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ABSTRACT 

Background: Physically injured elder adults present challenges in the emergent injury 

phase. Oxidative stress contributes to cellular deterioration, resulting in decreases in 

physiological reserve. Imbalance of oxidative stress pathways lead to damage and drive the aging 

process and frailty. Goals of this study were to determine if a new plasma biomarker of oxidative 

stress is related to: 1) oxidation reduction status in patients who have experienced traumatic 

injury as well as healthy community dwellers, 2) outcomes of patients who have experienced 

trauma, 3) frailty measured by established frailty scales in healthy community dwellers.  

Methods: Prospective study included 1) trauma patients ≥65 admitted to Level I trauma 

center 2) age, gender matched healthy, community-dwelling participants. Plasma samples tested 

in duplicate for capacity oxidative reductive potential (cORP, μC; antioxidant reserve), and static 

oxidative reductive potential (sORP, mV; the current state of oxidative stress). Frailty 

assessments were performed in healthy participants using established frailty scales. ORP 

measurements were analyzed using correlation analyses. Univariate analysis analyzed cORP and 

sORP for differences by the variables gender, age, smoking, diabetes, statin use, vitamin use and 

any alcohol use in both the injured and healthy populations.  

Results: 186 subjects included in study (N=93 for both groups). Trauma groups’s cORP 

values were significantly lower in patients with diabetes (p<0.05) and patients that smoked 

(p<0.01). Similarly the healthy group’s cORP was significantly lower for those who smoked and 

those with diabetes (p<0.05). Non-vitamin use in the healthy group was related to lower cORP 

values (p<0.05). Trauma patients who smoked and those with diabetes exhibited higher sORP 

values (p<0.05). In the healthy group, sORP did not differ when considering the variables. No 
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significant differences were found based on gender, statin or alcohol use for either group. 

Significant correlation was found for both sORP and cORP with CSHA Clinical Frailty Scale in 

the healthy group.  

Conclusion: Findings suggest that the variables of smoking and diabetes are contributory 

to frailty trajectory. Data suggest the capacity to tolerate oxidative stress, measured by cORP, is 

lower in aged individuals that smoke or are diabetic and contributes to frailty as a result of 

oxidative damage. 
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CHAPTER 1: IMPROVING OUTCOMES FOR FRAIL ELDERS WHO HAVE 

EXPERIENCED PHYSICAL TRAUMA: THE ROLE OF OXIDATIVE STRESS 

Introduction 

Existing literature on physically injured elder trauma patients largely focuses on 

predicting outcomes as a result of the trauma, instead of seeking to understand why some 

patients experience poor outcomes, and how to prevent them. Understanding the mechanisms 

involved with poor outcomes, regardless of the exact nature of the physical trauma, may improve 

the way that care plans are developed for physically injured elders who are frail. Frailty is a 

biological syndrome most often encountered in elders that is characterized by decreased 

biological reserves of multiple organ systems (Clegg, Young, Iliffe, Rikkert, & Rockwood, 

2013). Insights into the mechanisms associated with frailty come from the study of the molecular 

mechanisms of aging. For the last several decades, the most accepted hypotheses for the 

molecular basis of aging has been the oxidative stress theory (Salmon, Richardson, & Pérez, 

2010). It stands to reason that oxidative stress likely plays a central role in the biology of frailty 

in elders. Table 1 provides an overview of the extant literature describing the role of oxidative 

stress in aging. 

Converging lines of evidence indicate that prooxidants and antioxidants exist in all cells, 

and those imbalances in either variable lead to oxidative stress that in turn may promote aging 

and frailty. The imbalances leads to accumulation of damage to macromolecules (Bokov, 

Chaudhuri, & Richardson, 2004) that contributes to the regulation of oxidative stress that may 

help drive the aging process and frailty (Salmon et al., 2010). Recent research on the topic of 

frailty has begun to reveal why frailty impacts certain patients, but not others. For example, 
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TABLE 1. Oxidative Stress Literature Regarding Aging and Frailty. 

Author Purpose of the Paper Conclusions Relationship to Frailty 

del Valle, 2011 

Review Article Causes of aging are 
complex. Recognition of 
causal relationships between 
some elements oxidative 
macromolecules, 
mitochondrial dysfunction 
and aging has emerged. 
 
Progressive decline in 
mitochondrial function in 
variety of tissues.  
 
DNA damage accumulates 
with age due to increase in 
ROS production. 
 

Decline related to impairment 
of election transport chain. 
 
ROS damage to proteins 
important in aging and re-dox 
balance can lead to state 
chronic inflammation. 
 
Acute and chronic 
inflammation may be 
protective in response to 
cellular injury. 
 
Antioxidants decrease with 
aging. 

Goal of the review is to focus 
theoretical analyses of 
oxidative stress and their 
biological impact. Discussion 
and review of hypothesis of 
aging, molecular and cell 
basis. Evidence was reviewed 
of alterations in biological 
events that likely account for 
age related decline in the 
ability of cells to respond to 
oxidant stimuli which 
compromises homeostasis. 
 

Salmon, 
Richardson, & 

Perez, 2010 

Review Article Clarification of health and 
life under various 
environmental conditions 
may help to clarify role of 
oxidative stress in regulating 
lifespan. Healthy aging can 
be altered by oxidative 
stress. 

Enhanced antioxidant defenses 
can exert “anti-aging” action. 
Oxidative stress may not play a 
role in aging, but does play a 
role in age-related pathologies. 
*Multiple medical co-
morbidities can impact life 
span. Chronic stress can 
accelerate features of aging 
process. Under acute stress, 
lifespan can be limited by 
supply of antioxidants. 

Oxidative stress theory 
predicts manipulations that 
alter stress/damage will alter 
aging. Previous mice studies 
demonstrated acceleration 
and declaration of oxidative 
stress was most affected 
when exposed to chronic 
stress. *Contrary to most 
beliefs certain disease 
conditions (cardiovascular, 
diabetes or neuro generation) 
chronic oxidative stress can 
modulate disease progression. 
 

Sohal & Orr, 
2012 

 

Review Article Rate of ROS production in 
macromolecules that causes 
structural damage is 
insufficient to satisfactorily 
explain age associated 
functional losses.  
 
Experimental manipulation 
of antioxidant defenses have 
proven ineffective in 
extension of life-span. 
 
ROS most recently have 
been found to be vital for re-
dox regulation. Therefore, 

Levels of oxidative damage 
often do not match magnitude 
of functional losses. 
 
Re-dox stress hypothesis 
proposes that functional losses 
are caused by pro-oxidizing 
shift in re-dox state of cells 
that leads to over oxidation of 
re-dox sensitive protein thiols. 

Examine the role of 
endogenous reactive oxygen 
nitrogen species (ROS) in 
aging process. The nature of 
the mechanisms that causes 
loss of functional capacity 
still remains unclear. Longer 
life spans appear to be 
associated with high 
physiologic reserve. This 
implies that when the 
maximum, threshold is 
exceeded survival is 
diminished. 
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TABLE 1. Oxidative Stress Literature Regarding Aging and Frailty. 

Author Purpose of the Paper Conclusions Relationship to Frailty 

Defined oxidative stress as 
disturbance in pro-
oxidant/antioxidant balance 
to mean antioxidant defenses 
are insufficient to complete 
eradiation of the ROS. 
 

complete elimination would 
be harmful. 

Harman, 1992 

Seminal Article Maximum lifespan is 
determined by rate of aging 
mitochondria.  
 
Antioxidants that slow 
mitochondrial aging without 
significant depression of 
function may increase 
maximum life span. 

Remains controversial – nature 
of free radicals is underscored 
by presence of superoxide 
dismutase that scavenges 
superoxide ions. Cellular 
oxidative damage is 
indiscriminate; still not clear if 
process contributes to aging in 
all organisms. Calorie 
restriction prolongs life span in 
all organisms. 
 

This article proposed that 
reactive oxygen species were 
a cause of aging (free radical 
theory). Postulated that aging 
changes are caused by free 
radical reactions. 
 

Kalyanaraman, 
2013 

Graphical Review Clinical implications of re-
perfusion injury, organ 
presentation, 
transplantation, photo 
dynamic therapy, dietary 
antioxidants, exercise and 
side effects of drugs are 
presented in discussion of 
Re-Dox Biology. 

Understanding the basics of 
free radicals in disease 
mechanisms is vital to 
providing effective treatment 
and enhancing quality of life. 

Succinct but limited overview 
of protective and deleterious 
effects of reactive oxygen and 
nitrogen species in a clinical 
context. Provides overview of 
reaction chemistry and role of 
various enzymes involved in 
generation and 
detoxifications in disease 
mechanism. 
 

da Cruz, 2014 

Original Article Plasma antioxidant potential 
is a better predictor of 
successful aging. There is 
little published information 
on antioxidant enzymes, and 
they do not correlate with 
any relevant clinical data.  
 
Steady state accumulation of 
oxidative stress results in 
loss of functional efficiency. 
 
TBARS (Thiobarbituric 
assay) are non-specific 
biomarkers of oxidative 
stress. 

Important to focus oxidized 
products of reactive species on 
the macromolecules. 
Longevity is associated with 
higher vitamin E, vitamin C, 
and vitamin A plasma levels. 

Purpose was to examine the 
correlation between oxidative 
damage, antioxidant enzyme 
activities and antioxidant 
potential in plasma with 
clinical parameters in elderly 
people. 
 
N=132 participants > 80 
years old. Compared 
cumulative rating scale to 
plasma samples where CBC, 
glucose, total cholesterol 
HDL, triglyceride, VCM, 
folic acid and vitamin B-12 
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TABLE 1. Oxidative Stress Literature Regarding Aging and Frailty. 

Author Purpose of the Paper Conclusions Relationship to Frailty 
levels. 
 
Study was unable to 
demonstrate clear relationship 
between plasma oxidative 
damage and clinical 
performance of old-age  
population. 
 

TBARS are not available for 
any large scale screening. 

Csiszar et al., 
2012 

Research Article First study comparing 
cellular ROS production and 
oxidative stress resistance in 
longer living and shorter 
living primates. Inverse 
correlation between species 
longevity and mitochondrial 
production due to impact of 
body mass. Association 
between longevity and 
resistance to oxidative 
stress. 

Fibroblasts from longer lived 
primate species exhibit 
superior resistance to H2O2 
induced apoptotic cell death. 
 
Oxidative stress most common 
adduced mechanistic 
hypothesis to explain variation 
in aging rate. 

Test predictions of oxidative 
stress theory and ROS in 
cultured fibroblasts from 13 
primate species. Previous 
studies lend support to 
oxidative stress hypothesis of 
aging. 
 
The cultured fibroblasts were 
exposed to high glucose to 
assess mitochondrial ROS 
methodology was skin 
fibroblast cell lines from 
primate species including 
human chimpanzee to ring-
tailed lemur. Steady-state 
mitochondrial production was 
measured with flow 
cytometry. Cells were grown 
in 96 well plates. 
 

Two sets of authors (DeVries et al., 2011 and Clegg et al., 2013) report that among a 

large cohort of physically injured elders, a subset of injured elders have low physiologic reserves 

that are associated with greater susceptibility to adverse health outcomes, dependency, 

institutionalization and mortality. While oxidative stress may play a central role in the biology of 

frailty in elders, no studies to date have clearly articulated a link between frailty, oxidative stress, 

and poor treatment outcomes after acute physical trauma in elder patients.  



 
 
 

 
17 

This chapter will consider the state of the science concerning frailty and the acutely 

physically injured elder patient. It will describe the background and significance of the role that 

frailty and oxidative stress may play when patients over the age of 65 become physically injured. 

A summary of the relevant literature on physical trauma and frailty, frailty assessment tools, and 

biological pathways associated with aging will be presented. The role of oxidative stress in 

frailty of patients who have experienced physical trauma will then be considered. Finally, this 

chapter will consider the potential benefit of one plasma biomarker of oxidative stress for 

improving care plans of frail elder patients who have experienced physical trauma, called 

Oxidative Reduction Potential (ORP). 

Literature Review 

The review of the literature was centered on several key concepts including assessments 

of frailty in injured elders, oxidative stress, and biomarkers of oxidative stress. See Table 2 for a 

list of search terms and databases utilized. This search uncovered 2,252 articles published across 

four decades. A reference librarian was consulted on several occasions to verify that the search 

strategies were reproducible. Figure 1 demonstrates the process for the inclusion of the articles 

selected for review. The inclusion criteria that were used for the selection of relevant articles 

included any articles with discussions about patients over the age of 65 that were community-

dwelling. The full text articles selected for review had to have one or more of the elements of the 

phenomena of the interrelated concepts of this author’s Model of Frailty and Acute trauma as 

shown in Figure 2. The focus of oxidative stress, acute trauma frailty, and ORP were used to 

organize the search. This search strategy evolved over time and started with the search for frailty 

assessment tools, which led to evaluation of aging theories. The aging theories then formed a 
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foundation for the search for causes of frailty and finally the search to identify frailty’s definition 

and implication in physical trauma. 

TABLE 2. Literature Review Search Strategy. 

Population Search Terms # of 
Articles Search Engine 

Patients over age 65 
Within 5 Years 
“Geriatric Assessment”, “Frail Elderly” and 

“geriatric” 
588 PubMed 

Community-dwelling 

Within 5 Years 
“Geriatric Assessment” and “frailty” 417 PubMed 

Within last 10 years 
“Geriatric Assessment” and “oxidative 

stress” 
40 PubMed 

Within last 5 years 
“Oxidative Stress” or “Biomarkers” and 

“Frail Elderly” or “Frailty 
174 PubMed 

SUBTOTAL:  1220  
SINGULAR SEARCH via 

INDEX 
From Journal of Trauma  

Within 5 Years 
“Geriatric Trauma” and “Frailty” 30 Journal of Trauma 

Grey Literature – 
www.greylit.org 

“Frailty” 
“Frailty” and “Trauma” 

0 
2 

New York Academy of 
Medicine 

EMBASE 
Conducted April 2014 

Within 5 Years 
“Geriatric assessment” and/or “frail elders” 

898 
  

“Oxidative Stress” and/or “frail elders” 77  

SUBTOTAL:  1007  

TOTAL:  2227  
Adapted from: Aromataris, E. & Riitano, D. (May, 2014). Constructing a Search Strategy and Searching for 
Evidence. AJN Vol. 114 #5 pp. 49. 
 



 
 
 

 
19 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 1. Diagram Showing Selection of Studies. 

Articles identified through Data bases (N=2,252) 
• Pub Med (N=1220) 
• Journal of Trauma (N=30) 
• Grey Literature (N=2) 
• EMBASE (N=1000) 

Studies included in systematic review 
• N=30 

By subject 
• Frailty assessment tools = 8 
• Trauma and Frailty = 12 
• Oxidative Stress = 7 
• Biomarkers = 6 

Excluded based on 
title/abstract = 2134 

Excluded full 
text articles = 88 

Full text articles assessed for eligibility 
• N=118 

Inclusion/Exclusion Criteria Applied 
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FIGURE 2. Model of Frailty and Acute Trauma. 

Growth of the Elderly Population 

A discussion about the state of the science on frailty and its biological underpinnings 

begins with consideration of the number of elders in our communities, and the impact of 

accidental physical trauma on these individuals. Trauma experienced by elders is a significant 

challenge for our health care systems. In the United States, a growing number of injured elder 
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patients over 65 years old are being admitted to trauma centers, accounting for 577,193 injuries 

per year (Calland et al., 2012; Joseph et al., 2014a). Traumatically injured elder patients 

experience higher morbidity and mortality than younger cohorts, and accidental physical trauma 

is the seventh leading cause of death among this population (Cutugno, 2011). In May 2015 the 

National Center for Health Statistics data brief reports that unintentional injuries have been 

increasing since 2000 (Kramarow, Hedegaard, & Warner, 2015). It is projected that by 2030, 

22% of the overall population will be over the age of 65 (U. S. Census Bureau, 2010). A key 

challenge to clinicians will be to understand the clinical variability of this subset of patients and 

their response to injury, which is dependent on their physiologic capacity and not chronological 

age. Because of existing poor physiological reserves, injured elder patients have a reduced ability 

to respond to the injury, or to withstand aggressive resuscitation (Clegg et al., 2013).  

Defining Frailty in the Context of Trauma 

The term frailty, when used to describe older adults, has come to be commonly used by 

clinicians and scientists. Frailty emerged as a clinically-recognized and medically distinct 

syndrome as early as 1994 (Fried, 2001). An agreed-upon definition remains elusive, perhaps in 

part because the causes of frailty are complex. Frailty has been characterized by age-associated 

declines in physiologic reserves. Physiologic reserves are the body’s capacity within organs and 

systems to sustain stressors, or the experience of experiencing injury. Functional decline across 

multi-organ systems leads to increased vulnerability for adverse health outcomes (Clegg et al., 

2013). Increasingly, researchers are becoming convinced of the multi-dimensional nature of 

frailty (Sourial et al., 2013). Within the current body of literature (Sternberg, Schwartz, 

Karunananthan, Bergman, & Clarfield, 2011) there is no consensus as to the exact definition of 
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frailty. The thesaurus online defines it as the “state of being weak in health and body especially 

from old age.” Despite a lack of agreement on a definition, the population of older adults who 

are considered frail is growing (De Vries et al., 2011).  

Even in the absence of an exact definition, many authors agree that frailty is a state of 

vulnerability that is a consequence of cumulative decline in many physiological systems (Clegg 

et al., 2013). This state of vulnerability depletes homeostatic reserves until a stressor, such as an 

acute traumatic injury, triggers a disproportionate change in the overall health status. Frailty is 

manifested with excess functional decline and dependency, as well as increased utilization of 

healthcare services leading to hospitalization, institutionalization and death (Mohler, Fain, 

Wertheimer, Najafi, & Nikolich-Zugich, 2014).  

Although frailty is often associated with co-morbid illness and functional limitations, it 

can also exist in the absence of co-morbid illness (Kasotakis et al., 2012). Frailty will therefore 

continue to be a challenge in healthcare, as societies are faced with aging populations. Because 

frailty can exist without illness, early identification will be vital. Identification, prevention, 

reduction and maintenance must be health priorities. If frailty is part of a dynamic system in 

which there are interrelated causes and consequences, its early identification prior to an acute 

event, such as acute physical trauma, is crucial to prevent or reverse the negative consequences 

of the frailty.  

Frailty in the Context of Trauma 

A recent study by Joseph et al., 2014a indicates that frailty may be more predictive of 

adverse outcomes than age alone in physically injured elders. Commonly used predictors such as 

comorbidities have substantial limitations because most are based on a single system or 



 
 
 

 
23 

subjective data provided by the patient (Makary et al., 2010). There is general agreement that as 

the relative intensity of a physical stressor increases; vulnerability also increases due to 

impairments in multiple related systems. Impairment of physical systems then lead to a decline 

in reserve and resiliency, which becomes apparent in the event of physical trauma (Bergman et 

al., 2007). The assessment of frailty at the time of emergency department evaluation prior to 

admission could be important for refinement of outcome and personalization of treatment plans, 

which are essential components of trauma management in acutely injured elders. Unfortunately, 

for the trauma clinicians, frailty is still a difficult concept to quantify, or even identify, at the 

time of the initial evaluation directly after injury.  

The challenges with the quantification of frailty have become important considerations in 

many specialties of medicine. In the only paper to be published to date on frailty in physical 

trauma, the authors acknowledge that the implications of frailty have not been studied (Joseph et 

al., 2014a). This study was the first to be published using the concept of frailty in trauma care. 

Many other previously published studies on assessing outcomes of elder trauma patients have 

utilized injury severity as a predictor for adverse outcomes (Hashmi et al., 2014). Joseph and 

colleagues highlight the key role that frailty plays in diminished physiologic reserves, and how 

that impacts prediction of outcomes. What this article contributes to the topic of frailty and 

physical trauma is that frailty, as an identified syndrome, can be distinguished in elder trauma 

patients as has been presented in articles about frailty in general. 

Currently available literature on injured elder trauma has largely been focused on 

predicting outcomes as a result of the physical trauma, rather than seeking to understand why 

these patients are having poorer outcomes. Also, the majority of these studies have been done 
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retrospectively (Hashmi et al., 2014; Calland et al., 2012; Labib et al., 2011; Joseph et al., 

2014a). See Table 3 for a brief description of articles on trauma and frailty. These traditional 

methods of prediction of outcome are limited because they are obtained post injury, and 

therefore provide limited insight in to the pre-injured physiological reserve (Kasotakis et al., 

2012). In the most recent publication, (Maxwell et al., 2015), the authors conclude that there is a 

need for determining pre-injury frailty in order to evaluate how these impairments could 

influence care processes and outcomes. An objective bedside test might be key in the 

identification of frailty at time of injury and admission to the hospital.  

Current Approaches to Assessing Frailty 

Multiple assessment tools have been used by investigators to assess frailty (Theou, 

Brothers, Peña, Mitnitski, & Rockwood, 2014). Four of the most common scales used will be 

discussed in this section. See Table 4 for a summary of the tools to be discussed. 

The Fried Frailty Phenotype (FFP) (Fried et al., 2001) is a clinician-administered tool that 

determines a summary score for a frailty phenotype. The FFP is based on a pre-defined set of 

five criteria that explores the presence or absence of signs and symptoms. The maximum score is 

0 (robust) and the minimum score is 3 (frail). The FFP total score is considered the gold standard 

for determining frailty because it measures cumulative decline across multiple physiological 

systems. This fits specifically with the definition of frailty as a clinically recognized state of 

increased vulnerability resulting from aging associated declines in reserves and function (Fried et 

al., 2001). One of the best ways to distinguish frailty from non-frailty is to evaluate a patient’s 

ability to recover from an acute stressor such as an acute physical trauma, because it 

categorically defines the risk for subsequent events (Cesari, Gambassi, van Kan, & Vellas, 2014; 



 
 
 

 
25 

TABLE 3. Trauma and Frailty Literature Review. 

Author/Year Purpose/Aim Design  Sample Findings Adaptability 
to Trauma 

Joseph et al., 
2014a 

To identify 
hospital admission 
factors predicting 
discharge in 
geriatric patients. 

Prospective 
analysis 1 year 
 
Prognostic level 2 

• All patients 
>65 years 

• Admitted to 
acute care 
hospital 

• N=100 

FI is significant 
predictor of 
unfavorable 
discharge 
disposition should 
be part of routine 
assessment tools to 
determine 
discharge 
disposition. 
 
Odds ratio 1.8 
CI 95% 1.223 
 

Direct 
applicability. 

Grossman, 2012 

Examine long term 
survival status of 
geriatric patients 
after major trauma. 

10 year 
retrospective 
 
Prognostic level 3 

• All patients 
>65 years 

• N=145 
• Who met 

inclusion 
criteria 

• In house 
mortality 33% 

Document long 
term survival with 
major injury 
including 
Traumatic Brain 
Injury. 
Substantial 
numbers were able 
to return home. 
 

Direct 
applicability 

Fleischman et al., 
2012 

Propose definition 
of futile treatment 
and quantifies cost 
in injured elder. 
 
Futile treatment 
defined as death 
within 7 days of 
hospitalization of 
at least 14 days. 
 

Retrospective 
economic analysis 
for 1 year. 
 
Level 3. 

• N=6832 
• Who died 

within 6 
months  

• Who met 
definition of 
futility 

End of life 
healthcare costs 
were significantly 
higher for those 
who received 
futile treatment. 

Direct 
applicability. 
 
Aggressive 
reductions in 
futile treatment 
will save money. 

Adams et al., 2012 

Hypothesis that 
elderly trauma 
patients would 
have different 
complications than 
younger 
counterparts. 

Retrospective 
Analysis 
 
Level 2 

• N=15,223 
• 13% of patients 

>65 years 
• 85% were 

injured via 
blunt 
mechanism 

Identified break 
point of increased 
complications and 
mortality starting 
at age >45 years. 

Direct 
applicability. 
 
Understanding 
unique patterns 
may allocate 
resources. 

Calland et al., 
2012 

Provide guidelines 
for evaluation and 
management of 
geriatric trauma 

Practice 
Guidelines 
 
Retrospective 
Review 

• 400 Medline 
citations 
between years 
2000-2008 
identified and 
screened 

Lower threshold 
for trauma 
activation for 
patients >65 year 
old elderly patients 
with more than 
one body system 
or B.D-6 should be 

Direct 
applicability. 
 
Practice guideline. 
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TABLE 3. Trauma and Frailty Literature Review. 

Author/Year Purpose/Aim Design  Sample Findings Adaptability 
to Trauma 

treated at a trauma 
center. 
 

Min et al., 2013 

Identify patient 
complications 
associated with 
greatest 
differential 
mortality risk and 
identify older 
patients with 
elevated risk. 

Secondary analysis 
prognostic 
epidemiologic 
 
Level 3 

• N=280,000 
hospitalized for 
traumatic 
injury 2001-
2005 

• Collected by 
NTDB 

• N=61,043 >65 
years 

Older patients at 
great risk for 
mortality 
associated geriatric 
complication and 
should be 
considered for 
targeted 
interventions 
 

Direct 
applicability. 

Pandit et al., 2014 

To assess the 
utility of using a 
shock index in 
predicting 
outcomes. 
Hypothesis: Shock 
Index predicts 
mortality in 
geriatric trauma 
patients because 
heart rate and 
blood pressure are 
unreliable. 
 

Prognostic 
 
Level 3 

• N-217,190 
• Mean age = 77 
• 4 year study 

(2007-2010) 
• MDB cut off 

value of 1 or 
greater 

Shock Index is an 
accurate and 
specific predictor 
of morbidity and 
mortality. 
 
Patients with 
Shock Index >1 
should be 
transferred to a 
trauma center. 

Shock Index is 
superior to blood 
pressure and heart 
rate for predicting 
mortality in 
geriatric trauma 
patients. 

Bradburn et al., 
2012 

Hypothesis that 
high risk geriatric 
protocol would 
improve outcomes 
in patients >65. 

Design 
Therapeutic 
 
Level 4 

• N=3902 
• Patients from 

2000-2010 
• ≥ 65 years 
• From one level 

2 trauma center 

Confirms 
hypothesis that 
geriatric protocol 
effectively 
identifies patients 
with occult shock. 
Prompting 
multidisciplinary 
care. 
 

Direct 
Applicability. 

Calland et al., 
2012 

Examines 
statistical 
relationship 
between trauma 
patient survival 
and key mortality 
risk factors by 
patients’ ages in 
years. 

Prognostic 
 
Level 3 

• Sample 
470,267 

• Data from 
2008 

• National 
Trauma Data 
Bank 

• Probability 
base sample 
from 100 Level 
1 and Level 2 
centers 

Key risk factors in 
trauma patient 
mortality 
dependent on 
patient’s age in 
years. 

Direct 
applicability. 
 
Different trauma 
centers can 
compare results 
with regards to 
age and mortality. 
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Morley, Malmstrom, & Miller, 2012). The FFP has been the most extensively tested for its 

validity, and is the most widely used in frailty research (Hubbard, O’Mahony, & Woodhouse, 

2009). The FFP has been utilized in over 104 studies, and comprises 69% of the publications on 

frailty assessment in a 2013 systematic review (Bouillon et al., 2013). FFP, first published in 

2001 (Fried et al., 2001), is among the three most cited on frailty. This allows a comparison to be 

made among subsequently published studies (Bouillon et al., 2013). Table 4 illustrates the five 

dimensions of the test that include weight loss, exhaustion, self-reported physical activity, timed 

walk tests and grip strength. 

The Frailty Index (FI) is a clinician-administered 70-item list of deficit accumulation 

(Rockwood et al., 1999). The FI counts deficits related to frailty. The FI detects co-morbidities 

and disability, and assumes that frailty is a consequence of a decrease in functional reserves 

(Malaguarnera, Vacante, Frazzetto, & Motta, 2013). It is measured by the quantity of deficits. It 

is considered a better indicator of aging than chronological age. The FI is calculated as a total 

score (1 for each deficit present, 0 for absent deficit). The maximum total score is 47, which is 

considered very frail. The FI has been used in 18, or 12%, of the publications on Frailty and is 

also among the three most cited papers (Bouillon et al., 2013). Frailty is defined as a disability or 

comorbidity. The FI in a systematic review by DeVries (DeVries et al., 2011) was considered the 

only tool to cover all of the frailty factors. This would be very difficult in the emergent trauma 

situation. 

The FI differs from the FFP in that it is for population studies as opposed to the 

phenotype that may be better suited for clinical practice situations because it is a 

symptomatological definition rather than defined by a group of co-morbidities (Malaguarnera et 
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al., 2013). The CSHA Scale and the FRAIL Scale were developed from the FI for adaptation to 

the clinical practice setting. All of the tools measure an accumulation of deficits, which suggests 

that frailty is an exhaustion of physiological reserves. 

TABLE 4: Frailty Assessment Tools. 

Tool 
Definition and 

Original 
Publication 

Structure of 
Measure 

Summary 
Score 

# of Items Score Ranges Reliability 
Validity Comments 

Fried Frailty 
Phenotype 
(FFP) 

Developed and 
operationalized as 
phenotype for 
frailty  
 
Fried et al., 2001 

Appraisal self-
report with 
performance 
tests 
__________ 
 
Summary Score: 
Robust, prefrail, 
frail 
Pre-frail=0-2 
Frail 3 or more 

5 Items: 
1. Weight loss-

unintentional 
> 10 lbs. in 1 
yr. 

2. Exhaustion as 
measured by 
CED-D 
Depression 
scale 

3. Physical 
Activity 
measured by 
Minnesota 
Leisure time 
activity 

4. Walk time 
measured by 
time to walk 
15 feet 

5. Grip strength 

0 is Robust 
3 is Frail  
Wt. loss greater than 
10 lbs. = frail 
Exhaustion= 

0-rarely 
1=sometimes 
2=moderate 
3=most of the 

time 
Physical Activity 

Minnesota 
Leisure time 
stratified by 
gender 

Men = <383 = 
frail 

Women = <270 = 
frail 

Walk Time 
Stratified by gender 
and height 

Men = >7 seconds 
Women = >6 

seconds 
Grip Strength 

Men = <32 
Women = <21 

Original P values  
Log predictive 
value of frail x7 
 
Cohen’s Kappa .25 
 
AUC confidence 
interval .73 

Most widely 
used scale in 
frailty 
research 

Frailty Index 
(FI) 

 

Developed and 
operationalized as 
a FI  
developed as 
deficit 
accumulation  
 
Rockwood & 
Mitnitski, 2007 

Appraisal self-
report: Summary 
Score : health as 
good=0 
fair= .5  
poor=1 

70 items including 
Co-morbidities 
Signs and 
symptoms 
Function 
Eating  
Cognition  
Function 
Mental well being 

For each deficit  
1 for deficit present  
0 for absent deficit 
Range  
The FI is calculated 
as a total score 
divided by the 
maximum total score 
= 47 

The FI correlates 
highly with 
previously 
validated frailty 
phenotype 
r=0.76Cohen’s 
Kappa .46 
 
AUC confidence 
interval .77 
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TABLE 4 - Continued 

Tool 
Definition and 

Original 
Publication 

Structure of 
Measure 

Summary 
Score 

# of Items Score Ranges Reliability 
Validity Comments 

CSHA 
Clinical 
Frailty Scale 
(CSHA Scale) 

Rockwood et al., 
2005 

Clinician 
Administered 

7 Items The scores used in 
this tool are: 
1 is top score and 7 is 
severely frail 
1. Very fit: robust, 

active, energetic, 
well-motivated 
and fit; these 
people commonly 
exercise regularly 
and are in the 
most fit group for 
their age. 

2. Well: without 
active disease, but 
less fit than 
people in category 
1. 

3. Well, with 
revealed co-
morbid disease: 
disease symptoms 
are well controls, 
compared with 
those in category 
4. 

4. Apparently 
vulnerable, 
although not 
frankly 
dependent, these 
people commonly 
complain of being 
“slowed up,” or 
have disease 
symptoms. 

5. Mildly frail: with 
limited 
dependence on 
others for 
instrumental 
activities of daily 
living. 

6. Moderately frail: 
help is needed 
with both 
instrumental and 
non-instrumental 
activities of daily 
living. 

7. Severely frail: 
completely 
dependent on 
others for the 
activities of daily 
living, or 
terminally ill. 

Cohen’s Kappa .46 
 
AUC confidence 
interval .76 
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TABLE 4 - Continued 

Tool 
Definition and 

Original 
Publication 

Structure of 
Measure 

Summary 
Score 

# of Items Score Ranges Reliability 
Validity Comments 

FRAIL Scale 
(FS) 

Morley et al., 2012 Self-Report 5 Questions 
Fatigue 
Resistance 
Ambulation 
Illness 
Loss of weight 
1 point for each 
component 
0=Best 
5=Worst 

Frail or pre=frail 
versus healthy 
 
Healthy = 0-1 
Prefrail = 2 
Frail = 3 or more 

Cohen’s Kappa .13 
 
AUC confidence 
interval .70 

FRAIL Scale 
(FS) 

The CSHA Scale is a 7-point scale based on the 70 points in the FI. The CSHA Scale 

distinguishes patients according to seven categories from (1, robust and healthy), up to (7, 

completely dependent on others for activities of daily living). The CSHA Scale has been found to 

be highly correlated (r=.80) with the FI (Theou et al., 2014). This approach works well since the 

score is based on clinicians’ judgment rather than counting deficits. This study was measured 

against FI and the FFP. This scale has not been cited as frequently as the other three scales 

because it was developed to be a screening tool as opposed to the FI and FFP. There are only 

three published studies using this scale (Bouillon et al., 2013). 

The last tool, the FRAIL Scale (FS), includes five components: fatigue, resistance, 

ambulation, illness and loss of weight. This scale was also derived from the FI. Patients are 

categorized as frail or pre-frail versus healthy (Morley et al., 2012). It is scored as follows: 0-1 = 

healthy, 2= pre-frail, 3 or more = frail. This scale allows physicians to identify frailty at an 

earlier stage. This scale is one of the three most commonly utilized, and has been used in 4% of 

the publications on frailty, in six published studies (Bouillon et al., 2013). 
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Of these frailty instruments, the two that are most commonly used are the Fried Frailty 

Phenotype (FFP) and the Frailty Index (FI). This is based on a review of the literature (Theou et 

al., 2014). The FFP model looks at frailty as a syndrome, and examines specified deficits that 

look at low physical activity, slowness, exhaustion, grip strength and weight loss (Fried et al., 

2005; Theou et al., 2014), and is based on an etiology of frailty. The FI model is based on a 

cumulative number of deficits and typically, at least 30 age-associated health deficits are 

examined. This was developed as a risk prediction tool (Mitnitski, Mogilner, & Rockwood, 

2001; Theou et al., 2014). Most recently, Theou and his associates compared characteristics of 

frailty using different frailty scales to determine whether the scales shared characteristics. The 

conclusions reached are that the frailty scores obtained with different scales in community-

dwelling adults increase nonlinearly with age, and that the mortality increases with the frailty 

score (Theou et al., 2014). 

Additional findings are that the FI appears to be the most feasible instrument to capture 

the multidimensionality of frailty with high predicative ability (Theou et al., 2014). In evaluating 

these two most commonly used tools, there is adequate data to demonstrate that the FFP and the 

FI are most widely accepted. A systematic review of frailty outcomes (De Vries et al., 2011) 

concludes that the FI covers most factors , and is not changed by any medical intervention.  

In 2012, 13 more frailty scales were introduced at a meeting of the Gerontological 

Society of America (Theou et al., 2014). Frailty assessment of the physically injured elder 

patient is important for clinical assessment. Although the methods to assess frailty discussed 

above have shown promise, none involve measurement of a plasma biomarker. The major 

limitations of the current frailty assessment tools are that they are time consuming, and not 
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readily usable in the evaluation of the acutely injured patient because of the nature of trauma 

injuries that preclude self-reporting and physical testing, for example, mild traumatic brain injury 

(concussion) (Maxwell et al., 2015). Frailty measured as a function of physiological reserves, 

and in particular oxidative stress pathway activation, may represent a worthwhile approach to 

measuring frailty in the context of acutely injured patients.  

Biological Pathways of Aging and Frailty 

Frailty can be conceptualized as a common biological syndrome in the elderly. It is 

identified by decreases in the reserves of multiple organ systems (Ahmed, Mandel, & Fain, 

2007). At the cellular level cumulative oxidative damage, or oxidative stress, has received 

scientific support as one of the pathways leading to frailty (Walston et al., 2006). Loss of 

telomeres and subsequent alterations in proteins production has been associated with decline in 

elders (Cawthon, Smith, O’Brien, Sivatchenko, & Kerber, 2003). The brain, the endocrine 

system, the immune system, and the skeletal muscle are all interrelated, and have been best 

studied in the development of frailty (Walston et al., 2006).  

The frail brain is characterized by structural and functional changes to the microglial cells 

that are the resident immune cells of the central nervous system (CNS). They are the CNS 

equivalent of macrophages, and are activated by brain injury as well as local and systematic 

inflammation. The microglia cells may be primed to react abnormally in the aged brain, and can 

become neurotoxic and destructive during neurogeneration (Luo, Ding, & Chen, 2010). Luo et 

al. (2010) further postulate that this dysfunction in the aged brain is similar to the molecular 

mechanism of general aging. This causes a decrease in the neural density, so that there is an 
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estimation of 30% loss of brain mass by age 80 primarily involving grey matter (Navaratnarajah 

& Jackson, 2013).  

The brain and endocrine system are linked intrinsically through the hypothalamic-

pituitary adrenal axis (HPA), which controls metabolism and energy use through the signaling 

action of a series of homeostatic hormones. Elevated glucocorticoids are associated with aging 

(Bishop, Lu, & Yankner, 2010). This hypothalamic regulation of hormonal pathways is 

postulated to have a role in brain aging because the hypothalamus coordinates stress response in 

part through regulation of glucocorticoid secretion (Bishop et al., 2010). Stressors that induce 

hypothalamic production of corticotrophin-releasing hormones lead to the release of the 

glucocorticoids from the adrenal glands. Chronic elevations of glucocorticoids are widely 

believed to be detrimental to hippocampal function (Bishop et al., 2010), and some believe that 

repressing the release of glucocorticoids will eventually prevent hippocampal decline. 

Nevertheless, this is still considered controversial (Bao, Meynen, & Swaab, 2008).  

In aging, production of three of the major hormones regulated by the hypothalamus is 

decreased (Clegg et al., 2013). First, there is a lessening of growth hormone synthesis by the 

pituitary gland, which causes the decreased production of insulin-like Growth Factor 1 (IGF-1). 

The primary degenerative changes in the brain may contribute to systemic breakdown in 

regulation of glucocorticoids that will pre-dispose an individual to further neurodegenerative 

changes (Clegg et al., 2013). This enhances the reduction in anabolic activity in many cells. 

Second, reduced estradiol and testosterone increase the release of luteinizing hormones and 

follicle stimulation from HPG axis. Cappola et al. (2003) find that participants in the Women's 

Health Study ages 70-79 years who have two or more deficiencies in anabolic hormones, are 



 
 
 

 
34 

more likely to be frail than those women who do not. Frailty was studied in the context of 

hormonal regulation. Third, activity of adrenocortical cells that produce sex steroids are a 

precursor to dehydroepiandrosterone decreases, and this is linked to chronically-increased 

diurnal cortisol. These changes to IGF signaling, sex hormone and cortisol secretion are regarded 

as key elements in the development of frailty (Clegg et al., 2013). Currently, IGF-I signaling and 

casual frailty links are still to be established, and IGF-I supplementation in elders are yet to 

prove beneficial (Clegg et al., 2013). The association between testosterone concentration and 

frailty has been identified, and might be a sensitive indicator (Cawthon et al., 2003). A link 

between chronically-raised diurnal cortisol levels has also been independently associated with 

frailty (Varadhan, Seplaki, Xue, Bandeen-Roche, & Fried, 2008). 

The frail and aging immune system is characterized by a reduction in the stem cells, 

changes in T lymphocyte production, blunting of B cell-controlled antibody response and 

reduced phagocytic activity of neutrophils, macrophages and natural killer cells. This has been 

studied in well-documented reports that demonstrate reduced efficiency related to the immune 

response. This is seen in the body’s immediate response to foreign invaders such as bacteria and 

viruses (Gomez, Boehmer, & Kovacs, 2005; Lord, Butcher, Killampali, Lascelles, & Salmon, 

2001). This aging system functions adequately in a normal state, but may fail in response to an 

acute inflammation. Evidence suggests that inflammation has a major role in the 

pathophysiology of frailty (Clegg et al., 2013). The individual inflammation experience over a 

lifetime plays a central role in the aging process. As immunity declines with age, low-level, but 

chronic, inflammatory processes persist, causing damage at the cellular level. Increased 

inflammation has been implicated in frailty because macrophage function becomes impaired 
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with age. There is blunted response to infection by both B cells and T cells, which are the 

mainstays of adaptive immunity (Navaratnarajah & Jackson, 2013). The chronic inflammatory 

state is measurable as high levels of pro-inflammatory cytokines, including Interleukin (IL-6), as 

well as acute phase reactants such as C-reactive protein (CRP) (deGonzalo-Calvo et al., 2010; 

Mohler et al., 2014). 

Oxidative Stress Pathways in Aging and Frailty 

Oxidative stress pathways are also believed to play an important role in the biological 

basis of aging and frailty (Thompson & Voss, 2009). Oxidative stress activation results from 

increased production of reactive oxygen species (ROS) and reactive nitrogen species (RNS), a 

decrease of endogenous antioxidants or a decrease in the activity of antioxidant enzymes such as 

superoxide dismutase (SOD), catalase and NADH peroxidase (Kohen & Nyska, 2002; Rahman, 

2007). Reactive oxygen species are classified as either radicals such as oxygen, nitric oxide 

superoxide, or non-radicals such as hydrogen oxide, hypochlorous acid, or peroxynitrate (Kohen 

& Nyska, 2002). Associations between ROS and damage from ionizing radiation and ROS and 

the aging process were first described in the 1950s (Harman, 1956). Cumulative oxidative 

damage has received scientific support that cellular damage may lead to cell death and 

acceleration in aging and age related disease (Finkel & Holbrook, 2000).  

Throughout the span of life, the resulting changes in redox balance and increase in ROS 

influences the physiological functioning of metabolism and stress tolerance. This is believed to 

ultimately accelerate the aging process. The critical role of oxidants in disease is due in part to 

lipid membranes, proteins and DNA being the biologic targets most vulnerable to damage from 

oxidative stress (Kohen & Nyska, 2002). Elevations in ROS can produce oxidative damage at the 
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molecular level to DNA, proteins and lipids. In any given individual, oxidative stress may be a 

central cause of aging (Clegg et al., 2013). Indeed, the levels of reactive oxygen species are 

increased with age, notably hydrogen peroxide (H2O2), which increases with age, resulting in 

accumulation of oxidative damage to lipids, proteins and deoxyribonucleic acid (DNA) (Wu, 

Shiesh, Kuo, & Lin, 2009). This suggests that oxidative stress pathways may be important in the 

context of aging, and perhaps especially for frailty as a key contributor to the process of aging in 

cells and tissues. Lipid, protein, and DNA oxidation products provide a potential biomarker of 

oxidative stress that may involve decreases in antioxidant concentrations or increases in their 

metabolites (Blumberg, 2004). 

Lipids 

Oxidative damage to lipids occurs as a chain reaction referred to as lipid peroxidation 

(Kohen & Nyska, 2002). Lipid peroxidation occurs in three stages: initiation, propagation and 

chain termination. Initiation involves the abstraction of the hydrogen ion atom from a methylene 

group by ROS. This results in a fatty acid radical that reacts with oxygen to form peroxyl 

radicals during the propagation stage. Peroxyl radicals can remove hydrogen atoms from 

neighboring methylene groups, thereby propagating lipid peroxidation reactions in the presence 

of oxygen. Chain termination occurs when the peroxyl radical interacts with another radical or 

with an antioxidant. Cellular membranes are particularly susceptible to oxidative damage given 

their high concentrations of fatty acids (Kohen & Nyska, 2002). Current assays for detecting and 

measuring end products of lipid oxidation include gas-chromatography-mass spectrometry (GS-

MS) enzyme-linked immunsorbent assay (ELISA) and thiobarbituric acid reactive species 

(TBARS) (Dalle-Donne, Rossi, Colombo, Giustarini, & Milzani, 2006; Shacter, 2000). Serviddio 
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et al. (2009) find that frailty is independently correlated with high plasma malondialdehyde 

(MDA). 

Proteins 

Oxidative damage to proteins can occur directly or indirectly by targeting specific amino 

acids or residues (Kohen & Nyska, 2002). This is done directly or indirectly through lipid 

peroxidation (Ashok & Ali, 1999). Oxidative damage to proteins can be induced by ROS such as 

H2O2 and HOCI, as well as environmental exposure to ultraviolet light, ozone, and cigarette 

smoke (Dalle-Donne et al., 2006; Shacter, 2000). Consequences of oxidative damage to proteins 

include enzymatic inactivation, changes in secondary and tertiary structures, fragmentation, and 

proteolytic degradation. Several products of protein oxidation have been characterized. Cysteine 

and methionine, 2 sulfur-containing amino acids are all oxidized by all species of ROS. These 

products can be measured in blood. Some of the most common assays used for detection of 

products derived from protein oxidation include sodium dodecyl sulfate polyacrylamidegel 

electrophoresis (SDS page), ELISA, and immunoblot (Shacter, 2000). Howard et al. (2007) 

demonstrate that high protein carbonyl levels are correlated with poor handgrip strength, a 

component of frailty. 

Deoxyribonucleic Acid 

Damage to deoxyribonucleic acid (DNA) is caused by both ROS and RNS. Most 

oxidative damage to DNA is attributable to hydroxyl radicals, which can attack DNA bases 

(Kohen & Nyska, 2002). Oxidative damage to DNA results in single strand and double-strand 

DNA breaks, loss of purines, modification of DNA bases, damage to the deoxyribose sugar, 

damage to the DNA repair system, and cross linkage of DNA and proteins. End products of 
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DNA oxidation include 8-hydroxy-20-deoxyquanosine (80 HDG) and can be detected via GC-

MS and high performance liquid chromatography (Dalle-Dunne et al., 2006). High serum 8-

OHdG levels are independently associated with frailty (Wu, L., Chiou, Chang, & Wu, J., 2004). 

An Oxidative Stress Theory of Aging and Frailty 

The search for a single cause of aging, such as a body system or a gene, has been 

replaced by the view that aging is a multifactorial process (Weinert & Timiras, 2003). These 

processes interact, and may operate at many levels of function in any given individual. There are 

some specific aging characteristics that characterize the aging individual, such as a decreasing 

ability to respond to stress, increased homeostatic imbalance, and increased incidence of 

pathology. Prominent aging theories include evolutionary, molecular, cellular and system-based 

models. For an overview of these theories, see Table 5. Together these theories overlap with 

respect to the likely molecular events and cellular alterations that lead to aging including organ 

and system failure. A combination of these theoretical approaches may also provide critical 

insight into the biological mechanisms of frailty and the development of biomarkers for frailty. 

The oxidative stress theory of aging predicts in its strictest interpretation that a reduction in 

oxidative stress by reducing pro-oxidant load or increased anti-oxidant defense or some 

combination will lengthen a life span (Salmon et al., 2010). The accumulation of damaged 

proteins, lipids and DNA has been postulated to decrease the cells’ and ultimately the organs’ 

ability to function (Richardson & Schadt, 2014). If, in fact, there is reduced damage to the 

systems, then that can be correlated with improvement in physiologic functions that decline with 

age. Most of the research in this area supports this prediction (Bokov et al., 2004). One of the 

shortcomings of this prior research however has been the limited ability to accurately measure 
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oxidative stress damage. The data does not necessarily support this theory, but the data is 

consistent with the oxidative stress theory (Bokov et al., 2004). The two corollaries to this theory 

are that decreased levels of oxidative stress retard aging and increased levels of oxidative stress 

accelerate aging. 

TABLE 5. Mapping of Biological Theories on Aging. 

Biological 
Level/Theory Origin Description 

EVOLUTIONARY 
1940s - when Huntington’s Disease 
was a dominant lethal mutation 
because of late onset allowing carrier to 
reproduce before dying 

Mutation accumulation that affect overall health 

MOLECULAR 
Gene regulation early 1980s confirmed 
both maternal and paternal genomes 

Aging results from expression of gene regulation and that 
molecular damage accumulates primarily as a result of 
DNA/genetic material 

CELLULAR 

1965 - Dr. Hayflick’s description of 
cell division in human cells - 2009 
Nobel Prize for how chromosomes are 
protected by Telomeres 

Cellular senescence-Telomeres theory – Telomeres length 
regulates cell length – permanent cell arrest 

Denham Harman 1950s Free radical – free radical reactivity is inherent in biology 
results in cumulative damage caused by oxidative stress 
contribute to aging due to damage to the cells  only 
theory to “stood test of time.” 

1882 - Dr. Weisman in Germany Wear and tear – accumulation of normal injury as a result 
of rate of oxygen basal metabolism – that damaged DNA 
cannot repair itself 

Origin Word Greek – first described in 
19th century by Carl Vogt 

Apoptosis – cell death from genetic or genome crisis 

SYSTEM 

2001 -  Rodenbeck, Hajak and 
Thyagarajan – Loss of Neuro 
endocrine transmitter 

Neuroendocrine aging results from changes to neural and 
endocrine functions, peaks at puberty and then gradually 
declines. There is increase in hypothalamus-pituitary-
adrenal axis causing increase in plasma cortisol levels 

1970 - Immunologic Immunologic aging results from decline in immune 
function  
Involution of thymus gland shrinks 

Rate of living Rate of living – assumes fixed amount of living for every 
organism – the more that happens at a young age, the 
greater the probability of shorter life 
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Biomarkers of Oxidative Stress to Measure Frailty 

Thus far in this chapter we have looked at the correlation of biological and physiologic 

causes of frailty. Biomarkers have been used to monitor disease and deterioration of older adults 

(Thompson & Voss, 2009). There has been considerable research on products that can test for 

various components of oxidative stress signaling (Jones, 2006). Despite the efforts to validate 

these assays, there is not a consensus on a routine clinical test. Disease oriented research often 

tests the pro-oxidant side, while nutrition side tests the antioxidant side (Jones, 2006). Oxidative 

stress can be assessed in the blood compartment, and is able to add prognostic information to the 

clinical examination. 

Biomarkers of oxidative stress have been defined as individual molecules that are 

changed by interaction with ROS in the microenvironment, and the molecules of the antioxidant 

system change in response to the increased re-dox stress (Ho, Galougahi, Liu, Bhindi, & Figtree, 

2013). The causal role of the oxidation modification is recognized as a predictor of the validity 

of the marker. Clearly, other factors affecting the clinical applications include the ease of 

obtaining the biological sample as well as the specificity, sensitivity and reproducibility of the 

assay. Most of the current methods that Ho and associates discuss are limited because they only 

measure single markers (Ho et al., 2013).  

There are a number of biomarkers that are currently being used to measure oxidative 

stress, and each of these has strengths and limitations with their clinical application. The first of 

these, isoprostanes (IsoPs), are found in the family of prostaglandin-like compounds. Sources of 

free radicals for the IsoPs include mitrochronical electron transport of superoxide and hydroxyl 

radical (Ho et al., 2013). IsoPs are released from the cell membrane into tissue, blood, and urine. 
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IsoPs can be assessed in plasma and urine and tissue using gas-chromatography-mass 

spectrometry, enzyme-linked immunosorbance assays (ELISA). One strength of this biomarker 

is the ability to test blood and urine samples, which has been correlated in a number of animal 

and human studies (Griffiths et al., 2002). The limitations of this test are that this technology is 

impractical for large scale screening, and to date, there has been no evidence linking this 

biomarker to clinical outcomes (Ho et al., 2013).  

Another biomarker of oxidative stress is malondialdehyde (MDA). MDA is generated in 

vivo via peroxidation of fatty acids (Ho et al., 2013). MDA is typically quantified from plasma 

using a colorimetric assay between MDA and thiobarbituric acid. Technically easy to quantify 

using spectrophotometrically, the TBARS assay is suitable for high-throughput analysis. This 

shows some promise as a plasma biomarker, however sample preparation has been found to 

affect results ( Ho et al., 2013). 

Oxidized low-density lipoprotein and oxidized phospholipids (OxLDL) are a third 

biomarker of oxidative stress. OxLDL formation occurs primarily within the vascular walls, 

where it is then taken up by macrophages via scavenger receptor pathways to form foam cells. 

The accumulation of OxLDL stimulates the endothelial cells to produce proinflamatory 

cytokines (Ho et al., 2013). This can be measured with an ELISA assay by quantifying the 

oxidized phospholipid molecules using various monoclonal antibodies for detection. Although 

still used primarily in research, it does have technical advantages for screening large populations.  

A major limitation of all of these oxidative stress biomarkers (and the processes used to 

measure them) is that they give an incomplete picture of the true oxidative environment that only 

reflects redox status at a single point in time, and only after oxidative damage has occurred. 
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Another limitation is that many current markers require expensive and sophisticated 

instrumentation that are time consuming, and may only be available in research laboratories (Ho 

et al., 2013). Simm et al. (2008) in a discussion on biomarkers of aging, advocate the urgent need 

for simple, reliable assays for clinicians. Table 6 provides a list of pertinent studies as it relates to 

biomarkers. The series of papers from Rael and associates (Rael et al., 2007; Rael et al., 2009a; 

Rael et al, 2009b) has described the Oxidation Reduction Potential (ORP) as a comprehensive 

measure of redox status. What is important about these studies is that they establish the oxidation 

reduction potential in the assessment of the overall Re-dox status, in addition to establishing 

potential usefulness in determining the clinical conditions of elevated ORP. Their findings 

suggest multiple pathways of reactive oxygen species, and the common biochemical targets of 

the species present in multiple organs. 

Oxidative Reduction Potential as an Aggregate Marker of Oxidative Stress  

Understanding the possibility of Oxidation Reduction Potential (ORP) as a marker of 

oxidative stress begins with further consideration of the various components involved in 

oxidative stress pathways. Cells require the antioxidant systems to neutralize ROS. Nicotinamide 

adenine dinucleotide phosphate (NADPH oxidase) generates superoxide by transferring electrons 

inside the cell across the membrane, coupling these to molecular oxygen to produce superoxide 

anion. During times of physiological stress, the levels of ROS can rise dramatically. There are 

several isoforms of NAPH oxidases that are generated, Nox 1 (phagocytes), Nox 2 (neutrophils), 

Nox 3 (host defense), Nox 4 (protects against inflammation) and Nox 5 Calcium binding 

(Kalyanaraman, 2013).  
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TABLE 6. Biomarkers, Oxidative Stress Frail, Elderly. 

Author/Year Purpose/Aim Design  Sample Findings 
Adaptability 
to Oxidative 

Stress 

Ho, 2013 

Review Article Review of 
several 
biomarkers of 
oxidative stress 
that have 
clinical 
implications. 

Not 
Applicable 

Demonstration 
of potential high 
throughput 
measurement in 
research and 
clinical settings. 

Several 
biomarkers show 
promise to be a 
valid marker that 
is stable and easy 
to obtain. 

Identifying markers 
of oxidative stress to 
accurately quantify 
ROS is a challenge 
with short half-life. 
Popular approach is 
the measurement of 
stroke by-products. 

Simm et al., 
2008 

Review Article Review of 
biomarkers 
based on 
oxidative stress, 
protein, 
glycation, 
inflammation 
cellular 
senescence and 
hormonal 
deregulation. 

Not 
Applicable 

Biomarkers of 
human aging 
are urgently 
needed.  
 
Most current 
markers are not 
pure and 
measure 
disease.  
 
Most current 
measures are 
not routine for 
any clinical lab. 

5 possible 
biomarkers are 
identified: 
1.  8-OHDG  
2. MDA 
3. HNE 
4. OX LDL 
5. CARBONYL 

GROUPS 
(proteins) 

Discussion of what 
criteria biomarkers 
of aging should do. 
Which is predict rate 
of aging, monitor 
basic processes, be 
able to be repeatedly 
tested, and that the 
biomarker be tested 
in humans and 
animals. 
 

Rael et al., 2007 

Research Article Comparative 
Study 
Experimental 
Design 

• Total 
N=39 
from 
multi-
trauma 
patients. 

• N=10 
health 
patients  

• ORP 
measured 
during 
admission 
and 
discharge 

ORP increases 
during first few 
days following 
poly trauma 
until it is 
maximized. 

Monitoring might 
be useful for 
assessing degree 
of oxidative 
stress. 

Purpose to test 
contribution of 
traumatic insult to 
amount of oxidative 
stress in plasma. 

Rael et al., 
2009b 

Research Article Comparative 
Study 
Experimental 
Design 

• Total 
N=140  

• N=21 
healthy 

ORP can 
differentiate 
degree of 
oxidative stress 

Direct 
Applicability.  
ORP monitoring 
might be a useful 

Purpose to test 
contribution of 
traumatic insult to 
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TABLE 6. Biomarkers, Oxidative Stress Frail, Elderly. 

Author/Year Purpose/Aim Design  Sample Findings 
Adaptability 
to Oxidative 

Stress 
amount of oxidative 
stress in plasma. 

volunteers 
• N=41 
• ISS scores 

46 
• N=78 ISS 

>16 

based on injury 
severity and 
degree of 
inflammation. 

clinical tool. 

Rael et al., 
2009a 

Research Article Comparative 
Study 
Experimental 
Design 

• Total 
N=98 

• N=22 
healthy 
volunteers 

• N=32 
severe TBI 

• N=26 
trauma no 
TBI 

• N=18 
minor TBI 

• March 
2006 to 
December 
2007 

Following acute 
TBI oxidative 
stress plays key 
role in primary 
and secondary 
injury. 

Direct 
Applicability.  
ORP monitoring 
might be a useful 
clinical tool. 

To test the 
contribution of TBI 
to the amount of 
oxidative stress in 
plasma. 

Superoxide dismutase (SOD) catalase and glutathione (GSH) peroxidase ameliorate the 

damaging effects of the hydrogen peroxide and superoxide by converting these compounds to 

oxygen and hydrogen peroxide, which is later converted to water as seen in Figure 3. SOD does 

not necessarily prevent formation of H2O2 (Hydrogen peroxide). Catalase is more important 

when H2O2 levels are lower. Concentrations of H2O2 glutathione peroxidase are responsible for 

detoxifying H2O2. Protein thiols play an important role in determining the re-dox status of cells. 

Detection of GSH (S-glutathionylation) is also useful. This all becomes important because it is 

postulated that plasma antioxidant potential is a more effective predictor of successful aging (da 

Cruz et al., 2014). In a study of ROS in cultured fibroblasts from 13 primate species, the research 
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supports the oxidative stress hypothesis of aging as is represented in Table 1. (Csiszar et al., 

2012).  

Oxidative stress in the physiological setting can be defined as an excessive bioavailability 

of reactive oxygen species (ROS), and is a net result of imbalance between production and 

destruction of reactive oxygen species, which are influenced by antioxidant defenses. The 

damage to the macromolecules (i.e. protein, DNA, or lipids) by ROS has been implicated as a 

key contributor to the process of aging in cells and tissues (Kregel & Zhang, 2007). Reactive 

oxygen species (ROS) include unstable oxygen radicals such as superoxide radical, and hydroxyl 

and non-radical molecules such as hydrogen peroxide (del Valle, 2011). Overproduction of ROS 

includes the exhaustion of endogenous stores of antioxidants. ROS can damage DNA, RNA, 

proteins and lipids. According to this theory, this damage contributes to aging. ROS are 

constantly formed and removed by anti-oxidant defenses (Kalyanaraman, 2013). Figure 3 

provides an overview of the pathways involved. This Figure illustrates ROS and NO are 

generated by both appropriate stimuli, such as normal skeletal muscle and endothelial function, 

and inappropriate stimuli, such as decreased blood flow and glucose transport. Plasma 

antioxidants include thiols, vitamin C, tocopherol, β-carotene, lycopene, uric acid, bilirubin and 

flavonoids. Enzymes such as superoxide dismutase (SOD) catalase and glutathione peroxidase 

are involved in the conversion of ROS into less-reactive species. These molecules may become 

toxic unless rapidly removed by the pathways depicted in Figure 3.  
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FIGURE 3. ROS/RNS Species Formation and Antioxidant Defenses. (Reproduced with permission 
from Newsholme, Homem De Bittencourt, O’Hagan, Devito, Murphy, and Krause. (2010). Clinical Science 118, 
341-349 the Biochemical Society.) 
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Oxidation Reduction Potential (ORP) is an electro-chemical assay that is an integrated 

measure of complete reactive oxidation species (ROS). Plasma ORP measures both oxidant and 

anti-oxidants in order to assess accumulation of oxidative damage in the macromolecules. ORP 

measures two important aspects of the oxidative stress system: static ORP (sORP) and capacity 

ORP (cORP). sORP is the “classically” termed ORP, in which the standard potential between a 

working electrode and a reference electrode is measured as current (millivolts). sORP reflects the 

total balance of oxidants and antioxidants, or, in other words, the tendency of the system to either 

donate or take up electrons. cORP is a measure of antioxidant reserve available in the body’s 

circulation. Both aspects of ORP represent an aggregate measurement that incorporates the 

overall quantitative balance between the oxidants and the antioxidants. By utilizing plasma ORP 

as a way to measure oxidative stress, it is hypothesized that the plasma ORP results can provide a 

view of the entire redox status of a patient  

Advantages of Measuring Plasma Oxidative Reduction Potential (ORP) 

A rapid biomarker test to detect the presence of frailty in this population might guide the 

treatment and discharge planning of the injured elder patient, which might improve outcomes. In 

the acute physical trauma episode, there are no known rapid measures to assess frailty in the 

injured elder population. The current frailty scales (previously discussed) require self-report and 

physical testing that cannot be performed on elder injured patients emergently following physical 

trauma. A plasma biomarker such as the ORP might be a direct quantification of frailty that 

would have application in emergent trauma situations. Indeed, preliminary results from a small 

study of 153 patients with traumatic hip fractures demonstrates a strong correlation with 

biomarker levels and co-morbidities (p<0.05) (Bourg et al., 2013; Bourg, Caputo, & Bar-Or, 
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2014). It is important for the ORP measurement to be validated as a reliable assessment of re-dox 

status, as it is minimally invasive, fast and requires only a small sample volume.  

Conclusion 

In the United States, the population of the aged is growing rapidly. Aging is characterized 

by progressive decline in physiological reserves of all systems and varies by individuals. This 

decline in the reserves, and hence the compromise of an individual’s reserves and resiliency, is a 

key indication of frailty. Age and frailty commonly co-exist, but not always. Frailty has been 

conceptualized as a distinct medical syndrome that is clinically recognizable when there is a 

critical mass of symptoms (Fried et al., 2009).  

As was previously discussed in the section on current approaches to frailty, there are a 

number of tools that have been validated to measure the syndrome. Physiologically, it is 

theorized that frailty results when the reserves or homeostatic functions cross a threshold of 

combined declines in functions, sometimes exacerbated by disease (Fried et al., 2009). The 

function of balance in all probability occurs as a result of the compromise of the stress response 

mechanisms (Csiszar et al., 2012). Fried et al. found that the number of abnormal systems, 

specifically three or more, are more predictive of frailty. That particular finding supports the 

notion that there is a critical threshold level where frailty becomes evident (Fried et al., 2001). 

Measuring frailty might be prognostic to help in decision making between invasive, 

conservative or palliative care especially at the time of injury in the elder patient. Frailty 

assessment tools may quantify an individual’s measure of frailty and a potential for specialized 

outcomes. As noted earlier in this discussion, these frailty assessment tools are not applicable in 

the chaotic setting of acute trauma. 
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In the acute physical trauma episode, there are no known rapid measures to assess frailty 

in the injured elder population. The current frailty assessment tools require self-reporting and 

physical testing that cannot emergently be performed on elder injured patients following physical 

trauma. A rapid biomarker test to detect the presence of frailty in this population might guide the 

treatment and discharge planning of the physically injured elder patient, which could improve 

hospital discharge outcomes. Direct quantification of frailty by way of a biomarker for oxidative 

stress may have application in emergent trauma situations.  

Assessment of a biomarker of frailty that can be used easily at the ED bedside (and 

beyond to define optimal care) should be useful to help guide care decisions for elders who have 

experienced significant physical trauma. Currently there is no gold standard test for frailty, but 

rather an assortment of clinician-administered assessments. The absence of a uniform assessment 

tool to measure frailty in trauma that measures the decreases in the reserves of the multiple organ 

systems emphasizes the need for use of the ORP. For a tool to be effective in this population it 

should take into consideration the following issues: altered consciousness, pain and sedation, and 

the length of time required for a frailty assessment, which could be overwhelming for an injured 

elder, or their relatives or companions at the time of injury and admission.  

If an assessment tool is easy to use in an acute, emergent situation, then it will be more 

likely to be used. To date, there has not been a frailty assessment tool for elder trauma patients 

that can be used to structure care from time of injury through the initial hospital admission. All 

of the studies published on physical trauma have been done retrospectively after the patient has 

been discharged (Hashmi et al., 2014). 
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Leading experts at the International Association of Gerontology and Geriatrics Global 

Aging Research Symposium have proposed a collaborative effort to develop a clinical 

assessment tool aimed at targeted interventions (Chen, Mao, & Leng, 2014). The goal in physical 

trauma care will be to reduce adverse health outcomes in the injured elder trauma patient. It has 

been suggested in the Evaluation and Management of the Geriatric Patient (EMGP) published by 

the Eastern Association for the Surgery of Trauma Guidelines that not all complications can be 

prevented (Calland et al., 2012). Age in and of itself does not correspond with increased risk of 

poor outcome, but frailty or the combination of co-morbidities can impact outcomes (Clegg et 

al., 2013). 

The recommendations in the EMGP for trauma include the use of a quantitative bedside 

biological assessment tool to assess frailty as clinicians seek to clarify how the concept of frailty 

impacts older injured patients. This information could then be on the electronic health record, so 

that all providers and care givers can incorporate frailty implications in their care. Use of a frailty 

assessment tool or a plasma biomarker in the pre-operative period following physical trauma 

might guide patient and family expectations in the elucidation of treatment choices. Frailty 

scoring parameters must be defined and validated. As a result, a tool that can be used as an 

evaluative measure for frailty in the injured elder patient would be a powerful clinical advantage 

in providing care emergently at the time of injury and early hospitalization course. The ORP 

bedside test represents the first plasma biomarker to be developed for use in assessing oxidative 

stress as it relates to frailty. 

There are many gains being made in the biological mechanisms of frailty. The research is 

being directed to the physical causes of frailty, which continues to fuel the search for elusive 
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frailty biomarkers (Simm et al., 2008). The implementation of a validated, frailty assessment tool 

to identify frailty in the clinical setting is warranted to target timely and effective care 

interventions. 
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CHAPTER 2: THEORETICAL FRAMEWORK OF THE DEVELOPMENT OF A 

SITUATION-SPECIFIC MODEL OF THE ACUTELY PHYSICALLY INJURED 

GERONTOLOGICAL PATIENT THAT IS MEASURED BY PLASMA BIOMARKER 

OXIDATIVE REDUCTION POTENTIAL 

Introduction 

This chapter proposes a model of situation-specific care for the acutely physically injured 

elder patient in the context of frailty. In the state of the science introductory chapter, a case was 

argued for how a plasma biomarker that measures frailty, at the time of the initial evaluation in 

the ED at the time of admission, might impact the care trajectory of patients. If a plasma 

biomarker evidence of the redox potential can be determined for frailty and trauma, then care 

trajectories can be established. This will be the focus addressed in this chapter that identifies the 

theoretical approach to validate the plasma biomarker Oxidation Reduction Potential (ORP) as 

the presence of oxidative stress. Beginning with a review of frailty assessment tools and 

followed by evaluation of aging theories, a conceptual definition of frailty was identified and 

implications for care considered. Frailty is a biological syndrome in the elderly identified by 

decreases in reserves of multiple organ systems (Clegg et al., 2013). This chapter proposes a 

Model of Frailty and Acute Trauma (MFAT) for studying outcomes in elders after trauma that 

incorporates quantitative measures of oxidative stress as measured by static ORP and capacity 

ORP. 

A key challenge for clinicians is to understand the clinical variability of elders (both frail 

and non-frail). Elders’ response to physical injury appears to be dependent on their physiologic 

capacity and not chronological age alone. Because of diminished physiological reserves, geriatric 
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patients have a reduced ability to respond to the physical injury or withstand aggressive 

resuscitation ( Clegg et al., 2013). These physiologic impairments are separate from the normal 

process of aging (Kulminski et al., 2008), placing physically injured elders who are frail at 

greater risk of morbidity and mortality (Bergman et al., 2007).  

The MFAT will provide a framework for emergency and trauma nurses in a 

contemporary nursing care environment. As developing nursing theory and knowledge is an 

iterative and ongoing process, in the context of frail elders, I am applying a situation-specific 

model to focus attention on a specific set of phenomena, a particular situation, and a limited set 

of questions. From the nursing perspective, essential elements that provide a link among theories 

include research and strong connections to clinical practice.  

Im and Meleis propose that a hallmark of Situation-Specific Theory is the integration of 

research, practice, and theory as one (Im & Meleis, 1999). In theory synthesis, Walker and Avant 

discuss a similar concept that practice-related research is brought to an integrated whole by 

linking pieces of knowledge into a cogent format, as is done with this situation-specific model 

(Walker & Avant, 2011). Situation-Specific Theories are more concrete and united to a specific 

clinical situation or specific population than other levels of theory (Im & Meleis, 1999).   

In the processes of nursing knowledge building and theory development, clinical practice 

issues need to be addressed that are relevant to everyday nursing practices. Joseph and 

colleagues were the first investigators to identify the concept of frailty in physically injured elder 

patients, making relevant the topic to their trauma care (Joseph et al., 2014a). As my awareness 

of this problem of frailty in elder physical trauma patients increased, I realized that a pragmatic 

approach to studying this problem coupled with a relevant theory could contribute to developing 
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emergency trauma nursing knowledge. This is consistent with Reed’s (Reed, 1996) concept of 

theory development, which she called guerilla theorizing, which describes developing 

explanations of phenomena “in the wild [field]”.  

Proposed relationships between concepts were informed by an earlier study I completed 

in the field of acute physical geriatric trauma. In that project, plasma venous lactate levels were 

measured, and early trauma surgeon consultation was evaluated. The results from the study 

demonstrate decreased mortality and morbidity in those with elevated venous lactate (Bourg, 

Richey, Salottolo, & Mains, 2012). Results of implementation of a Geriatric Physical Trauma 

Protocol shows that not all geriatric patients respond to treatment in the same way despite the 

consistency with which the protocol is applied (Bourg et al., 2012; Salottolo, Mains, Offner, 

Bourg, & Bar-Or, 2013). These patients may have been an increased risk of in-house mortality 

that is independent of adherence to the protocol (Bourg et al., 2012). Inconsistent response to 

consistent treatment led to more questions about why their outcomes differed. Frailty as an 

independent marker of affecting physiologic response to physical injury was hypothesized as a 

possible source of differences between patients’ discharge outcomes.  

In a subsequent investigation, we conducted a prospective study of 1,153 patients coupled 

with in-depth review of the literature. The concept of frailty emerged in the 2nd study as a 

potential explanation for why some acutely physically injured elder patients fared better than 

others (Salottolo et al., 2013). The previous focus of these studies was on the prediction of 

outcomes at the time of discharge. What has yet to be determined is if a frailty assessment score 

upon initial physical injury at the time of the ED evaluation and hospital admission can help to 

guide care from the onset.   
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Model of Acute Trauma and Frailty 

The Model of Frailty and Acute Trauma (MFAT) represents frailty as it relates to acutely 

physically injured elder patients upon initial emergency department evaluation and subsequent 

admission to the acute care hospital. Figure 2 demonstrates the phenomena of the interrelated 

concepts that impact the acutely physically injured elder trauma patient. The model illustrates 

how oxidative stress contributes to frailty, and how in the setting of acute physical trauma it can 

impact patient discharge outcomes. A state of vulnerability depletes homeostatic reserves until a 

stressor, such as an acute traumatic physical injury, triggers a disproportionate change in the 

overall health status. I will be proposing that a direct quantification of oxidative stress would 

have application in emergent trauma situations. 

Conceptual Development 

Frailty 

Frailty is believed to be a state of vulnerability that is a consequence of cumulative 

decline in many physiological systems (Clegg et al., 2013). This physiological decline depletes 

homeostatic reserves until a stressor (an acute physical trauma injury) triggers a disproportionate 

change in the overall health status. Although clinicians and researchers admit uncertainty around 

the definition of frailty, generally there is agreement that as stressors increase, there is increased 

vulnerability due to impairments in multiple related systems that lead to a decline in homeostatic 

reserve and resiliency (Bergman et al., 2007).  

Aging 

In an article in 2009, Richard Sprott asks the question, ”How does one clearly define 

aging?” (Sprott, 2010). To make sense of the number of theories on aging that exist, a mapping 



 
 

56 

of biological theories on aging is presented in Table 5. The definition of aging that impacts 

frailty is believed to be a result of lifelong accumulation of molecular and cellular damage 

(Clegg et al., 2013). There is a large volume of data on the contribution of oxidative damage to 

the mechanism that underpins aging. These theories have guided the methodological 

development of current aging research. For the last several decades, the most accepted 

hypothesis for the molecular basis of aging has been the Oxidative Stress Theory (Salmon et al., 

2010). At the cellular level, cumulative oxidative damage has received support as one of the 

pathways leading to frailty (Waltson et al., 2006).  

Oxidative Stress 

We need models that can represent what is happening in the acute trauma episode. 

Presence of oxidative stress as measured with a plasma biomarker might support the scientific 

evidence that oxidative stress has a significant role in the aging process. Accumulation of 

oxidative damage in macromolecules (i.e. DNA, proteins, lipids) likely causes cellular damage 

and contributes to aging (del Valle, 2011). This, in theory, is due to the redox imbalance. 

Reactive oxygen species (ROS) include unstable oxygen radicals such as superoxide radicals, 

and hydroxyl and non-radical molecules such as hydrogen peroxide (del Valle, 2011). ROS are 

constantly formed and removed by anti-oxidant defenses (Kalyanaraman, 2013). 

Overproduction of (ROS) exhausts endogenous stores of antioxidants. Since ROS can 

damage DNA, RNA and proteins, in theory, that can contribute to aging. In concept, products of 

ROS attack macromolecules such as lipids, DNA, or proteins. At that point, the accumulation of 

ROS-induced structural damage is responsible for senescence-related functional losses (Salmon 
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et al., 2010). Oxidative stress as a result of ROS can, if not eliminated, inflict structural damage 

on various macromolecules.  

Plasma Oxidative Reduction Potential (ORP) as Biomarker to Measure Frailty 

Plasma ORP represents an aggregate measurement that incorporates the overall 

quantitative balance between the oxidants and the antioxidants. Oxidative stress in the 

physiological setting can be defined as an excessive bioavailability of reactive oxygen species 

(ROS) that is a net result of an imbalance between production and destruction of reactive oxygen 

species, which is influenced by antioxidant defenses. Reactive oxygen species (ROS) include 

unstable oxygen radicals such as superoxide radical, and hydroxyl and non-radical molecules 

such as hydrogen peroxide (del Valle, 2011). At its core, a biomarker is any biochemical, 

functional, or physical indicator that reliably changes in relation to disease or injury (Simm et al., 

2008). By utilizing plasma ORP as a way to measure oxidative stress, support may be found for 

the plasma ORP results as a view of the redox status.  

Model Development 

Steps taken to develop the MFAT initiated from a practice exemplar that generated the 

problem that patients died in spite of following the clinical practice protocol. Literature on frailty 

was reviewed along with a retrospective records review of physically injured elder trauma 

patients who had poor outcomes (Bourg et al., 2012). As a result, the question emerged: How 

does frailty impact acute physical trauma care in patients over the age of 65 years? A pilot study 

was conducted including 153 participants over the age of 65 with acute traumatic hip fractures 

tested the frailty concept and its relationship to the biomarker testing Oxidation Reduction 

Potential (ORP) (Bourg et al., 2013;  Bourg et al., 2014). The initial findings from the pilot study 
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support measuring ORP capacity levels as an integral component of a frailty score for physically 

injured elders. Next, concepts were defined, operationalized, and relationships proposed. Table 7 

illustrates the concepts, empirical definitions, operational definitions and proposed measurement 

methods to evaluate the model of MFAT.  

Conceptual Relationships 

Relationships between concepts in the MFAT are portrayed in Figure 2. The left side of 

the figure represents the factors that precede the phenomenon of frailty as it applies to the aging 

physically injured trauma patient over the age of 65 years. The symbols +, -, identify factors with 

positive and negative relationships to frailty.  

Model Testing 

The next step in the development of the model will be to test it. Testing of a model is 

essential if used as a guide to validate changes in practice and the development of knowledge 

(Ellis, 1969). Findings from a Situation-Specific Model such as this one can advance a nursing 

practice model useful in specific practice situations (Im, 2014). Specifically, operational 

definitions within the model can then be measured empirically.   

The clear purpose of this Situation-Specific Model is to represent the phenomenon of 

frailty as it relates to acutely physically injured elder patients. The context is the initial 

emergency evaluation and subsequent admission to the acute care hospital. Table 7 illustrates the 

conceptual operational definitions of the interrelated concepts, as well as the proposed 

measurement methods to evaluate the model. 
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TABLE 7. Concept Operationalization for MFAT. 

Conceptual 
Definition Operational Definition Empirical Definition 

Oxidation 
Reduction Potential 

ORP is an electro-chemical assay that is an 
integrated measure of the balance between total 
oxidants the effect of (Superoxide radical, hydroxyl 
radical, hydrogen peroxide, nitrous oxide, 
peroxynitrate) and total reductants (vitamin e, 
vitamin A, vitamin C, and beta-carotene). In redox 
reactions, the energy released in the reaction is due 
to the movement of charged particles which gives 
rise to a potential difference. This test measures the 
electron transfer. 

The static ORP measurement is the potential at 
equilibrium at the time of the sample being 
analyzed. Capacity is measure of antioxidants 
reserve in the sample and is measured by 
oxidizing the antioxidants with a small current 
applied to the sample in a titration manner. Higher 
static ORP values indicate an imbalance in favor 
of the oxidants. High capacity indicates 
abundance of antioxidants, and is not normal.  
ORP is reported in m volts as capacity in (mu 
µColumb). The ORP sensor is inserted into the 
system and a sample of 40 microliters of plasma is 
added to the indicated area. The test begins when 
the sample is in contact with the reference cell. At 
the end of 4 minutes both the static and capacity 
levels are displayed and stored in memory. 

Outcome: 
Consequence 
Final Product 

Indicates what happens to patients with certain 
conditions that receive hospital care  

Outcome: Mortality 
(Alive or Dead) Is used as an outcome parameter of trauma care. Condition on discharge from the hospital. 

Outcome: 
Discharge to home 
or skilled nursing 
facility 

The patients return to their own home or to a 
rehabilitation facility. Where patient is discharged to from the hospital. 

Conclusion 

The MFAT of the acutely physically injured elder patient is a new conceptualization of 

factors impacting outcomes of trauma for frail elders with potential to explain and predict 

differences in outcomes. All over the world, emergency nurses are caring for the acutely 

physically injured elder patient. There is a need for these nurses to understand and measure 

oxidative stress, and how it is interrelated to frailty. Once the results are known, then care can be 

implemented. The advantage of the ORP is that it is simple, quick, and can be assessed at the 

bedside. If effective, ORP can assist in guiding care from the onset of injury and perhaps alter 

the course of patient’s hospital outcome.
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CHAPTER 3: METHODOLOGY 

Introduction and Study Aims 

This chapter will define the methodology that was used to accomplish the major goal of 

this dissertation project, which was to investigate the potential of a plasma biomarker of 

oxidative stress. The proposed study used previously banked blood samples, demographic 

information, treatment outcome information and other phenotypic data about frailty that have 

been previously approved via prior Institutional Review Board (IRB) studies. The plasma 

samples used in this study were collected as part of two previously approved IRB studies: 

“Specimen Collection of Blood, Urine and CSF” (SCP) and “Evaluation of Frailty in the Elderly 

with Oxidative Stress Potential (ORP) Test” (EFEOS). The PI was given permission to analyze 

the banked plasma specimens. The two previous studies from which these banked samples and 

demographic data were taken included age, gender, ISS and discharge outcomes for the injured 

participants. Results of the frailty assessments for the community-dwelling participants 

originated in “Evaluation of Frailty in the Elderly with Oxidative Stress Potential (ORP) Test” 

(EFEOS). The data from these two studies have not been combined previously, and there has not 

been any testing to date of the stored plasma samples as part of this study. The stored blood 

samples were analyzed as part of this combined project. By combining these two sets of data, I 

tested the hypothesis that oxidative stress can be measured and correlated with physical status 

and trauma outcome in a geriatric population.  

Care for geriatric trauma patients is complex for many reasons. Geriatric trauma patients 

experience higher morbidity and mortality than younger cohorts. Trauma is the seventh leading 

cause of death among this population (Cutugno, 2011). Some geriatric patients have a reduced 
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ability to respond to injury and withstand aggressive resuscitation (Clegg et al., 2013). As 

discussed in the previous chapters, the use of a rapid diagnostic test to assess oxidative reduction 

capacity in the context of frailty may provide critical insight into how reduced homeostatic 

reserves affect an individual's ability to respond to a traumatic injury. By measuring the 

Oxidation Reduction Potential (ORP) in healthy community-dwelling participants with a 

correlation to the participant results on the validated frailty assessment tools, it is postulated that 

the ORP will positively correlate with the traditional oxidative burden variables. Furthermore, a 

novel biomarker that measures oxidative reduction capacity might be useful for determining 

optimal treatment recommendations in patients with acute trauma. Oxidation Reduction Potential 

(ORP) is an electro-chemical measure that integrates the total effects of reactive oxygen and 

nitrogen species (ROS, RNS). Plasma ORP measures balance among oxidants and anti-oxidants 

as a proxy to the accumulated oxidative damage of macromolecules.  

The electrochemical assay for ORP provides two different measures of the oxidative 

stress system in a plasma sample. The two measures include static ORP (sORP) and the capacity 

ORP (cORP). sORP is the “classically” termed ORP, in which the standard or resting potential 

between a working electrode and a reference electrode is measured as voltage (millivolts). sORP 

reflects the total balance between oxidants and antioxidants, or, in other words, the tendency of 

the system to either donate or take up electrons. Low sORP values (relative to normal) indicate 

that the sample is in the normal range of oxidative stress. See Figures 4 and 5 for further details 

of the test. cORP is a measure of antioxidant reserve available in the body’s circulation that is 

obtained when a plasma sample is oxidized with a small increasing linear electrical current in a 

titration manner. The amount of current (energy) applied to a sample in a given time relative to 
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the change in sORP is used to calculate the capacity (antioxidant reserve) of the sample and 

expressed in microcoulombs (μC) 

One of the purposes of this proposed study was to test whether the static and capacity 

plasma ORPs would correlate with frailty measured as a clinical construct. Even though the 

underlying physiological pathway (or pathways) of frailty have not been fully elucidated, frailty 

is believed to critically involve a physiologic loss of reserve capacity and resistance to stressors 

(Fried et al., 2001; Rockwood et al., 1999). There is a progressive loss of redundancy in response 

 
 
 
FIGURE 4. Lower ORP Example. 

Legend: 
 sORP normal = 136 mV 
 cORP normal = .5 µC 
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FIGURE 5. Higher ORP Example. 

patterns and connections. The study also worked to determine if static and capacity plasma ORP 

vary according to hospital discharge outcomes and hospital length of stay (LOS). Additionally, 

we examined ORP in correlation with healthy community-dwelling elders with frailty as 

measured by four different assessments of frailty that have already been validated and used in 

prior work by others (Fried et al., 2001; Rockwood & Mitnitski, 2007; Searle, Mitnitski, 

Gahbauer, Gill, & Rockwood, 2008; Morley et al., 2012). Plasma sORP and cORP have already 

been used by others to assess the presence of oxidative stress. The electrochemical assay is 

sensitive enough to detect a 7% change in ORP status, and can distinguish between healthy 

Legend: 
 sORP normal = 136 mV 
 cORP normal = .5 µC 
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controls and general trauma patients (Bar-Or, D., Bar-Or, R., Rael, & Brody, 2015). The 

following aims were proposed to test this prediction:  

 Aim 1: To determine plasma sORP and cORP values in hospitalized and physically 

injured elder adults as a function of age, gender and Injury Severity Score (ISS). 

Hypothesis 1A postulated that sORP would be elevated, and that cORP would be 

decreased with increasing age.  

Hypothesis 1B postulated that females would have a higher sORP and a lower cORP 

compared to males.  

Hypothesis 1C predicted that a higher Injury Severity Score (ISS) would be positively 

associated with sORP and negatively associated with cORP.  

 Aim 2: To determine the relationship between plasma sORP and cORP and the 

traditional oxidative burden variables (use of statins, alcohol, vitamins, tobacco and 

diabetes) as well as to hospital length of stay (LOS) and discharge outcomes in 

hospitalized physically injured elder patients.  

Hypothesis 2A is that the use of alcohol, statins, tobacco and presence of diabetes would 

be associated with a higher sORP and a lower cORP. We also hypothesized that vitamin 

use should positively impact both with sORP and cORP.  

Hypothesis 2B postulated that length of stay (LOS) would be positively correlated with 

sORP and negatively correlated with cORP.  

Hypothesis 2C was that sORP and cORP would vary according to disposition after a 

hospital stay such that those discharged to a skill nursing facility would have a higher 

sORP and a lower cORP than those discharged to home. 
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 Aim 3: To determine if plasma sORP and cORP in healthy, community-dwelling elder 

adults correlates with the results of the validated frailty assessments scale scores and 

traditional oxidative burden variables. 

Hypothesis 3A was that the plasma sORP and cORP would correlate with the results of 

the frailty assessment scale scores on the four different frailty assessment tools. 

Hypothesis 3B was that sORP and cORP would correlate with or vary as a function of 

the traditional oxidative burden variables. 

Model of Fraily and Acute Trauma with Study Aims 

 

Legend 
Acute Trauma: An injury or wound to a living body caused by application of external force or violence that causes immediate 
damage to a living body (CDC NIOSH, 2014). 

Aim 1: To determine plasma sORP and cORP values in hospitalized and physically injured elder adults as a function of 
age, gender and Injury Severity Score (ISS). 

Oxidative Stress: Oxidative stress results from the overproduction of reactive oxygen species ®S) and reactive nitrogen species 
(RNS) a decrease of endogenous antioxidants and/or decrease in the activity of antioxidant enzymes (Rahman, 2007). 

Aim 2: To determine the relationship between plasma sORP and cORP and the traditional oxidative burden  variables 
(use of statins, alcohol, vitamins, tobacco and diabetes) as well as to hospital length of stay (LOS) and  discharge 
outcomes in hospitalized physically injured elder patients. 

Healthy State: Health is defined by having a wide array of homeostatic weapons available to counteract challenges to stability 
(Ferrucci, Giallauria, & Schlessinger, 2008). 

Aim 3: To determine if plasma sORP and cORP in healthy, community-dwelling elder adults correlates with the results 
of the validated frailty assessments scale scores and traditional oxidative burden variables. 

Frailty: State of vulnerability due to accumulation of physical deficits in the physiological symptoms during a life time (Clegg, 
Young, Iliffe, Rikkert, & Rockwood, 2013). The cumulative decline depletes homeostatic reserves until a stressor triggers a 
disproportionate change in health status such as an acute trauma injury (Rockwood, Andrew, & Mitnitski, 2007). 

FIGURE 6. Model of Frailty and Acute Trauma with Study Aims 
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In Figure 6, the aims of the study were incorporated into the MFAT model first 

introduced in Ch. 1. It illustrates how each study aim corresponds to the model and to the 

outcomes measured in this project. The direct quantification of oxidative stress has had a 

potential application in both the healthy participants and the injured elder patients. The (+) 

symbols identify how oxidative stress contributes to frailty, as does the outcome of trauma 

patients who are admitted to the hospital. The (–) symbols demonstrate how frailty is associated 

with outcomes related to mortality and SNF discharges. Each of the previous studies is described 

in the sections below in Uninjured Community-dwelling Elders and Frailty Assessments as is the 

Specimen Collection Protocol. 

Design and Setting 

This study used the prospective-specimen collection and a retrospective-blinded 

evaluation (PRoBE) design. The PRoBE design involved collection of specimens and clinical 

data in the absence of knowing about a specific study or patient outcome (Pepe, Feng, Janes, 

Bossuyt, & Potter, 2008).  

The setting for both the SCP and EFEOS studies was the greater Denver metropolitan 

area. The EFEOS Study was also conducted in Summit County, Colorado, and with residents of 

the metropolitan Denver area. 

Sample 

Injured Elders 

Banked blood samples and relevant demographic and phenotypic data for patients in the 

Injured Elder Group were obtained from the Specimen Collection Protocol (SCP) study. The 

overarching goal of the SCP was to explore the role of ischemia/inflammation in trauma and the 
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response after surgery, ischemia and infection. Before giving consent patients were informed that 

all study blood samples and other relevant demographics as well as outcomes would be studied 

to better understand the role of ischemia. Participants were also informed that this study and 

subsequent results will not provide any direct benefit to current hospitalized patients, but may 

provide benefit to future injured trauma patients. Inclusion criteria of the SCP study include: >17 

years of age (no minors), admission to hospital, meets trauma criteria defined as diagnosis-

related ICD-9 codes from 800-959 (CMS.gov). Exclusion criteria included: pregnancy in 

females, pre-existing blood-borne infectious disease, use of steroid medications within last 30 

days, chemotherapy within last 30 days, patients who arrived at St. Anthony’s Hospital without 

vital signs and did not regain vital signs, or patients who self-disclose that they were Jehovah 

Witnesses (a group that does not regularly consent to blood draws for any purposes).   

Uninjured Community-Dwelling Elders 

Banked blood samples and relevant demographic and frailty assessment results for 

patients in the Uninjured Community Dwellers group were obtained from the Evaluation of 

Frailty in the Elderly with Oxidative Stress Potential Test (EFEOS) Study. The EFEOS Study 

explored the association between frailty and ORP levels in healthy, elderly community-dwelling 

populations. The ORPs were not analyzed prior to the IRB approval, so that samples could be 

run at the same time with same generation of sensors. Healthy men and women (60% women, 

since frailty impacts more women than men due to their longevity) over the age of 65 were 

recruited from a hospital-sponsored fall prevention class. Exclusion criteria for the healthy 

sample included the presence of acute injury or illness within the preceding 30 days as defined 

by any occurrence including surgical procedures or active treatment for cancer, known delirium, 
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bleeding disorders, or cognitive deficits. Patients with cognitive deficits identified by their health 

history were excluded during pre-screening and did not participate in the injury prevention class 

or this study. Medical status was determined by self-report. Patients were not excluded if they 

were taking vitamin or other supplements. However, the use of vitamin supplements was 

recorded and was used as covariates in all analyses. All participants in the healthy group received 

study results via class newsletter follow-up. Four frailty assessments were administered to 

participants in the healthy elder community-dwelling group including: Fried Frailty Phenotype 

(FFP), Frailty Index (FI), CSHA Clinical Frailty Scale (CSHA Scale), and FRAIL Scale (FS). 

These scales are described in more detail under Uninjured Community-dwelling Elders and 

Frailty Assessments. 

Sample Size 

A minimal sample size was calculated based on sORP (static ORP plasma sample) data 

obtained from a previous pilot study (Bourg et al., 2013). In this pilot, mean plasma ORP was 

167.18 millivolt (mV) (SD = 26.43) and 184.57 mV (SD = 22.67) in healthy older adults (≥64 

years) and traumatic brain injury patients (also ≥64 years), respectively. Because of the 

variability in the rate of physical aging, populations can be highly inconsistent on biomarker 

outcomes. Accordingly, we decided to be reasonably conservative when calculating required 

sample size. Standard deviations from the sORP data noted above were therefore increased by 

30% for purposes of a power analysis. The following data were entered into the sample size 

calculator (power at 90%, alpha at 5%): Sample 1 mean 167.18mV (SD = 34.36) and Sample 2 

mean 187.18mV (SD = 29.47). Based on these data, it was estimated that to detect a 20mV 

difference in sORP measures, complete data sets from 44 patients for each group would be 
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sufficient (44 community-dwelling elders and 44 age-matched injured elders). In order to 

achieve complete data sets for each group, attention was given to attrition rates, failure to meet 

inclusion criteria via age-matching, gender inclusion, statin use, smoking history and use of 

alcohol for completeness sake. In this study, we increased the sample size to 93 per group (a 

convenience sample of uninjured elder community-dwelling adults, and patients over the age of 

65 who were admitted to the trauma service at an urban Level 1 trauma center). As described 

earlier in this discussion the selected banked samples were from two previous studies. 

Procedures 

Injured Elder Patients 

Injured elder participants who were included in this study were selected from an 

extensive list of patients who have already given consent, and taken part in the SCP study at the 

PI's hospital. The PI of this project served as co-Investigator for this companion study. Injured 

elder patients studied by the larger companion project who were selected for inclusion in this 

study were then matched to participants in the community-dwelling elders group for age and 

gender. Use of statins, vitamin supplements, smoking history, and use of alcohol were also 

compiled. Injured elder patients took part in the larger companion study after they or their legal 

power of attorney representatives provided consent to take part in the Specimen Collection 

Protocol. The other relevant information about injured elder patients selected to take part in this 

current study included Injury Severity Scores (ISS) (Osler, Baker, & Long, 1997; Ollerton & 

Sugrue, 2005), discharge outcomes, LOS, primary admitting diagnoses obtained were from the 

hospital trauma registry that lists all trauma admissions. The injured elder participants were 

gender and age-matched with healthy community-dwelling elder participants. 
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Blood (10cc) was collected from injured elder patients upon arrival at the hospital 

emergency department. The samples were obtained via venipuncture or from existing IV 

catheters in the patient’s arm. Once the blood was obtained in a sodium heparinized tube, 

hospital laboratory personnel processed the specimen by aliquoting the blood plasma by 

centrifuge and freezing it at -80°C for transport to a research site on the campus at St. Anthony 

Hospital. At the research site, the blood was assigned a unique number that was used for research 

purposes, including for this study. The ORP test was completed at this time for this group of 

patients once all approvals were obtained for the IRB at the hospital and the University of 

Arizona IRBs. 

Uninjured Community-Dwelling Elders 

Data collection from participants in the community-dwelling elders group, as shown in 

Figure 6, was accomplished with a visit by the Primary Investigator (PI) to the injury prevention 

class in the course of the EFEOS Study. At that pre-visit, a simple description of the study was 

presented including inclusion and exclusion criteria. On the day of data collection, the PI 

answered any questions and obtained participant consent. The study design plan began with the 

collection of demographic data. A study log contained labels available for each consent form, 

frailty assessment, and blood collection tube in order to facilitate the process throughout the 

study visit. Once consent was obtained, the participant then proceeded to the first of four data 

collection "stations". Stations were set up to collect the measurements: 1) grip strength by 

dynamometer positioning of the subjects, ensuring they were seated with arm at 90°; 2) TUG 

(Timed Get Up and Go test); 3) blood collection; and 4) collection of information with the self-

reported frailty assessment tools. Blood (7 ml) was collected in a sodium-heparinized tube with a 
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23g ¾” butterfly needle/vacutainer (trademarked as Self timing blood collection set™). The 

blood samples were transported via cooler with special ice packs (to keep samples at 4°C) to a 

research laboratory immediately following collection. Once the blood samples arrived at the 

research laboratory they were processed to obtain plasma by temperature controlled 

centrifugation. Beckman GPR, model number 349702, operated at a speed of 2000 rpm at 10°C 

for 10 minutes. Isolated plasma was aliquoted and then stored at -80°C until batch measurement 

for both plasma static and capacity ORPs occurred.  
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FIGURE 7. Data Collection Flowsheet. 
 

Pre-Study Visit and 
Recruitment 

1. Population identified in Injury Prevention Class 
2. A pre-visit to the class by the Principle Investigator 

one to two weeks prior to the planned data collection 
date is completed to explain the study including 
inclusion and exclusion criteria and answer questions. 

Day of Study 
1. Re-introduction of topic 
2. Consents obtained from each participant 
3. Participants are logged and identified with sequential number 

codes  
4. Assessment with four frailty tools: 

a. Fried Frailty Phenotype (FFP) 
b. FRAIL Scale (FS) 
c. Frailty Index (FI) 
d. CSHA Clinical Frailty Scale (CSHA Scale) 

5. Blood collection 
6. Strength tests: 

a. Arm grip strength with the dynamometer 
b. TUG (timed get up and go). 

Study Log will have sticker created for each 
consent, frailty tool and blood samples that 

are completed. 
 

Handling of samples – transported via cooler to 
research lab immediately following draw 

 

Handling at lab site – plasma will be obtained 
from whole blood and processed by aliquot of 
plasma and stored (80°C) for later analysis of 

plasma ORP.  
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Human Subjects Protection 

Injured Elder Patients 

Human subject protection for patients in this group took place by having the research 

nurse contact the patient or patient’s representative within 24 to 72 hours after admission to the 

hospital for traumatic injury. Once permission was obtained, plasma processed from blood was 

transported to the research lab. For these admitted trauma patients, the study’s blood sampling 

occurred at the same time blood was drawn for routine diagnostic testing. Injured elder patients 

did not undergo any other testing for frailty. For those patients who did not provide consent, the 

plasma sample was discarded. No serious adverse reactions have occurred given that samples 

have been collected only at time of usual specimen time for diagnostic purposes. 

Uninjured Community-Dwelling Elders 

All community-dwelling elders were previously consented under an approved IRB 

protocol by either a Primary Investigator or a research nurse who was working on the project. 

The consents for all participants have been tracked both electronically and in paper file. All 

participants in this group provided their own consent. All study materials including samples 

derived from blood and frailty assessments were housed at the St. Anthony Hospital Research 

Facility. The investigator has recorded each data point collected for the study onto an electronic 

log with a sequential code number to ensure participant anonymity. All participants were 

assigned a number code and that number then corresponded to plasma samples and frailty 

assessment results. 

Potential risks to participants in this group included complications with blood sampling. 

Participants may experience pain or bruising at the site on their arm where the blood was taken. 
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Localized clotting, irritation or infections did not occur. There were no known risks with strength 

testing or the TUG (Timed up and Go) test at this time. The test administrators ensured the safety 

of the participants by instructing them in proper body mechanics and ensuring equipment 

stability. Privacy was ensured with individual stations set up for each component of the research 

testing. Only one individual visited a station at a given time to assure confidentiality and safety. 

Stations included: 1) answering frailty questionnaires, 2) physical testing using the timed TUG 

test and grip strength test using the dynamometer, and 3) the venipuncture station. Every 

completed frailty assessment tool was labeled with a unique number code at the inception of the 

testing. These were kept in a locked file cabinet once the data has been entered. 

Outcomes 

For all of the injured participants, their Injury Severity Score (ISS), age, gender, primary 

admitting diagnoses, LOS and discharge outcomes were obtained as part of the SCP Study. In 

the healthy community-dwelling participants, frailty assessment scores were obtained as part of 

the EFEOS Study with four different tools to be further described in this chapter. 

Injured Elder Patients 

For the SCP study, the patient’s age, gender, Injury Severity Score (ISS), primary 

admitting diagnoses, LOS and hospital discharge outcome data were collected for those in the 

injured elder group. Additional information identified from patients included use of statins, 

tobacco history, alcohol history, presence of diabetes and vitamin use. Frailty assessments were 

not done on the injured elder patients due to the nature of the injuries and the complexity of 

testing frailty, because these scales require active patient input. In an acute trauma emergency 

there were many reasons why this is impractical: patients’ inability to respond to questions 
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because of altered consciousness, length of time required for assessments and potentially 

overwhelming burden to patients and families due to the physical trauma (Maxwell et al., 2015). 

Banked blood samples previously collected from participants who took part in SCP study 

were analyzed for sORP and cORP according to the same procedures that were used for samples 

obtained from the EFEOS Study. The ORPs were done post IRB approvals. See lab analysis 

details for this procedure below. 

Uninjured Community-Dwelling Elders and Frailty Assessments 

Demographic data that was collected included age and gender. Additional information 

identified from patients included use of statins, tobacco history, alcohol history, presence of 

diabetes and vitamin use. Four frailty assessment tools were used in the community-dwelling 

elders who took part in the EFEOS Study. Table 4 outlines the frailty assessment tools that were 

used for the evaluation of the participants in this study. Chapter 1 contains a description of each 

tool in detail as well.  

Two of the frailty instruments used in the study, the Fried Frailty Phenotype (FFP) and 

Rockwood Frailty Index (FI), appear to be the most popular instruments for operationalizing 

frailty based on a review of the literature (Theou, Brothers, Pena, Mitnitski, & Rockwood, 2014). 

The scales differ from one another in that the FFP was based on etiology of frailty, and the FI 

was developed as a risk prediction tool. The CSHA Scale and the FS, the third and fourth frailty 

assessment tools that were used, were both adaptations of the FI (Theou et al.; Woo, Leung, & 

Morley, 2012; Evans, Sayers, Mitnitski, & Rockwood, 2014). 

The FFP (Fried et al., 2001) was a clinician-administered tool that determined a summary 

score for a frailty phenotype. The FFP was based on a pre-defined set of five criteria that 
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explored the presence or absence of signs and symptoms. See Table 4 for further clarification. 

The maximum score was 0 (robust) and the minimum score was 3 (frail). The FFP total score 

was considered the gold standard for determining frailty because it measured the cumulative 

decline across multiple physiological systems. This fits specifically with the definition of frailty 

as a clinically recognized state of increased vulnerability resulting from aging associated declines 

in in reserves and function. One of the best ways to distinguish frailty from non-frailty was to 

evaluate a patient’s ability to recover from an acute stressor such as an acute trauma, because it 

categorically defined the risk for subsequent events (Cesari et al., 2014; Morley et al., 2012). The 

FFP has been the most widely used in predicting frailty (DeVries et al., 2011).  

The FI was a clinician-administered 70-item list of deficit accumulation (Rockwood et 

al., 1999). The FI counted deficits related to frailty. The FI detected co-morbidities, disability 

and frailty that can be considered a consequence of a decrease in functional reserves 

(Malaguarnera et al., 2013). It was measured by the quantity of deficits. It was considered a 

better indicator of aging than chronological age. The FI was calculated as a total score (1 for 

each deficit present, 0 for absent deficit). The maximum total score was 47, which is considered 

very frail.  

The FI differs from the FFP in that it was for population studies, as opposed to the FFP, 

which may be better suited for clinical practice situations because it was a symptomatological 

definition rather than defined by a group of co-morbidities  (Malaguarnera et al., 2013). The FI, 

the CSHA Scale, and the FS were used in the study and were highly interrelated. The CSHA 

Scale and the FS were developed from the FI as a means of adaptation to the scale that frailty 

was an exhaustion of physiological reserves.  
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The CSHA Scale was a 7-point scale based on the 70 points in the FI. The CSHA Scale 

distinguished patients according to seven categories from (1, robust and healthy), up to (7, 

completely dependent on others for activities of daily living). See Table 4 for complete 

description. The CSHA Scale was found to be highly correlated (r=.80) with the FI (Theou et al., 

2014). This approach worked well because the score was based on clinicians’ judgment rather 

than counting deficits. This study was measured against FI and the FFP. 

The last tool, the FRAIL Scale (FS), included five components: fatigue, resistance, 

ambulation, illness, and weight loss. This scale was also derived from the FI. See Table 4 for 

more information. Patients were categorized as frail or pre-frail versus healthy (Morley et al., 

2012). It was scored as follows: 0-1 = healthy, 2= pre-frail, 3 or more = frail. This scale allowed 

physicians to identify frailty at an earlier stage. 

Common characteristics that have been measured across the frailty assessment tools 

suggest that the characteristics of frailty were common, no matter how they were measured 

(Theou et al., 2014). The frailty assessments that were used for the current study had good 

agreement in detecting the prevalence of frailty; Cohen’s Kappa ranges from fair (.13) to 

moderate (.46). The FFP and the FI have an r=0.65 correlation, the FFP and the CSHA Scale 

have an r=0.66 correlation, and the FI and the CSHA Scale have an r=0.76 correlation (REF). 

There was somewhat of a consensus that in community-dwelling adults, these frailty tools were 

worthwhile for predicting all-cause mortality as assessed by the ROC curves (Pena et al. 2014). 

Conclusions reached by all four tools were that frailty scores in community-dwelling adults 

increased non-linearly with age, and that mortality risk increases when frailty is detected (Theou 
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et al., 2014). With each iteration of the tools’ development, the scales were shorter and less 

complex to use, as noted by this author and in the review of the literature (Theou et al., 2014).  

For injured patients, in addition to the demographic characteristics and study outcomes of 

discharge to home, discharge to skilled nursing facility (SNF) or death have been previously 

collected. Banked blood samples previously collected from participants were analyzed for sORP 

and cORP from the EFEOS Study. See laboratory details for this procedure below. Community-

dwelling participants were scored on frailty present or not present according to the score ranges 

of each individual assessment tool. See Table 4. 

Plasma Oxidation Reduction Potential (ORP) 

Biomarkers have advantages because they were objective assessments that were both 

quantitative and usually reliable once validity (both internal and external) was established 

(Simm, 2008). By utilizing plasma ORP as a way to measure oxidative stress, it was 

hypothesized that the plasma ORP results provided an assessment of the redox status.  

Plasma ORP in this current study was determined using the RedoxSYS™ System (Aytu 

Bioscience, Inc.). This electro-chemical assay measured the electron transfer from antioxidants 

to oxidants which indicates electron transfer during the redox reaction. The reading at the plasma 

ORP electrode provided a quantitative, aggregate measurement of both oxidants and 

antioxidants. The ORP electrode had the ability to accept electrons and generate voltage. Overall 

ORP was derived from two different measures. The first, static ORP (sORP) provided a 

measurement of the oxidative molecules in plasma that were able to either take up or donate 

electrons when no electric current was applied. As such, static ORP was an aggregate measure of 

oxidative stress. The second, capacity (cORP), was the measures of electrons that were still 
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present (reserve) after a current was applied to a sample. After approximately two minutes, when 

the sensor was equilibrated and ORP reading was stable, a linearly increasing current was 

applied. The ORP was then monitored. The transition time (i.e. when ORP changes most 

quickly) was used to integrate the current profile to attain of charge (µC) transferred to achieve 

transition and termed the capacity (cORP). The mean static ORP established in healthy adults 

was 136 mV. (Rael et al., 2007; Rael et al., 2009a) which may represent a “normal” ORP. A 

significantly higher plasma ORP indicated the presence of oxidative stress (Bar-Or et al., 2015) 

meaning that the reserves were depleted. Figures 4 and 5 further illustrate both normal and 

abnormal samples. 

Forty microliters of plasma was added to the indicated area at the tip of the ORP test 

strip. This was similar to other I-stat types of bedside tests. The test began when the sample was 

in contact with the reference cell. See Figure 6. At the end of four minutes, both the static and 

capacity ORP levels were displayed. The average of those two measures was used in statistical 

analyses. 

Figures 4 and 5 provide an illustrated explanation of example readings from the plasma 

ORP machine shown in Figure 7. High cORP indicated that the biological system has the 

antioxidant reserves in the normal range. Figure 4 illustrates the normal ranges and components 

that comprise the range of normal. Lower than normal cORP values indicated that a biological 

sample had below normal antioxidant reserves. Figure 5 illustrates antioxidants reserves with 
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FIGURE 8. ORP Machine. 
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higher concentrations of H2O2 (hydrogen peroxide), HO (hydroxyl radical) and NO (nitrogen 

oxide). The current normal ranges for sORP have been established as 100-140 mV, the abnormal 

ranges established for ORP were above 180 mV. The cORP normal was .5 µC. Levels less than 

.5µC indicated a lower antioxidant reserve.  

Data Management and Statistical Analysis 

All study data including demographic information, frailty assessment scores, and ORP 

values were stored in Microsoft Excel and analyzed using SPSS. The electronic database was 

verified by checking a random selection of 10% of the written documents to make sure both 

matched, and injury severity scores (ISS) taken at admission were collected. Missing 

demographic data excluded the participant from any analysis that requires that data point. Blood 

for plasma sORP and cORP measures was previously taken at admission. A Shapiro-Wilkes test 

was used to test for normalcy in sORP data. If the data was normal, parametric statistics were 

done. If the data strongly deviated from normal, then the equivalent non-parametric test was 

employed or appropriate statistical transformations was applied.  

Statistical Analysis Details by Specific Aim 

To address Aim 1, we analyzed the data using a Student’s t-test to compare group 

differences at a p< 0.05 level of significance. If the data was not normal, then a Mann-Whitney U 

test was used to compare group differences. Student’s t-tests were used for Hypotheses 1A, 2A 

and 3A. Spearman’s Correlation was used to evaluate the three variables of age, gender and ISS.  

Hypothesis 1A postulated that sORP would be elevated, and that cORP levels would 

decrease with increasing age. Hypothesis 1B postulated that females would have a higher sORP 
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and a lower cORP compared to males. Hypothesis 1C predicted that sORP would be positively 

correlated with ISS and negatively correlated with cORP. 

To accomplish Aim 2, participants were grouped based on traditional oxidative burden 

variables of vitamin use, statin use, consumption of alcohol, diabetes and smoking to determine 

the difference in regard to sORP and cORP. A student’s t-test was used to determine the 

differences between groups. A Shapiro Wilkes tested for normalcy and, if the data was not 

normally distributed, a log transformation was done to correct abnormal distribution. 

Significance was set at p<0.05.  

Hypothesis 2A is that the use of alcohol, statins, tobacco and presence of diabetes would 

be associated with a higher sORP and a lower cORP. We also hypothesized that vitamin use 

should positively impact both with sORP and cORP. To address Hypothesis 2A student t-tests 

were used to determine difference in the sORP and cORP values based on the traditional 

oxidative burden variables that included: vitamin use, statin use, consumption of any alcohol, 

diabetes and smoking. 

To accomplish Hypothesis 2B, it was postulated that longer LOS would be positively 

correlated with sORP and negatively correlated with cORP. A Spearman’s Correlation was used 

since LOS was not normally distributed.  

Hypothesis 2C was that sORP and cORP would vary according to disposition after a 

hospital stay such that those discharged to a skill nursing facility would have a higher sORP and 

a lower cORP than those discharged to home. To accomplish 2C disposition by groups, the 

groups were not normally distributed and a Spearman’s Correlation was used. 
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To address Aim 3, Hypothesis 3A, we determined the level of frailty among healthy 

community-dwelling participants who had undergone four frailty assessments: 1) Fried Frailty 

Phenotype (FFP), 2) Frailty Index (FI), 3) CSHA Clinical Frailty Scale (CSHA Scale), and 4) the 

FRAIL Scale (FS). Each scale had pre-determined cut-off s that established the presence of 

frailty. A comparison of sORP and cORP measures between those identified as “frail” and “not 

frail” (Table 8) as determined by each of the scales. A Student’s t-tests or a Mann-Whitney U 

test determined differences. In addition, Pearson’s r Correlations were used to identify 

correlative relationships between sORP and cORP for each of the four indices of frailty. 

TABLE 8. Statistical Groups Based On Frailty Assessment Scores. 

Frailty Assessment Score Associated with 
“Not Frail” 

Score Associated 
with “Frail” 

Fried Frailty Phenotype (FFP) 0 >= 3 
Frailty Index (FI) 0 >= 47 

CSHA Clinical Frailty Scale (CSHA Scale) <= 3 >= 4 
FRAIL Scale (FS) <= 1 >= 3 

A Pearson Correlation was used with the sORP and the cORP to correlate with the results 

of the frailty assessment scores on the four different frailty assessment tools. To address 

Hypothesis 3B, a student’s t-test was used to determine if the differences in sORP and cORP 

would correlate or vary as a function of the traditional oxidative burden variables. A Shapiro 

Wilkes test was used to test for normalcy in the sORP and cORP and, if not normally distributed, 

a log transformation of the data was done to correct for the unequal variances.  

Summary 

This study tested whether plasma ORP as measured by the RedoxSYS™ could be 

utilized for evaluating oxidative stress in geriatric patients. Continued testing of the plasma ORP 
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measurement for results are being monitored as a reliable assessment of redox status. This was 

minimally invasive, fast and required a small sample volume. Most importantly this simple test 

currently does not exist in any clinical setting. By measuring the ORPs in the healthy 

community-dwelling adult, it was postulated that it would trend a median result that could then 

be used as a correlation to frailty when measured against previously validated frailty assessment 

tools. This study contributed to the body of knowledge on trauma and frailty that has not been 

examined in previous studies by correlating presence of oxidative stress. 
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CHAPTER 4: RESULTS 

This chapter presents the results of the study aims including a description of the study 

population. The purpose of this study was to determine if a novel plasma biomarker of oxidative 

stress was associated with established measures of frailty and oxidative burden variables in 

healthy patients and of a matched physically injured population of elder patients over age 65. 

The plasma sORP and cORP levels were measured at time of admission to the hospital for the 

trauma patients. 

Description of the Samples 

Trauma Patients 

There were a total of 93 trauma patients. The mean age of the trauma patient population 

was 75.9 years. There were 51 females (54.80%). The mean Injury Severity Score (ISS) was 9.5, 

mean length of stay (LOS) was 5.5 days, and 56 patients (62%) were discharged to either a 

skilled nursing facility (SNF) or a rehabilitation facility. The mean sORP for trauma patients was 

112 mV and the cORP was 0.71 µC as demonstrated in Table 9. 

TABLE 9. Trauma Patients Demographics, ORP Values and Outcomes. 

Value N=93 
Demographics 

Age, years, mean (SD) 75.9 (7.40) 
Gender/Female, variable (%) 51 (54.80%) 
Gender/Male, variable (%) 42 (45.20%) 
History of smoking, variable (%) 9 (9.70%) 
Diabetes, variable (%) 18 (19.40%) 
Statin use, variable (%) 36 (38.70%) 
Consumes any alcohol, variable (%) 28 (30.10%) 
Vitamin use, variable (%) 18 (19.50%) 
Any alcohol on arrival, variable (%) 3 (3.20%) 
ISS, mean (SD) 9.50 (4.90) 
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TABLE 9 - Continued 

ORP Values 
sORP, mV, mean (SD) 111.65 (26.60) 
sORP, mV, median (range) 106.20 (64 – 206) 
cORP, µC, mean (SD) 0.71 (0.92) 
cORP, µC, median (range) 0.40 (0.10 – 7.50) 

Outcomes 
LOS, days mean (SD)* 5.50 (4.70) 

Disposition 
Home 36 (38.70%) 
SNF/Rehab 56 (62%) 
Expired 1 (1.10%) 

Note. SD = Standard Deviation, ISS = Injury Severity Score, ORP = oxidative reductive potential, sORP = static 
oxidative reductive potential, cORP = capacity oxidative reductive potential,  LOS = length of stay, SNF = skilled 
nursing facility, *LOS Range = 1-32 days 

Healthy Participants 

There were 93 healthy, community-dwelling participants included in our study. The mean 

age was 75.9 years. There were 50 females (53.80%). The mean scores for each of the frailty 

assessments are shown in Table 10. According to the definition of frailty as defined by each 

respective frailty index (i.e., cut off scores) as presented in Table 8, Chapter 3, frailty was not 

detected in any of the participants in this population. The Means of sORP and cORP in this 

population were 105.1 mV and 0.95 µC, respectively. As presented in Ch. 3, Methodology, 

cORP values <0.5 µC indicate lower antioxidant reserves (Bar-Or et al., 2015). Therefore, 

several participants in this sample had cORP values indicating inadequate anti-oxidant reserves 

as seen in Table 10. 
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TABLE 10. Healthy Participants Demographics, ORP Values and Frailty Scores. 

Variable N=93 
Demographics 

Age, years, mean (SD) 75.9 (7.40) 
Gender/Female, variable (%) 50 (53.80%) 
Gender/Male, variable (%) 43 (46.20%) 
History of smoking, variable (%) 3 (3.20%) 
Diabetes, variable (%) 10 (10.80%) 
Statin use, variable (%) 44 (47.30%) 
Consumes any alcohol, variable (%) 54 (58.00%) 
>10 alcoholic drinks/week, variable (%) 10 (10.80%) 
Drinks per week, mean (SD) 3.60 (5.20) 
Vitamin use, variable (%) 4 (51.60%) 

ORP Values 
sORP, mV, mean (SD) 105.10 (23.60) 
sORP, mV, median (range) 103.20 (74.30 – 166.70) 
cORP, µC, mean (SD) 0.95 (0.86) 
cORP, µC, median (range) 0.75 (0.12 – 4.69) 

Frailty Scores 
Fried Frailty Phenotype (FFP), mean (SD) 2.40 (1.50) 
Frailty Index (FI), mean (SD) 0.08 (0.06) 
CSHA Clinical Frailty Scale (CSHA Scale), mean (SD) 1.90 (0.93) 
FRAIL Scale (FS), mean (SD) 0.34 (0.76) 

Note. SD = Standard Deviation 

Findings for Trauma Patients 

Aim 1 Results 

Aim 1: To determine plasma sORP and cORP values in hospitalized and physically 

injured elder as a function of age, gender and Injury Severity Score (ISS). Hypothesis 1A 

postulated that sORP would be elevated, and that cORP levels would be decreased with 

increasing age. Hypothesis 1B postulated that females would demonstrate higher sORP and 

lower cORP levels compared to males. Hypothesis 1C predicted that ISS would be positively 

associated with sORP and negatively associated with cORP.  
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As both sORP and cORP were not normally distributed in the trauma patients a natural 

log transformation of both outcomes was performed before testing any of the above predictions. 

Significance of all statistical tests was set at p<0.05. After a natural log transformation, the sORP 

was normalized; the natural log cORP was still abnormally distributed accordingly to a Shapiro 

Wilkes test (p=0.02).  

As demonstrated in Table 11, Spearman Correlations were used to evaluate the 

association between sORP or cORP and age, gender, and ISS. Spearman Correlations were used 

because age and ISS were not normally distributed. Age, gender, and ISS were not found to be 

significantly correlated with either sORP or cORP as shown in Table 11. Also, sORP did not 

vary as a function of gender when women were compared to men with a t-test (t[88] = 1.24, p = 

0.22), and cORP did not differ between men and women when analyzed with a Mann Whitney U 

test (U = 810, p = 0.11).  

TABLE 11. Spearman’s Correlation for Aim 1, Hypothesis 1A, 1B, 1C. 

ORP Age Gender ISS 

sORP rs= -0.03 
p= 0.79 

rs= -0.12 
p= 0.23 

rs= 0.04 
p= 0.70 

cORP 
 

rs= 0.03 
p= 0.78 

rs= 0.16 
p= 0.11 

rs= -0.01 
p= 0.90 

In a recently published discussion of geriatric patients (Hashmi et al., 2014), the authors 

point out that worse outcomes occurred as the age of the patient increased. 

Post hoc analysis revealed that ages differed by diagnosis when trauma patients were split 

into groups by their primary diagnosis. Patients with the primary diagnosis of chest injury were 

younger with a median age of 72.7 years, patients with neurotrauma had a median age of 76.4 

years, and patients with skeletal trauma had a median age of 76.5 years. 
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Aim 2 Results 

Aim 2: To determine the relationship between plasma sORP and cORP and the 

traditional oxidative burden variables (use of statins, alcohol, vitamins, tobacco and diabetes) as 

well as hospital LOS and discharge outcomes in hospitalized physically injured elder patients. 

Hypothesis 2A was that the use of alcohol, statins, tobacco and presence of diabetes would be 

associated with higher sORP and a lower cORP. We also hypothesized that vitamin use should 

positively impact both sORP and cORP. Hypothesis 2B postulated that LOS would be positively 

correlated with sORP and negatively correlated with cORP. Hypothesis 2C was that sORP and 

cORP would vary according to disposition after hospital stay such that patients eventually 

discharged to a skilled nursing facility would have higher sORP and lower cORP compared to 

patients discharged to home.  

As sORP and cORP were not normally distributed, a natural log transformation was 

performed. Significance of all statistical tests was set at p<0.05. After a natural log 

transformation, the sORP was normalized; the natural log cORP was still abnormally distributed 

(p=0.02).  

To address Hypothesis 2A, t-tests were used to determine difference in the sORP or 

cORP as a function of traditional oxidative burden variables of vitamin use, statin use, 

consumption of any alcohol, diabetes and smoking. The sORP values did not differ between 

those who used and did not use statins, vitamins, or alcohol. Patients with a history of smoking 

did have higher sORP values than those who did not smoke (134.58 mV vs. 109.10 mV; t= 2.9 

p=0.004). Also, patients with diabetes had higher sORP values (123.48 mV vs. 109.10 mV; 

t=2.12 p=0.04), as shown in Table 12.  
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TABLE 12. Comparison of sORP and Traditional Oxidative Burden Variables in Trauma 
Patients. 

Variable N = 93 M sORP (mV) SD t (df) p 

Vitamins Yes  18 
No   72 

108.1 
112.6 

33.37 
24.85 

0.94 (88) 0.35 

Statin Use Yes  35 
No   55 

112.6 
111.1 

21.27 
22.27 

0.57 (88) 0.57 

Consumes Alcohol Yes  27 
No   13 

110.4 
114.5 

27.05 
25.87 

0.71 (88) 0.48 

Diabetes Yes  17 
No   73 

123.5 
109.1 

25.47 
26.28 

2.12 (88) 0.04* 

Smoking Yes   9 
No   81 

134.6 
109.1 

17.92 
26.28 

2.9 (88) 0.004* 

Gender 
Male  41 

Female  49 
114.6 
109.2 

24.56 
28/24 

1.24 (88) 0.22 

Note. M = Mean SD = Standard Deviation * = p<0.05 Statistically Significant 

As shown in Table 13, cORP values were not significantly different between those who 

used and those who did not use statins, and those who used and those who did not use alcohol. 

However, cORP did differ between those with or without diabetes, as well as between patients 

who were smokers and nonsmokers. There was also a significant difference between those who 

used and those who did not use vitamins (U = 566, p = 0.04*). 

TABLE 13. Comparison of cORP and Traditional Oxidative Burden Variables in Trauma 
Patients.  

Variable N = 93 M cORP (µC) SD Mdn Range U p 

Vitamin Use Yes  18 
No   72 

0.85  
0.67  

0.81 
0.95 

0.67 
0.37 

0.10-7.49 
0.10-2.99 

566 0.04* 

Statin Use Yes  35 
No   55 

0.53   
0.81 

0.49 
1.10 

0.33 
0.52 

0.12-1.94 
0.10-7.49 

823 0.25 

Consumes Alcohol Yes  27 
No   63 

0.57  
0.76  

0.76 
1.03 

0.27 
0.48 

0.10-1.94 
0.48-7.49 

701 0.19 

Diabetes Yes  17 
No   73 

0.35  
0.79  

0.29 
0.99 

0.25 
0.49 

0.10-1.28 
0.10-7.49 

393 0.02* 

Smoking Yes   9 
No   81 

0.18  
0.76  

0.11 
0.95 

0.15 
0.49 

0.10-0.48 
0.10-7.49 

29 <0.001* 

Gender 
Male  41 

Female  49 
0.50  
0.87  

0.41 
1.17 

0.33 
0.48 

0.12-1.80 
0.10-7.49 

810 0.11 

Note. M = Mean Mdn = Median SD = Standard Deviation * = p<0.05 Statistically Significant 
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An informal assessment after we conducted the planned tests for Hypothesis 2A 

suggested that the relationships between sORP or cORP and oxidative burden variables may 

depend on type of injury sustained by participants, or the severity of that injury. Accordingly, 

post hoc analysis was conducted to determine if there were any differences in sORP and cORP 

values as a function of oxidative burden variables when patients were stratified by their primary 

diagnosis at discharge (i.e., their major injury type) or severity of injury (ISS). We also examined 

the relationship between sORP and cORP and patient gender as a function of injury type and 

injury severity. As demonstrated in Tables 14 and 15, for some associations there was 

significance. Smoking was associated with higher sORP values in both the neurotrauma group 

(143 mV vs. 109 mV; F=0.86 p=0.02) and in the skeletal trauma group (130 mV vs. 107 mV; 

F=0.37 p= 0.03). Of interest in the patient group with chest trauma in Table 14, there was a 

significantly higher sORP in patients who used statins at admission (132 mV vs. 100 mV; 

F=0.002 p=0.04). 

TABLE 14. Comparison of sORP and Traditional Oxidative Burden Variables in Trauma 
Patients by Primary Diagnosis. 

Group N=93 M sORP (mV) SD F Statistic p 
Neurotrauma n=41     

Vitamin Use Yes  5 
No  36 

112  
105  

25 
31 

0.49 0.63 

Statin Use Yes  18 
No  23 

107  
115  

19 
29 

2.10 0.33 

Consumes Alcohol Yes  14 
No  27 

117  
109  

22 
26 

0.001 0.29 

Diabetes Yes  11 
No  30 

115  
110  

22 
26 

0.04 0.54 
 

Smoking Yes  3 
No  38 

143  
109  

12 
24 

0.86 0.02* 

Gender 
Male  20 

Female  21 
114  
109  

27 
23 

0.12 0.60 
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TABLE 14 – Continued  

Skeletal Trauma n=35     

Vitamin Use Yes  11 
No  24 

108  
112  

24 
37 

0.77 0.80 

Statin Use Yes  12 
No  23 

111  
110  

19 
32 

2.90 0.95 

Consumes Alcohol Yes  9 
No  26 

112  
112  

27 
26 

0.005 0.58 

Diabetes Yes  5 
No  30 

136  
106) 

39 
24 

1.19 0.17 

Smoking Yes  6 
No  29 

130  
107  

19 
28 

0.37 0.03* 

Gender 
Male  14 

Female  21 
111  
111  

18 
38 

3.40 0.98 
 

Chest/Abdomen Trauma n=14     

Vitamin Use Yes  2 
No  12 

110  
112  

25 
29 

0.17 0.92 

Statin Use Yes  5 
No  9 

132  
100  

24 
23 

0.002 0.04* 

Consumes Alcohol Yes  4 
No  10 

121  
108  

43 
26 

0.10 0.53 

Diabetes Yes  1 
No  13 

141  
 109  

0 
27 

0 0.30 

Smoking Yes  0 
No  14 

  0  
112  

0 
27 

0 0 

Gender 
Male  7 

Female  7 
122  
101  

26 
26 

0.04 0.17 
 

Note. M = Mean SD = Standard Deviation * = p<0.05 Statistically Significant 

Within the neurotrauma group, analysis found lower cORP values for participants that 

smoked (0.15 µC vs. 0.62 µC; U=7 p=0.01) and consumed alcohol (0.42 µC vs. 0.68 µC; U=113 

p=<0.05) for both groups. Within the skeletal trauma group, cORP was negatively impacted in 

patients with diabetes (0.24 µC vs. 0.75 µC; U=26 p=<0.05) and patients that smoked (0.20 µC 

vs. 0.77 µC; U=18 p=<0.05) as shown in Table 15. 
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TABLE 15. Comparison of cORP and Traditional Oxidative Burden Variables in Trauma 
Patients by Primary Diagnosis. 

Group N=93 M cORP (µC) SD U p 
Neurotrauma n=41     

Vitamin Use Yes  5 
No  36 

0.52 
0.99 

0.43 
0.86 

58.50 0.21 

Statin Use Yes  18 
No  23 

0.53 
0.61 

1.43 
0.43 

190 0.82 

Consumes Alcohol Yes  14 
No  27 

0.42 
0.68 

0.65 
0.63 

113 0.04* 

Diabetes Yes  11 
No  30 

0.41 
0.63 

0.32 
0.56 

135 0.39 

Smoking Yes  3 
No  38 

0.15 
0.62 

0.05 
0.53 

7 0.01* 

Gender 
Male  20 

Female 21 
0.53 
0.63 

0.45 
0.59 

198 0.75 

Skeletal Trauma n=35     

Vitamin Use Yes  11 
No  24 

0.82 
0.62 

0.88 
0.52 

121 0.71 

Statin Use Yes  12 
No  23 

0.60 
0.72 

0.64 
0.66 

129 0.74 

Consumes Alcohol Yes  9 
No  26 

0.80 
0.63 

0.70 
0.63 

102 0.58 

Diabetes Yes  5 
No  30 

0.24 
0.75 

0.19 
0.67 

26 0.03* 

Smoking Yes  6 
No  29 

0.20 
0.77 

0.14 
0.66 

18 0.003* 

Gender 
Male  14 

Female 21 
0.48 
0.81 

0.41 
0.75 

118 0.33 

Chest/Abdomen Trauma n=14     

Vitamin Use Yes  2 
No  12 

1.22 
0.71 

2.05 
0.64 

10.50 0.78 

Statin Use Yes  5 
No  9 

1.60 
0.33 

2.20 
0.30 

7 0.03* 

Consumes Alcohol Yes  4 
No  10 

0.57 
1.39 

0 
2.20 

13.50 0.36 

Diabetes Yes  1 
No  13 

0.20 
1.20 

0 
1.90 

1 0.17 

Smoking Yes  0 
No  14 

0 
0 

0 
0 

0 0 

Gender 
Male  7 

Female  7 
0.51 
1.8 

0.41 
2.60 

12 0.11 

Note. M = Mean SD = Standard Deviation * = p<0.05 Statistically Significant 
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Where an ISS score or 10 or higher suggests more severe injury, and 16 or higher 

indicates an even higher level of injury (Osler et al., 1997), we split patients in three different 

groups based on ISS scores between 0 and 9, 10 and 15, and 16 or higher. We also examined 

patient gender in this manner as well. Interestingly, for the most part sORP and cORP did not 

differ as a function of oxidative burden variables across different categories of ISS (scores of 0 to 

9, 10 to 15, or 16 and higher) as demonstrated in Tables 16 and 17. However, there were 

differences in cORP between patients with diabetes compared to those without diabetes (U=149 

p=<0.05) and those who smoked and did not smoke (U=39 p=<0.01) in patients with ISS<9. A 

difference between smokers and nonsmokers was also found in patients with ISS 10-15 (U=4 

p=<0.01). 

TABLE 16. Split Groups: Trauma ISS 3 Groups Natural Log sORP. 

Group N=93 M sORP (mV) SD F Statistic p 
ISS 0-9 n=52     

Vitamin Use Yes  13 
No  39 

109 
112 

38 
21 4.10 0.78 

Statin Use Yes  21 
No  31 

115 
109 

19 
29 

3.50 0.44 

Consumes Alcohol Yes  18 
No  34 

111 
112 

21 
28 

1.55 0.95 

Diabetes Yes  40 
No  12 

126 
107 

32 
22 

0.65 0.08 

Smoking Yes  5 
No  47 

130 
110 

16 
26 

1.42 0.45 

Gender Male  22 
Female  30 

115 
109 

18 
30 

6.50 0.35 

ISS 10-15 n=27     

Vitamin Use Yes  4 
No  23 

106 
107 

19 
23 0.24 0.92 

Statin Use Yes  11 
No  16 

108 
106 

27 
20 

0.46 0.86 

Consumes Alcohol Yes  8 
No  19 

115 
104 

33 
16 

8.80 0.40 

Diabetes Yes  4 
No  23 

115 
105 

20 
23 

0.02 0.42 
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TABLE 16 - Continued 

Smoking Yes  3 
No  24 

134 
109 

21 
21 

0.03 0.12 

Gender Male  15 
Female  12 

109 
104 

23 
22 

0.26 0.61 
 

ISS 16 or Greater n=11     

Vitamin Use Yes  1 
No  10 

95 
122 

0 
38 

0 0.51 

Statin Use Yes  3 
No  8 

109 
124 

11 
43 

21 0.39 

Consumes Alcohol Yes  1 
No  10 

157 
116 

36 
0 

0 0.31 

Diabetes Yes  1 
No  10 

115 
120 

0 
38 

0 0.89 

Smoking Yes  1 
No  10 

157 
116 

0 
37 

0 0.31 

Gender 
Male  4 

Female  7 
127 
115 

51 
29 

1.40 0.69 
 

Note: M = Mean SD = Standard Deviation * = p<0.05 Statistically Significant 

TABLE 17. Split Groups: Trauma ISS 3 Groups Natural Log cORP Mann-Whitney. 

Group N=93 M cORP (µC) SD U p 
ISS 0-9 n=52     

Vitamin Use Yes  13 
No  39 

-0.68 
-0.90 

1.20 
0.82 

234 
 

0.68 

Statin Use Yes  21 
No  31 

-1.10 
-0.68 

0.76 
0.99 

246 0.14 

Consumes Alcohol Yes  18 
No  34 

-1.01 
-0.76 

0.87 
0.95 

255 0.32 

Diabetes Yes  40 
No  12 

-1.34 
-0.70 

0.73 
0.93 

149 0.04* 

Smoking Yes  5 
No  47 

-1.68 
-0.76 

0.57 
0.91 

39 0.01* 

Gender Male  22 
Female  30 

1.08 
0.67 

0.71 
1.02 

259 0.19 

ISS 10-15 n=27     

Vitamin Use Yes  4 
No  24 

0.55 
0.72 

0.73 
0.82 

0.34 0.73 

Statin Use Yes  11 
No  16 

0.69 
-0.71 

0.76 
0.88 

85 0.86 
 

Consumes Alcohol Yes  8 
No  19 

-0.77 
-0.67 

1.30 
0.71 

72.50 0.85 
 

Diabetes Yes  4 
No  23 

-1.16 
-0.62 

0.66 
0.81 

26.50 0.18 

Smoking Yes  3 
No  24 

-1.86 
-0.55 

0.16 
0.72 

4 0.01* 
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TABLE 17 – Continued  

Gender Male  15 
Female  12 

-0.82 
-0.55 

0.84 
0.74 

70.50 0.34 

ISS 16 or greater n=11     

Vitamin Use Yes  1 
No  10 

-2.30 
0.91 

0 
1.24 

2 0.34 

Statin Use Yes  3 
No  8 

-0.92 
-0.82 

0 
0 

11 0.84 

Consumes Alcohol Yes  1 
No  10 

-2.30 
-0.70 

26 
0 

0 0.11 

Diabetes Yes  1 
No  10 

-0.99 
-0.83 

0 
1.26 

4 0.75 

Smoking Yes  1 
No  10 

-2.20 
-0.70 

0 
1.15 

0.000 0.11 

Gender Male  4 
Female  7 

-0.98 
-0.77 

0.97 
1.37 

14 1 

Note. M = Mean SD = Standard Deviation * = p<0.05 Statistically Significant 

Hypothesis 2B postulated that LOS would be positively correlated with sORP and 

negatively correlated with cORP. Using a Spearman’s correlation, LOS was not associated with 

higher sORP values (rs= 0.15 p=0.15 for cORP rs= -0.09 p=0.42).  

The post hoc analysis by primary diagnosis did demonstrate that patients with chest 

injuries had a longer LOS (9.2 days) compared with the overall mean LOS (5.5 days) as seen in 

Table 18. 

TABLE 18. Length of Stay by Primary Diagnosis. 

Primary N=93 M LOS SD 
Neuro n=42 4.2 3.2 

Skeletal n=36 5.3 3.8 
Chest n=15 9.2 7.5 

Note. M = Mean LOS = Length of Stay SD = Standard Deviation 

LOS also differed by ISS. Patients with ISS>16 had a LOS of (12 days) compared with 

the mean LOS (5.5 days) as seen in Table 19. 
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TABLE 19. Length of Stay by ISS. 

Primary N=93 M ISS SD 
0-9 n=52 9.6 5.5 

10-15 n=27 8.3 3.2 
16 or Greater n=11 12 5.8 

Note. M = Mean LOS = Length of Stay SD = Standard Deviation 

Hypothesis 2C was that sORP and cORP would vary according to disposition after 

hospital stay such that patients eventually discharged to a skilled nursing facility would have 

higher sORP and lower cORP compared to patients discharged to home. sORP values for 

patients discharged home was not significantly different than the patients discharged to SNF 

(109.9 mV (SD) vs. 113.36 mV (SD) (r2 =0.107 p=0.33). cORP values were also similar between 

those discharged to home and those discharged to a SNF (0.70 µC vs. 0.71 µC SNF; r2=-0.124 

p=0.244). 

Findings for the Healthy Participants 

Aim 3 Results 

Aim 3: To determine if plasma sORP and cORP in healthy, community-dwelling elder 

adults correlates with the results of the validated frailty assessments scale scores, and traditional 

oxidative burden variables. Hypothesis 3A was that the plasma sORP and cORP would correlate 

with the results of the frailty assessment scale scores on the four different frailty assessment 

tools. Hypothesis 3B was that sORP and cORP would correlate with or vary as a function of 

traditional oxidative burden variables.  

To address Aim 3 the level of frailty among healthy community-dwelling participants 

was captured using four assessments: 1) Fried Frailty Phenotype (FFP), 2) the Frailty Index (FI), 

3) the CSHA Clinical Frailty Scale (CSHA Scale), and 4) the FRAIL Scale (FS). As in the 
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trauma participants above, sORP and cORP were not normally distributed.  A natural log 

transformation was performed for both. Significance of all statistical tests was set at p<0.05. 

After a natural log transformation, the sORP was normalized; the natural log cORP was still 

abnormally distributed (p=0.02). We also noted that scores on the FFP, FI, CSHA Scale, and FS 

were abnormally distributed. Spearman Correlations were therefore used to examine the 

associations between cORP or sORP and scores on the frailty scales. 

The results of the Spearman’s Correlations between the frailty scale scores and cORP and 

sORP are shown in Table 20. A significant negative association was found between cORP and 

CSHA Scale scores (rs =-0.26 p=0.01), and a significant positive association was found between 

sORP and CSHA Scale scores (rs =0.24 p=0.02). These results indicated that with increasing 

frailty, as measured by the CSHA Scale, there was a corresponding decrease in antioxidant 

capacity. There was also significant positive correlation between sORP and FI scale score (rs 

=0.21 p<0.05). No other scale scores were correlated with the ORP measures.  

TABLE 20. Correlation of the Indexes in Healthy Participants to cORP and sORP. 

ORP FFP FI CSHA FS 
cORP rs=0.11 

p=0.30 
rs=-0.17 
p= 0.10 

rs= -0.26 
p=0.01* 

rs=-0.12 
p=0.27 

sORP rs=-0.10 
p=0.36 

rs=0.21 
p=0.049* 

rs= 0.24 
p=0.02* 

rs=0.12 
p=0.28 

Note. * = p<0.05 Statistically Significant Correlation (two-tailed) 

Student’s t-tests were used to examine differences in sORP as a function of the traditional 

oxidative burden variables including vitamin use, statin use, consumption of any alcohol, 

diabetes, smoking, and gender. The sORP values did not differ as a function of gender, alcohol 

consumption, smoking status, statin use, vitamin use, of the presence or absence of diabetes as 

shown in Table 21. 
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TABLE 21. Comparison of sORP and Traditional Oxidative Burden Variables in Healthy 
Participants. 

Variable N = 93 M sORP (mV) SD t (df) p 

Vitamin use Yes 46 
No 45 

105.18 
109.63 

18.41 
17.27 

1.27 (88) 0.21 

Statin Use Yes 44 
No  47 

106.38 
108.47 

20.89 
14.62 

-3.41 (88) 0.73 

Consumes Alcohol Yes 54 
No 37 

106.37 
108.88 

17.64 
18.37 

-0.88 (89) 0.38 

Diabetes Yes 10 
No   81 

115.05 
106.42 

16.38 
17.93 

-1.52 (88) 0.13 

Smoking Yes 3 
No 87 

90.63 
107.98 

5.43 
17.90 

0.18 (88) 0.08 

Gender 
Male 42 

Female 48 
107.19 
107.59 

17.69 
18.24 

-0.07 (88) 0.97 

Note. M = Mean SD = Standard Deviation 

Student t-tests were also used to examine difference in the cORP as a function of the 

traditional oxidative burden variables including vitamin use, statin use, consumption of any 

alcohol, diabetes, smoking, and gender. Those with daily vitamin use tended to have higher 

cORP values than those who did not take vitamins (1.03 µC vs. 0.78 µC; t= -2.0 p=0.048). 

Participants without diabetes tended to have a higher cORP than non-diabetics (0.99 µC vs. 0.61 

µC; t=2 p =0.045) as did non-smokers compared with smokers (0.94 µC vs. 1.03 µC; t=-0.623 

p=0.53). Gender, drinking, or statin use did not appear to impact cORP in healthy volunteers as 

seen in Table 22.  
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TABLE 22. Comparison of cORP and Traditional Oxidative Burden Variables in Healthy 
Participants. 

Variable Gender M cORP (µC) SD t (df) p 

Vitamin Use Yes 46 
No 45 

1.032 
0.87 

0.67 
1.01 

-2.00 (89) 0.048* 

Statin Use Yes 44 
No 47 

0.97 
0.94 

0.84 
0.78 

0.57 (89) 0.57 

Drinks per week 1 or more 
14 or more 

Yes 37 
No 54 
Yes 10 

0.99 
0.90 
0.92 

0.75 
0.99 
0.49 

-0.88 (89) 
 

-2.65 (89) 

0.79 

Diabetes 
Yes 10 
No 87 

0.61 
0.99 

0.71 
0.87 

2.03 (89) 0.045* 

Smoking 
Yes 3 
No 48 

1.03 
0.95 

0.63 
0.68 

-0.62 (89) 0.53 

Gender 
Male 42 

Female 48 
107.19 
107.59 

17.69 
18.29 

-0.07 (88) 0.47 

Note. M = Mean SD = Standard Deviation * = p<0.05 Statistically Significant 

Summary 

This chapter presented the statistical analyses of the study outcomes according to specific 

aims. One of the major findings across both trauma participants and healthy participants was that 

ORP was associated with two major oxidative burden variables, specifically diabetes and 

smoking. The other major finding was that ORP was correlated with one of the established frailty 

assessment scales, the CSHA. The implications of these results as well as other major points will 

be discussed in the next chapter. 
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CHAPTER 5: CONCLUSIONS 

Purpose of Study 

The purpose of this study was to determine if a novel plasma biomarker of oxidative 

stress was associated with established measures of frailty and oxidative burden variables in 

healthy patients and of a matched physically injured population of elder patients over age 65. 

Our findings suggest an association between oxidative stress and diabetes and smoking. In both 

populations, patients who were smokers and had diabetes had a higher sORP value and lower 

cORP value, indicating a lower antioxidant capacity than those who did not have diabetes or 

smoke. Healthy participants who took a daily vitamin had a higher antioxidant capacity than 

participants who did not take a daily vitamin, indicated by an increased cORP. The last major 

finding in the healthy participant population was that as the CSHA Scale score increased, the 

sORP increased and the cORP decreased, suggesting that sORP and cORP may be oxidative 

stress biomarkers of frailty. 

Discussion of Findings 

Aim 1 

The goal of Aim 1 was to determine, if age, gender and Injury Severity Score (ISS) 

would be associated with increased sORP and decreased cORP in hospitalized, physically 

injured elder adults. The lack of correlation between age, cORP or sORP may have been due to 

the fact that community-dwelling adults prior to injury are in overall better health than their 

counterparts who may not be living independently in the community. Prior studies on frailty and 

trauma have described that as age increased age was an independent predictor of mortality after 

the adjustment for differences in other variables such as injury severity (Hildebrand et al., 2015; 
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Mackenzie et al., 2006; Kuhne, Rucholtz, Kaiser, & Nast-Kolb, 2005). A post hoc analysis of the 

relationship between age and sORP and cORP demonstrated a trend by split groups by primary 

diagnosis, an overall median age of 76 that differed.  For patients with chest injuries, the median 

age was 72. The chosen age cutoff for patients to be considered elderly has ranged from 55 to 80 

years in elder trauma studies (Maxwell et al., 2015), which makes comparisons difficult. This 

was also true in the current study, where a decision was made at the onset to include participants 

65 and older.  

No association between sORP or cORP with the ISS was detected. The injured patients 

group was not evenly distributed by ISS, potentially attributing to this lack of correlation. Over 

half the patients in the study had ISS < 9, which indicated a lower injury severity as the ISS 

range is from 1 to 75 with higher scores > 16 reflecting more severe injuries. Gender was not 

correlated with sORP or cORP. In a previous study of older women (Walston et al., 2006) it was 

found that older women may be more at risk for oxidative stress induced disease.  

Limitations in this aim can be attributed to several factors. Despite a power analysis prior 

to data collection indicating 44 patients would detect overall differences, the size of the study 

sample (N=93) did not allow for a meaningful analysis of sub-group analysis, including 

examination of the severely injured patient group. As previously mentioned, an even distribution 

of ISS may have detected differences. An identified limitation of the ISS is that it does not take 

into account any confounding factors for patients such as comorbidities, polypharmacy, or 

frailty. The ISS scores, when used as a predictor of outcomes, have had substantial limitations 

because they are based on a single organ system can be subjective and not represent a patient’s 

actual  physiologic reserve (Joseph et al., 2014a). The ISS scores have limited ability in geriatric 
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patients because all are obtained post-injury with limited insight into pre-injury physiologic 

reserve (Kasotakis, 2012). Further, we only collected the admission sORP and cORP in this 

study. Prior studies measuring ORP demonstrated an increase in ORP in the days following the 

injury (Rael et al., 2007). A decision was made at time of study inclusion to just include the first 

ORP to better understand findings at admission. 

Strengths of this aim were that prospective design allowed for a variety of patients in 

each injury sub-group and primary diagnoses that reflected the typical injury patterns in the 

population of elderly injured adults regardless of trauma status. 

Aim 2 

The goal of Aim 2 was to determine the relationship between sORP and cORP and the 

traditional oxidative burden variables (use of statins, alcohol, vitamins, tobacco and diabetes) in 

regard to hospital length of stay (LOS) and discharge outcomes in hospitalized, injured elder 

patients. We found significant differences in the sORP and cORP in patients who smoked and 

had diabetes per our postulation that ORP would correlate with the oxidative burden variables. 

The strength of this finding was that ORP may serve as a proxy to the accumulation of oxidative 

damage. This may be helpful in determining the re-dox state post injury in those with a history of 

smoking and diabetes at time of injury. This finding was also consistent with prior studies that 

indicate oxidative stress causes a disturbance in prooxidant-antioxidant balance (Blumberg, 

2004). This study investigated antioxidant depletion as a biomarker of oxidative stress. Our study 

evaluated the assessment of antioxidant concentrations thru sORP and cORP.  

There was no correlation found with either LOS or discharge to home or SNF with sORP 

and cORP. There was a trend toward higher sORP and lower cORP in regard to increased LOS 
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and discharge to SNFs. The post hoc analysis by primary diagnosis did demonstrate that patients 

with chest injuries had a longer LOS of 9.2 days versus the mean LOS for overall trauma patients 

at 5.5 days. LOS also increased with higher ISS scores. Patients with ISS>16 had LOS of 12.0 

days versus the mean LOS for overall trauma patients at 5.5 days. 

There was also a small “red herring” finding in the post hoc analysis in regard to the 

Mann-Whitney test for cORP in which statin use in patients with chest injuries demonstrated 

significance. The cORP level was lower indicating a lower antioxidant capacity.  

Aim 3 

The goal of Aim 3 was to determine if sORP and cORP would correlate with results of 

the validated frailty assessments scores and traditional oxidative burden variables in healthy, 

elder community-dwelling adults. There was a significant correlation of both sORP and cORP to 

the CSHA Scale. As the CSHA score increased the cORP score decreased, suggesting that with 

increasing frailty, as measured by the CSHA Scale, cORP decreased. Further, there were sORP 

increases with increases in the CSHA score. These findings correlate with ORP plasma 

biomarker as a measurement of clinical construct for frailty. sORP was also correlated to the FI 

score. Prior studies have associated low levels of antioxidant capacity with an increased risk of 

frailty (Ble et al., 2006). Oxidative damage has been postulated to be a core mechanism leading 

to frailty (Hubbard et al., 2009). This present study correlates the relationship of frailty status and 

markers of oxidative stress. 

Those with daily vitamin use demonstrated a higher cORP value, indicating a higher 

antioxidant capacity. There was also correlation as with the oxidative burden variables of 
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smoking and diabetes. These findings are likely contributory to frailty trajectory that is impacted 

by the level of oxidative damage accrued during aging. 

Strengths of this aim’s findings are that the CSHA Scale was correlated to the plasma 

biomarker which offers promise in that potentially identifying frailty prior to injury. As was 

discussed in earlier chapters, the CSHA Scale has shown effective correlation with other detailed 

frailty assessment tools, which are more difficult to administer in the acute trauma scenario. This 

assessment tool is easy to use and readily administered in clinical settings since it is clinician 

driven as a judgment-based system that seems to be a reasonable measure of fitness and frailty 

(Rockwood, 2005). The CSHA score is a judgement-based scale by clinicians. However, when 

used in combination with the sORP and the cORP, it may provide a more definitive answer to 

who is frail and who is not. 

General Strengths of the Study 

The plasma biomarker ORP can be utilized to evaluate oxidative stress in geriatric 

patients for measuring redox status. The test is minimally invasive and only requires a small 

sample volume, making it a practical, easy-to-implement method of rapidly gathering an overall 

picture of health in emergency trauma scenarios. All plasma samples were tested in duplicate to 

ensure the consistency of each ORP reading. Further, our study utilized a prospective design with 

two different geriatric populations, both healthy and injured. Our data collection methods were 

strong. We implemented a methodological, rigorous training practice of RN research assistants, 

including didactic meetings and electronic communication for clarification. Further, the PI and 

sub-PI attended all data collection events for the healthy population, ensuring all procedures to 

maintain quality were followed. The sample was adequately powered with an effective size.  
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General Limitations of the Study 

Our samples were gathered from a single institution (trauma populations) and three other 

suburban locations for the healthy population. This has limited our ability to make 

generalizations about dissimilar populations. Further, the concept of ORP is relatively new; thus, 

there are no established values to distinguish which values constitute “high” or “low” levels of 

oxidative stress beyond the studies previously cited in this dissertation. 

It is our hope that these findings will further encourage the further study of ORP. Given 

the science presented in Chapter 1 of this dissertation that ORP measures both oxidants and anti-

oxidants to assess the accumulation of oxidative damage in the micromolecules, it appears that 

both the sORP and cORP can detect these changes in plasma.  The value of a plasma biomarker 

is that they can be taken at the bedside, allowing patients with altered consciousness, pain, or 

sedation to provide a global measure of health without delaying care or increased time to 

treatment. Future studies should continue the research of geriatric patients at additional sites and 

include increased samples sizes, with diverse demographics. Future studies would need to 

examine patients that are severely injured, and focus on the patients at-risk, including those with 

diabetes or with a history of smoking. Continued further research should also examine the frailty 

indices, with the CSHA Scale in particular as a marker of frailty in combination with the ORP 

biomarker. 

Generalizability 

While this sample population was limited in the setting, a single institution and small 

number of alternate locations, the question of what can be done with this information is clear. 

Trauma is not an elective event. The injured elder patient represents a growing cohort without 
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well-defined guidelines for management (Joseph et al., 2014b; ACS TQIP, 2013). It is important 

that assessment tools be further developed to tailor the management of patients at time of 

admission and continue to use the sORP and cORP as a tool to monitor these patients in relation 

to their response to the injury and injury trajectory. 

Implications for Nursing Practice 

Implications for nursing practice include incorporating ORP testing into injury prevention 

efforts to identify high-risk patients. Due to the ease and relative low cost associated with the 

testing, multiple measures along the trauma trajectory can be obtained for relatively little cost on 

subsequent days after admission. Determining the best course of treatment for patients after 

injury in the elder patient can be difficult. Age, co-morbidities, patient preferences, surrogate 

decision makers and the patient’s best interests all have to be taken into account. The findings 

from this study offer some cogent examples of how best to identify frailty in the clinical setting 

when other assessments may not be possible.  

In Chapter 2 of this dissertation, the Model of Frailty and Acute Trauma (MFAT) 

discussed the concept of using the ORP plasma biomarker as a measure to assess frailty in the 

acute trauma episode. There remains wide variability in tools to assess frailty in geriatric trauma 

patients. The results from this study support that the CSHA Scale, which is a clinician 

assessment of patient frailty, when used in conjunction with ORP biomarkers, can be correlated 

to frailty in the clinical setting.  

Future Research 

Numerous opportunities exist for future research on this topic of geriatric trauma and use 

of ORP in conjunction with frailty testing. Creation of robust models that examine larger 
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populations of patients over the age of 65 with diverse injuries as well as severity can further 

examine the relevance of the sORP and cORP. Quantified assessments along the injury trajectory 

in the elder physically injured geriatric patients may help provide a deeper understanding as to 

when the “elder status” begins physiologically. 

Longitudinal studies of tracking a healthy population for changes in the ORP status may 

also contribute to when the change attributed to aging begins. This information would be useful 

in younger adults although functional losses are known to occur most rapidly in the 60-70 year 

age group. 

Animal models may also have a predictive value to be able to plot a trajectory for change 

in ORP as well as developing an integrative model using biological factors to determine the 

cascade of aging. As was described in Chapter 1 of this dissertation, there was a study described 

that included testing the fibroblasts from longer living primates to study oxidative stress as a 

mechanistic hypothesis to explain aging (Csiszar et al., 2012). Prior animal model studies of 

invertebrates demonstrated that the long lived mutants have been resistant to oxidative stress 

(Bokov et al., 2004). Targeted research on the vulnerable “aging population” is critical in trauma. 

Conclusion 

The challenge of caring for a physically injured elder adult in the acute trauma scenario 

can be daunting. It takes time, diligence and the combined efforts of clinicians who are 

knowledgeable. Studies such as this one are needed to unlock the underpinnings of aging on a 

physiological basis. 

Key to providing care is the ability to recognize frailty when seen in patients >65years. 

The findings of this study are that the clinician administered CSHA Scale is correlated with a 
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plasma biomarker. Additionally that diabetes and smoking were also found to be correlated with 

oxidative stress holds promise for future research as an early identification of frailty and may be 

able to better define frailty in the elderly. As has been demonstrated in other studies with ORP as 

a biomarker, this finding will make evaluating treatment efficacy more reliable. The finding that 

there is an increase in the sORP and a decrease in cORP in these patient populations that puts 

them at higher risk suggests a progressive loss of redundancy in physiological systems in 

response to oxidative stress. 

Future research may be able to better determine the variation of medical issues such as 

smoking and diabetes, as being predictors of potential in hospital complications. The testing 

methodology of determining frailty may better define cutoff points in which patients may have 

declining outcomes. While this study focused on in hospital outcomes, outcomes after discharge 

after a trauma event are an area of future study. Lastly, treatment protocols that identify the 

unique issues of physically injured elderly will improve care to this vulnerable population. 
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APPENDIX A: 

PROTOCOL FOR THE STUDY 
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APPENDIX B: 

SURVEY USED FOR HEALTHY PARTICIPANTS 
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