums 

10,077 

7,491.5. 

14,230 

12,432.5 

2,667.0 

3,117.0 

2,583.0 

1,566.0 

1,134·_0 

0.09 

0.09 

0.49 

0.00088
. 

0.9 

· 0.49 

0.41 
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Table IV. Summary of Significant Results for Systemic Inflammatory 
Response Syndrome OCCURRENCE and SEVERITY 

DEMOGRAPHIC 
FACTORS 
Race 
(African American/ 
Caucasian) 

Sex 
(Female/Male) 

Age 
(18-29 years old; 
30-44 years old) · 

SUBSTANCE USE 
Substance Use 

(vs. non~users) 
Ethyl Alcohol 
(vs. other 

· substances) 
Marijuana 

(vs. other. 
substances) 

Cocaine · 
(vs. other 

substances) 
Benzodiazepines 

(vs. other 
· substances) 

Other · 
(vs. other 

substances) 

OCCURRENCE 
(Yes/No) 

Significant (p = .04) 
African Americans 

had fewer 

Significant (p = .04) 
30-44 year olds 

had fewer 

Significant (p = .005) . 
Ethyl_ alcohol users 

had more 

SEVERITY 
(mild, moderate, severe) 

Significant (p = .03) 
Females had less 

Significant (p = .0008) 
Ethyl alcohol users 

had more 
Significant (p = .02) 
. Marijuana users 

had less 
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DISCUSS-ION 

This research showed that 1) African Americans and persons between 30-44 . 

years old had fewer occurrences of systemic inflammatory response syndrome 

·than Caucasians;. 2) females and marijuana users had less severity of systemic 

inflammatory response syndrome than males and other substance users; and 3) 

ethyl alcohol users had more occurrences and more severity of systemic 

inflammatory response syndrome than other substance users. A discussion 

focusing on 1) how this research compares·to the literature, 2) implications for 

practice and r~search, and 3) limitations to applicability of the findings follows. 

Demographic Factors 

Race~ The finding that African Americans had fewer occurrences of 

systemic inflammatory response syndrome contrasts with research by Bochicchio 

and colleagues (2002), Who reported no significant. differences between race and 

systemic inflammatory response syndrome. This study is the only·other study 

known by the authors to make comparisons specifically between the variables of 

systemic inflammatory response syndrome and race. 

Other studies have made comparisons between race and variables· related 

to systemic inflammatory response syndrome, including white blood cell cou~t 

and sepsis (Barber & O'Keefe, 2003; Chang, Cornwell, Phillips, Paradise, & · 

Campbell, 2003; Wagner, Sasser, Hammond, Wiercisiewski, & Alexander, 2000). 

White blood cell count is one of the 4 criteria used to measure systemic , 

inflammatory response syndrome (B_one et al., 1992). Sepsis can result from a 



reduced systemic inflammatory response, which is evidenced by fewer 

occurrences and less severity .. 
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In their study examining demographic variables and white blood cell count 

in patients with acute, life-threatening injuries (N = 786), Chang and colleagues 

(2003) reported significantly decreased white blood cell counts in African

American study participants (M = 9,500/mm3
, SD= 4, 100/mm3

), p < .01, as 

compared to Caucasian study participants (M = 11,500/mm3
, SD = 6,200/mm3

), p 

< .01. These data are comparable to white blood cell counts for African 

Americans (Mdn = 14,500/mm3
, 95% CJ= 13,800/mm3 to 15,200/mm3

), p < .001, 

. and Caucasians (Mdn = 16,600/mm3
, 95% CJ= 15,700/mm3 to 18,000/mm3

), p < 

.001, found in exploratory analyses for the present study. 

These results may represent a difference in pre-morbid immune function, 

since similar differences were reported in non-injured, healthy African-Americans 

· (Reed & Diehl, 1991 ). Another study supports this· explanation. Barber and 

O'Keefe (2003) reported that African-American subjects had significantly more 

frequent gene polymorphisms which were linked to the development of sepsis, 

though no direct associations between race and sepsis were reported. By 

comparison, only 6 of 246 subjects in the present study were diagnosed with 

sepsis: 2 subjects were African American and 4 subjects were Caucasian. 

Sex. The finding that females had less severity of the systemic inflammatory 

response syndrome than males is supported by research that shows females 

J 

exhibit decreased levels of procalcitonin and IL-6 levels and less multiple organ 

dysfunction thc~m males following injury (Frink et al., 2007; Mostafa et al., 2002; 
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Oberholzer, Keel et al., 2000), findings which are consistent with an overall 

reduced systemic inflammatory response (Biffl, Moore, Moore, & Peterson, .1996; 

Wanner et al., 2000). The differences in systemic inflammatory response (such 

a_s those found in this study) observed in_female patients are believed to be 

related to the protective effects of estrogen (Beery, 2003; Napolitano et al., 

1999). 

Age. The finding that persons between the ages of 30 and 44 years old had 

fewer occurrences of systemic inflammatory response syndrome than patients· 

18-29 years old is supported by research which shows a general decline in the 

function of white blood cells as adults age (Schwartz & Weiss, 1991 ). Lack of an 

adequate systemic inflammatory response has been associated with increased 

risk for infection and sepsis (Keel & Trentz, 2005), and evidence shows an 

increased risk for infection. and sepsis in older adults. For example, age greater 

than 60 has been linked with increased odds (OR= 1.25-5.75) for contracting 

infection (Manzur et al., 2007), as well as increased risk of mortality from sepsis 

(Girard & Ely, 2007; Schramm, Johnson, Doherty,. Micek, & Kollef, 2006). · In_ their 

study of 549 patients with methicillin resista,nt staphylococcus aureus who were 

hospitalized at a 1,200 bed urban academic medical center, Schramm and 

colleagues (2006) reported that the risk of in-hospital mortality increased 

significantly (AOR = 1.03; 95% Cl= 1.02 to 1.04) p < .001, with each 1-year 

increment in age in a patient cohort with mean age of 59.9 years(± 17.7 yrs; 

range, 16-95). Though sepsis counts for patients in this study were too small to 
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draw significant statistical conclusions, it was ot;>served in the present study that 

4 of the 6 patients with sepsiswere older than the mean age of 29 years. 

Other studies contrast with this data, how~ver. Marra and colleagues (2006) 

found no significant differences in systemic inflammatory response syndrome, 

sepsis, or mortality between younger(< 65 years old) and older persons(~ 65 

years old) in their study of 127 patients with nosocomial bloodstream infection. 

Similarly, in their study of severely injured patients age 16 years and older (N = 

1,276), Oberholzer and colleagues (2000) reported that age was not a significant 

factor for occurrence of systemic inflammatory response syndrome, sepsis, or 

multiple organ dysfunction syndrome. These data support the assertion t~at the 

. effect of aging on immune system function is both complex and controversial 

(Grubeck-Loebenstein & Wick, 2002). 

Substance use 

Ethyl alcohol. The original second hypothesis was rejected. There was no 

significant difference in occurrence or severity of systemic inflammatory response 

syndrome between ethyl- alcohol users and non-substance users. This is different - . . 

from previous research that reportedt the overall effect of ethyl alcohol was 

immunosuppressive (Cook, & Kovacs, 2006). 

The revised second hypothesis did have significant results. Findings showed 

an increased occurrence and severity of systemic inflammatory response 

syndrome for ethyl alcohol use when compared to a cohort of all substance 

users. To the knowledge of this researcher, this study is the· first to report results 
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of an investigation of inflammatory response in injured ethyl alcohol users as 

compared to inflammatory response in an injured cohort of all substance users. 

This is important, since a majority of patients with life-threatening injwies test 

positive for substance use, and one-quarter of those test positive for 

polysubstance use (Walsh et al., 2005). 

Despite the lack of directly comparable published evidence, two animal 

studies exist that have relevance. Increased white blood cell count is one of the 

measurement criteria for systemic inflammatory response syndrome (Bone et al., 

· 1992). White blood cell counts were increased in a pig .model of acute life

threatening injury with ethyl alcohol intoxicatio~ for up to 24 hours after injury 

(Woodman, Fabian, Croce, & Proctor, 1996). Levels of the pro-inflammatory 

cytokine IL-6, which increases white blood cell count, were also higher in mice 

that had been given ethyl alcohol_ (Colantoni et al., 2000). 

There are three important limitations to this support. First, non-significant 

results were found in the present study between ethyl alcohol use and white 
. . 

blood cell counts. Second, the control animals in both of these studies were 

equivalent to non-substanc~ users, since the control animals were not exposed 

to any substances at all. Finally, the results of inflammation studies using animal 

models should be int_erpreted with caution, since there is some inter-species 

· variation in inflammatory responses (Bone, 1996a). 

Marijuana. The original-second hypothesis regarding comparisons between 

marijuana use. and non-substance use was rejected. There was no significant 

difference in occurrence or severity of systemic inflammatory response syndrome 
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between marijuana users and non-substance users. These results contrast with 

previous re·search which documented that the overall effect of marijuana was 

immunosuppressive (Williamson & Eva·ns, 2000). 

The revised second hypothesis did have significant results. Findings showed 

less severity of systemic inflammatory response syndrome for marijuana use 

when compared to a cohort of all substance users. As stated earlier, the 

literature lacks published studies with which to directly compare these results. 

However, these results are supported by literature. reports of the anti

inflammatory effects of cannabinoids. The term "cannabinoids" collectively refe.rs 

to all marijuana metabolites, including tetrahydrocannibinol, the metabolite used 

to detect marijuana use for the present study. The anti-inflammatory properties 

of some cannabinoids are many times stronger than aspirin (Williamson & Evans, 

2000). They are so strong, that some have suggested cannabinoids could be 

. used for treatment of hyper-inflammatory conditions (Conti, Costa, Colleoni, 

Parolaro, & Giagnoni, 2002). 

Cannabinoids may also suppress inflammation indirectly through their 

anxiolytic properties (Williamson & Evans, 2000). Anxiolytics reduce anxiety 

(Lehne, 2007). Acute. anxiety associated with injury increases white blood cell 

count, and also increases body temperature {Black, 2003; DeKeyser, 2003; 

Goebel & Mills, 2000; Maier & Watkins, 1998). Increased body temperature is 

another one of the four criteria for measuring systemic inflammatory response 

syndrome. Statistically significant results were found in the present study for 

lower temperature in marijuana users (M = 36.9°C vs. ·37.3°C), p < .01, as 
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compared to all other substance users. Non-significant results were found for 

white blood cell counts. The presence of cannibiniods prior to injury may limit 

post-injury anxiety, indirectly inhibiting increases in white blood cell count and 

body temperature. 

The time it takes ·for marijuana to reach maximum plasma concentrations, as 

well as the duration of its effect, are important considerations in this research. 

Cannabinoids are absorbed by fatty tissue and released back into the vascular 

circulation in detectable levels for up to 4 weeks (Williamson & Evans, 2000)., 

This supports the argumentthat if a patient tests· positive for marijuana, plasma 

concentrations are high enough to produce both the analgesic and anxiolytic 
. . 

effects (and subsequent effects on inflammatory response) of marijuana .. 

l mplications for practice and research 

When nurses and other health care providers can identify which groups of 

patients are at risk for differences in the systemic inflammatory response 

syndrome following acute, life-threatening injury practice can be adjusted 

accordingly. Possible practice changes include increased vigilance of at-risk 

patient groups, using the systemic inflammatory response syndrome score as a 

bedside assessment tool. Benefits from increased v!gilance include earlier 

identification of problems and earlier treatments. Treatments being investigated 

for use in patients with alterations in inflammatory response following life

threatening injuries include small volume resuscitation with hypertonic saline 
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(NaCL 7 .5%, 4mL/~g) and granulocyte colony stimulating factor (Napolitano et 

al., 1999). 

African Americans and patients between 29-44 years of age identified in this 

research as having fewer occurrences of systemic inflammatory response 

syndrome following life-threatening injury may be at increased risk for infection 

and sepsis following Ufa-threatening injury. Likewise, males and ethyl alcohol 

users with more severity of_systemic inflammatory response syndrome following 

injury may be at increased risk for multiple organ failure. · More research is 

needed for a definitive determination of increased risk for these outcomes· among 

different patient groups. Similarly, more research is needed to determine if, _and 

·how, poor outcomes are different for females and marijuana users who had less 

severity of systemic inflammatory response syndrome. 

For example, previous research currently in review for publication (NeSmith, 

S. Weinrich, Andrews, Medeiros, Hawkins, & M. Weinrich; Submitted) suggested 

that patients with no systemic inflammatory re$ponse syndrome (fewer 

occurrences) and less severity of systemic inflammatory response syndrome had 

shorter intensive care unit lengths of stay than patients with more occurrences 

and more severity of systemic inflammatory response syndrome (results were 

statistically significant only for severe systemic inflammatory response _syndrome 

and longer intensive care unit lengths of stay). These findings could. be 

explained by two alternative hypotheses. Either patients with no occurrence 

systemic inflammatory response syndrome did not develop infection or sepsis, or 

those who did develop infection or sepsis received successful early interventions 
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and were transferred out of the intensive care unit before accumulating a long 

length of stay. Research is ne~ded to determine the true explanation for 

differences in intensive care unit length of stay related to differences in the 

systemic inflammatory response for among different patient groups. 

Limitations 

This study is limited by the retrospective design and associated-inherent flaws 

with collection of data from secondary databases. Generalizability of study 

results is limited to populations with acute, life-threatening injuries in the 

southeastern United States. Findings may not be generalizable to urba_n trauma 

centers in large metropolitan areas that have a different mix of injury 

mechanisms.Another limitation. is the multiplicity of variables that can influence 

the values of the four criteria used for measuring systemic inflammatory 

response syndrome (temperature, heart rate, respiratory rate, and white· blood 

cell count). 

A final limitation is the existence of differences between the time from injury 

until time to intensive care unit admission, when the systemic inflammatory 

· response syndrome was measured. Ideally, systemic inflammatory response 

syndrome should be measured at a consistent point in time following injury. 

Measurement of the systemic inflammatory response syndrome is dependent, 

however, on a complete set of vital signs and on concurrently measured 

laboratory values for white blood cell count. Because of these limitations, injury 

researchers have measured systemic i~flammatory response syndrome on 
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admission to the Emergency Department (Napolitano, Ferrer, Mccarter, & 

Scalea, 2000), on admission to the intensive care unit (Martin, Kine.aid, Russell, 

Meredith, & Chang, 2005), and on the second and third post-injury day 

(Harwood, Giannoudis, van Griensven, Krettek, & Pape, 2005). 

CONCLUSIONS 

The significant relationships identified for race, sex, and age, as well as for 

ethyl alcohol and marijuana users suggest that different groups ·of patients may 

be at higher risk for poor outcomes of acute, life-threatening injury that are 

associated with the systemic inflammatory response syndrome. Health care 
\ 

· providers should take these factors into consideration when tailoring post-injury 

treatment for these populations. More research is needed that focuses on 

outcomes to assess health disparities in acute outcomes of life-threatening 

injuries for vulnerable populations. 
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A. Overall objective 

CHAPTERV 

DISCUSSION 

Research results from this dissertation support the answer that health 

disparities, defined as increased burden of illness, exist in acute outcomes of life 

threatening injury. This statement is in response to the overall objective of this 

dissertation, which was to answer the question, "Do health disparities exist in 

acute outcomes of life-threatening injury?" 

A discussion on how the research results for each specific aim support the 

dissertation answer, and how they compare and contrast with the larger body of 

health disparities and injury literature follows. The discussion section closes with 

a review of study limitations and implications for practice and research. 

B. Research results and literature 

Specific aim 1. 

. Identified the state of the science for health disparities in acute outcomes 

of life-threatening injury 

Manuscript: "Radal disparities in acute outcomes of life threatening injury" 

103 



104 

The completion of specific aim 1 established the state of the science for 

the phenomenon of interest. The investigation to determine the state of the 

science for health disparities in acute outcomes of life-threatening injury revealed 

that minimal research has been conducted on the topic of health disparities in 

acute outcomes of life-threatening injury. This statement is supported by the 

finding that only 7 studies of 352 studies repof"!ed analyses between race and 

acute outcomes of life-threatening injury (NeSmith, 2006). Of these seven, four 

studies documented disparities: three studies documented no disparities. 

In contrast, the Institute of Medicine panel cited 600 studies in its review of 

the health disparities literature (Institute of Medicine, 2003). Health disparities 

were reported in cancer, cardiac disease, diabetes, cerebrovascular disease, 

women's health, and other causes of death and disability in the United States. 

By comparison, the difference in the number of studies outlined in the Institute of 

Medicine panel (600), and the' number of studies outlined in the state of the 

science investigation conducted by this investigator (7), stand in contrast to each 

other and demonstrate that this area of science is new and important. 

The National Institutes of Health has placed great significance on 

identifying and eliminating health disparities in the leading causes of death for all 

Americans (NIH, 2001 ). Injuries are the leading cause of death for young 

Americans aged 15-44 years old (CDC, 2004 ), yet hea'lth disparities research is 

not being conducted in this area of health (NeSmith, 2006). Because young 

Americans-are largely responsible for the economic growth and productivity of 

the nation, this area of health should be included in the National Institutes of 
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Health emphasis on health disparities research. The findings of the landmark 

Institute of Medicine report support the logic that because health disparities have 

been documented for so many areas of health, it is reasonable to hypothesize 

that more health disparities will also be documented for acute outcomes of life

threatening injury as this area of science expands. More research is needed to 

build this body of evidence. 

Specific aim 2. _· 

• Determined that the instrument used to measure systemic inflammatory 

response syndrome is· valid. 

Manuscript: "Predictive validity of the systemic inflammatory response syndrome 

score for intensive care unit length of stay" 

The completion of specific aim 2 established the validity for the instrument 
l 

used to measure the outcome variable of interest for this dissertation, systemic 

inflammatory response syndrome. The results of this investigation showed that. 

the ins.trument used to measure systemic inflammatory response syndrome is 

valid (F = 15.83) p < .0001. The results also showed that Caucasians with acute 

life-threatening injuries have longer lengths of stay in the intensive care unit (F = 

9.7) p = .002 than non-Caucasians (NeSmith et al., Submitted), further 

supporting the claim of this dissertation that health disparities exist in acute 

outcomes of life-threatening injury. 
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The primary findings of this study add to literature which shows validity for 

the instrument used to measure systemic inflammatory response syndrome in 

intensive care unit admission, hospital length of stay, and mortality following life

threatening injury (Bochicchio, Napolitano, Joshi, Mccarter, & Scalea, 2001; 

Malone et al., 2003; Napolitano, Ferrer, Mccarter, & Scalea, 2000). The three 

studies demonstrating validity for these variables are compared to the current 

findings in the subsequent paragraphs. Importantly, these studies measured the 

systemic inflammatory response syndrome using the same instrument, within a 

comparable time frame, and in a comparable patient setting and sample as used 

in this dissertation. 

In the. first validity study, Malone and colleagues (2001) reported that the 

systemic inflammatory response syndrome had predictive validity for mortality (p 

< .05) and intensive care unit admission (p = .001) in their prospective analysis of 

·7,602 patients with life-threatening injuries who were admitted to a Level 1 

trauma center. Patients with moderate or severe systemic inflammatory response 

syndrome had a 5-10 fold increase in their relative risk for being admitted to the 

intensive care unit. The systemic inflammatory response syndrome score 

predicted a 12% increase in mortality (p > .05). PredicUve validity is an accepted 

method for assessing validity of measures, and refers to "the extent to which 

future performance on a measure can be predicted from performance on a prior 

measure" (Waltz, Strickland, & Lenz, 2005). 

Likewise; Napolitano and colleagues (2000) reported that severe systemic 

inflammatory response syndrome predicted both hospital length of stay (p < 
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.001 ), and mortality (p < .05) in their prospective study of 4,887 patients with life

threatening injuries. Patients in this study with severe systemic inflammatory 

response syndrome had 11.5 times the risk of death (95% Cl = 5.38 to 11 ). 

Finally in the third study, Bochicchio and colleagues (2001) reported that 

moderate and severe systemic inflammatory response· syndrome (n = 183) 

strongly predicted intensive care u_nit infection in 1,850 patients with life

threatening injuries who were admitted for more than 24 hours ( OR = 4. 76, 95% 

· Cl= 3;37 to 6:73). 

Together, these studies support and strengthen the findings of the validity 

study for this dissertation. By comparing systemic inflammatory response 

syndrome to acute outcomes of life-threatening injury such as length of stay and 

mortality, validity was established for the instrument. Evidence supporting the 

validity of the instrument is compounded when the findings of the following 

studies are considered. These studies compared systemic inflammatory 

response syndrome to biomarkers of inflammation. Procalcitonin, C-reactive, 

protein, and IL-6 are examples of these biomarkers. 
l 

In their prospective study (N = 339) comparing procalcitonin levels to 

systemic inflammatory response syndrome, Wanner and colleagues (2000) 

reported significant correlations in patients with life-threatening injuries who 

survived at least thre~ days in the intensive care unit. In another biomarker 

study, Miyaoka and colleagues (2005) reported increased C-reactive protein and 

IL-6 levels in patien_ts with systemic inflammatory response syndrome on post

operative day one following mandibular surgery (p < .05). This study was limited, 
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however, by the small sample size of only 8 patients out of 21 who met systemic 

inflammatory response syndrome criteria. Similarly, Miller and colleagues (1999) 

also reported elevated C-reactive protein levels in their small prospective· study of 

12 severely injured patients with severe systemic inflammatory response 

syndrome and infection. Although two of the three studies were limited by small 

sample sizes, when they are combined with the findings of this dissertation, and 

the three other validity studies for instrument used to measure systemic 

. inflammatory response syndrome, a supportive trend establishing validity for the 

instrument used to measure systemic inflammatory response is established. 

Specific aim 3. 

• To determine if health disparities exist in the acute outcomes of life

threatening injury by comparing differences in occurrence and severity of 

systemic_ inflammatory response syndrome among variables of race, sex, 

age, and substance use. 

Manuscript: "Demographic and substance use disparities in systemic 

inflammatory response syndrome following acute, life-threatening injury" 

The completion of specific aim 3 established that health disparities exist in 

acute outcomes of life-threatening injury by comparing differences in occurrence 

and severity of systemic inflammatory response syndrome among variables of 

race, sex, age, and substance use. The results of the third and final investigation 
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of this dissertation showed that African Americ~ns (T = 9949.5) p = .04 and 

persons 30-44 years old (T = 13,654) p = .04 had fewer occurrences of systemic 

inflammatory response syndrome than Caucasians and persons 18-29 years old; 

ethyl alcohol users had more occurrences of systemic_ inflammatory response 

syndrome than other substance users (X2 = 7.85) p· = .005; females (T = 7,491.5) 

p = .03 and persons who use marijuana prior to injury (T = 3,117) p = .02 had 
. . I . . 

less severity of systemic inflammatory response syndrome than males and other 

substance users; and finally, persons who use ethyl alcohol prior to injury had 

more severity of systemic inflammatory response syndrome than other substance 

users (T = 2,667) p = .0008. 

These results form a foundation for the study of health ~isparities in acute 

outcomes of life-threatening injuries, since there are very few published studies 

that focus on this topic specifically. By comparison, prior injury research has 

focused on some, but not all of the variables represented in this dissertation. 

Therefore, only cursory comparisons can be made in support of the findings for 

this dissertation. The. following studies are included in this discussion for the 

purpose of establishing s·upport for t~e. statement that health disparities exist iri 

injury and that more research is needed in the area of health disparities in acute 

outcomes of life-threate_ning injury. 

In contrast to the research for this dissertation, existing studies of injury 

health disparities most commonly list non-acute outcomes as the primary 

dependent variable. Two representative studies are outlined below. In these 
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studies, the health disparities focus was on race, not sex, age, or substance use, 

as in this dissertation. 

Brown and colleagues (2004) compared ~ace to the non-acute outcome of 

perception of health and quality of life after 3 months following mild to moderate 

traumatic brain injury. Health disparities were documented, as African 

Americans reported worse non..:acute outcomes of physical and general health 

perception than other racial groups (n = 135) p <.04. Putke and colleagues 

(2002) also compared race to the non~acute outcome of self-reported mobility 

handicap in their investigation of rehabilitation and long term functional outcomes 

following spinal cord injury (N = 158). Health disparities were also documented in 

this study, as non-Caucasian race significantly correlated with the non-acute 

outcomes of self-reported mobility handicap. 

The above two studies focused on health disparities for race in non-acute 

outcomes life-threatening injuries .. Other studies have focused on health 

disparities for acute outcomes in life-threatening injuries: However, sex and age 

were the .primary focus, and not also race or substance use, as in this 

dissertation. Further, the acute outcome of focus was not systemic inflammatory 

response syndrome, but infection and multiple organ dysfunction. The studies 

are included here because they focused on health disparities for acute outcomes 

in life-threatening injuries, and health disparities for sex and age were 

documented, lending support (albeit indirect) to the findings of this dissertation. 

Mostafa and colleagues (2002) compared sex and age to the acute 

outcomes of infection, multiple organ dysfunction, and mortality in their study of 
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612 patients who were admitted to the intensive care unit with life-threatening 

· injuries. These three acute outcomes all have the systemic inflammatory 

response as a common factor. Results showed that males between the ages of 

15-45 years old had increased incidence ,of multiple organ dysfunction (p = .001) 

and mortality (p = .04 ). 

In a similar example, Bergeron and colleagues (2003) also compared sex 

and age to the acute outcome of mortality in 405 severely injured patients with rib 

fractures. They reported that patients 65 years and older ( OR = 2.37; 95% Cl = 

1.3 to 4.4 ), had an increased risk of mortality. Data fqr race were either not 

collected or not reported in this study. It is important to note that the acute 

outcomes of infection, multiple organ dysfunction, and mortality studied in these 

two investigations often occur as a result of the systemic inflammatory response 

syndrome following life-threatening injuries. 

In the final comparison of prior health disparities injury research to the 

findings reported in this dissertation, 5 studies measured the same outcome 

variable as used in this dissertation (systemic inflammatory response syndrome). 

Health disparities were addressed in 4 of the 5 studies. Three of the four studies 

compared sex and age (but not race or sub~tance use) to systerr:iic inflammatory 

response syndrome (Kuhls, Malone, Mccarter, & Napolitano, 2002; Malone et 

al., 2001; Napolitano et al., 2000). One study compared all three variables of 

race, sex, and age to systemic inflammatory response syndrome (Bochicchio et 

al., 2002). 
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In the first example, Napolitano and colleagues (2000) compared sex and 

age to systemic inflammatory response syndrome in patients with life-threatening 

injuries. In contrast to the previous citations, and the findings of this- dissertation, 

· health disparities were not documented. No differences were found for sex or 

age in the incidence of systemic inflammatory response syndrome (Napolitano et 

al., 2000). Similarly, Kuhls and colleagues (2002) also compared sex and age 

(but not race or substance use) to systemic inflammatory response syndrome in 

their study to predict risk of death following injury. They also reported. no 

significant differences between sex or age in occurrence of systemic 

inflammatory response syndrome, though they did report that systemic 

inflammatory response syndrome in combination with age and Glascow Coma 

Scale predicted mortality (Kuhls et al., 2002). Interestingly, data for race was 

collected and reported in the description of the sample, but results for race were 

not reported for occurrence or severity of systemic inflammatory response 

syndrome. 

In the only study that compared all three variables of race, sex, and age 

(but not substance use) to systemic inflammatory response syndrome, 

Bochicchio and colleagues (2002) also reported no significant differences· in their 

exploratory analysis of relationships between race, sex, or age for systemic 

inflammatory response syndrome in patients with life-threatening injuries (N = 

702). The primary objective of their study was to assess relationships between 

systemic inflammatory response syndrome, nosocomial infection, and mortality; 

not to address health disparities in acute outcomes of life-threatening injury. 
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It is important to note that all four of the studies that compared race, sex, 

and age to systemic inflammatory response syndrome reported lno significant 

differences between those factors and systemic inflammatory response 

syndrome. A possible explanation for the difference. in results between the four 

cited studies and the findings for this dissertation is a difference in the study 

methods. In contrast to the four cited studies, patients with conditions that could 

impact occurrence or severity the systemic inflammatory response syndrome 

(and confound .results) were exclud~d from the study samples in this dissertation .. 

These conditions included blood transfusions, spinal cord injury, long-term use of 
' . 

non-steriodal anti-inflammatory drugs, and co-morbidities such as HIV or cancer 

that affect immune system function. The previously cited our studies reported no 

suc.h exclusions. 

C. Limitations and implications for practice ahd researc~ 

The studies in this dissertation are limited by the retrospective chart 

review design and the use of the trauma registry database as a secondary data · 

set. They are also limited by the indirect measurement of the systemic 

inflammatory response syndrome using the four clinically-based criteria of 

temperature, heart rate, respiratory rate, and white blood cell count, which can be 

influenced by multiple variables. A more direct measurement of the systemic 

inflammatory response following life-threatening injury would include 

measurement of white blood cell function, indicated by production of pro and anti

inflammatory cytokines. 
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The disparities identified in this dissertation indicate that vulnerable 

populations may be at increased ·risk for poor acute outcomes of life-threatening 

injuries. Nurses must able to quickly identify patients at risk for developing poor 

. · acute outcomes associate_d with occurrence and severity of the systemic -

inflammatory response syndrome (Botwinski, 2000; Kelley, 2005; Powers & 

Jacobi, 2003; Strauss, 2005), because therapies to modulate syster:nic 

inflammatory response syndrome must be administered early to be effective 

(Ahrns, 2004). For examp,e,.since the findings of this dissertation showed that -

females and marijuana users had less severity of systemic inflammatory 

response syndrome, these patient populations may be at risk for developing 

infection and ~cepsis. To reduce this risk, nurses can initiate preventive measures 

such as immune-boosting enteral nutrition (Napolitano et al., 1999). 

More research using prospective data and larger sample sizes should be 

conducted to validate the findings reported in this dissertation and to identify if 
, -

the differences in occurrence and severity of systemic inflammatory response 

syndrome among different patient groups translate to increased risk for infection, 

sepsis, and multiple organ dysfunction. __ 

0 



CHAPTER VI 

SUMMARY_ 

As outlined in the previous sections, the overall objective of this 

dissertation was to answer the question-, "Do health qisparities exist in acute 

outcomes of life-threatening injury?" The findings of this dissertation support the 

answer that health disparities, defined as increased burden of illness, exist in 

acute outcomes of life threatening injury, but more researc~ is needed. 

Novel findings of this research include: 

1. Health disparities are under-researched in injury investigations. (Specific 

aim 1) 

2. The instrument used to measure systemic inflammatory response 

syndrome is valid. (Specific aim 2). Severe systemic inflammatory 

response syndrome predi'cted intensive care unit length of stay. 

3. Health disparities exist for vulnerable populations in acute outcomes of 

_ life-threatening injury as evidenced by the following results (Specific aim 

3) 

. . 

a. Afri~an Americans and persons 30-44 years old have fewer· 

occurrences of systemic inflammatory response syndrome. 
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b. Persons who use ethyl alcohol have more occurrences of systemic 

inflammatory response syndrome than other substance users. 

c. Females and persons who u~e marijuana prior to injury have less 

severity of systemic inflammatory response syndrome than males 

and other substance users. 

d. Persons who use ethyl alcohol prior to injury have more severity of . 

systemic inflammatory response syndrome than other substance 

users. 

e. Caucasians with acute, life-threatening injuries stay longer in the 

intensive care unit than African Americans with life-threatening 

injuries. 

Nurses can use the findings of this dissertation to identify patients who 

may be at increased risk for poor acute outcomes associated with systemic 

inflammatory response syndrome, and initiate early preventive and treatment 

measures. The findings of this dissertation represent foundational research in 

the area of health disparities in acute outcomes of life-threatening injuries. More 

research should be done to validate these findings in larger sample sizes and to 

identify if the differences in occurrence and severity of systemic inflammatory 

response syndrome actually translate to increased risk for infection, sepsis, and 

multiple organ dysfunction in the sample populations. 
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. done for me. I thank you for the splendor of the whole 
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and for the mystery of love. 

I thank you for the blessing of family and friends, and for 

the loving care which surrounds me on every side. 

I thank you for setting me at tasks which demand my best 

efforts, and for leading me to accomplishments which satisfy 

and delight me. 

I thank you also for those disappointments and failures 

that le.ad me to acknowledge my dependence on you alone. 

Above all, I thank you for your Son Jesus Christ; for the 

truth of his Word and the example of his life; for his steadfast 

obedience, by which he overcame temptation; for his dying, 

through which he overcame death; and for his rising to life 

again, in which we are raised to the life of your kingdom. 

Grant me the gift of your Spirit, that I may know him and 

make him known; and through.him, at all times and in all 

places, may give thanks to you in all things. Amen. 

The Book of Common Prayer, 19 7 9 




