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Abstract In African American and Caucasian populations advanced age and
preexisting co-morbid risk factors such as hypertension and diabetes have differential
effects on the outcome of clinical complications such as systemic inflammatory
response syndrome (SIRS) and sepsis when elderly patients encounter trauma/injury
insult. Worldwide, the life span of the human population is increasing and the ageing
population may become more susceptible to systemic inflammation and infection.
Understanding of the complexities and characteristics specific to post-trauma clinical
complications in the trauma care setting might help in designing strategies to improve
outcomes and lead to the development of efficient patient care and management,
particularly reducing long-term patient hospitalization which is a known risk factor
for the development of infection in the elderly population.
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Introduction

Ageing in general is associated with a decline in health as well as host defense to
environmental insults. Elderly individuals are at higher risk for infection and have often
demonstrated increased susceptibility to systemic inflammatory response syndrome (SIRS)
and sepsis after a traumatic injury that requires hospitalization (Shinoda-Tagawa and Clark
2003; Gomez et al. 2008). Despite more aggressive treatment-strategies some elderly
patients require longer hospitalization which increases their exposure to pathogenic
microbes (Roth et al. 2001; National Trauma Data Bank Annual Report 2007). Worldwide,
sepsis accounts for about 20 million cases every year. In the USA it affects approximately
750,000 people and accounts for 215,000 deaths per year (Stüber et al. 1996; Holmes et al.
2003). According to the database from National Center for Injury Prevention and Control,
>21.9 million people had traumatic injury in 2008, and roughly 15 % individuals were
≥65 years of age (Peschman et al. 2011). Ageing populations are often targets of infection
induced clinical complication such as sepsis, an important cause of morbidity and mortality
among the elderly, particularly after severe trauma and penetrating injury (Roth et al. 2001;
Peschman et al. 2011). However,many traumatically injured patients have exhibited varying
degree of systemic inflammation ranging from no significant clinical effects to SIRS, sepsis
and organ failure leading to death. This is due to the fact that older adults display a broad
range of variations in immune defense mechanisms resulting from impairment or a decline
in immunologic parameters with age (Katz et al. 2004; Gomez et al. 2008).

In addition to old age, surgical procedures and anesthesia that some trauma/injured
patients require has impact on immune modulation, affecting the innate inflammatory
response to the insult (Lewis et al. 2007). Fundamentally, inflammatory response is a host
defense response. Occasionally this responsemay cause deterioration in the condition of the
host depending on endogenous and exogenous factors. Recent evidence supports the impact
of ageing on innate immune response, which is essential for the development of adaptive
immunity and defense against environmental factors (Katz et al. 2004; Panda et al. 2009).

Furthermore, evolutionarily conserved proteins such as Toll-like receptors (TLRs) that
have been implicated in the regulation of inflammation were recently discovered to be
associated with the development of infection and sepsis. These molecules are known for
their ability to recognize and respond not only the distinct microbial structures [pathogen-
associated- molecular patterns (PAMPs)], they also recognize endogenous non-microbial
patterns [damage-associated molecular patterns (DAMPs)] that are released from human
cells by injury, disease and old age (Modlin 2001; Leventhal and Schröppel 2012).

The underlying molecular causes of age-dependent immunologic changes have not
been fully understood. However, evidence suggested that human leukocytes responsible
for inflammatory responses may undergo significant changes during cell injury or cell
death caused by disease, trauma, or old age whichmay affect the regulation and induction
of inflammatory responses important for controlling microbial pathogens (Panda et al.
2009; Desai et al. 2010). Elderly individuals have shown susceptibility to many kinds of
diseases including autoimmune diseases, vasculopathy, non-insulin dependent diabetes,
and infection. In particular, it has been shown that diabetic patients with post-traumatic
injuries that require longer hospitalization are more likely to develop infection and sepsis
than those who did not have diabetes (Kao et al. 2006; Ahmad et al. 2007).

There have been multiple hospital-based studies, using trauma databases to
investigate the impact of co-morbidity risk factors in association with injury severity
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score (ISS) and sepsis (Martin et al. 2003; Lazarus et al. 2005; Bochicchio et al. 2006).
Although ISS is the gold standard for predicting the outcome of trauma, the values may be
controversial in elderly patients (Roth et al. 2001; Bochicchio et al. 2006). A common
speculation for increased morbidity and mortality in elderly patients with trauma would be a
preexisting health disparity such as cardiovascular disease or diabetes (Berry et al. 2012).
Limited studies have reported the impact of racial differences in infection and chronic
disease such as diabetes and hypertension in the incidence of sepsis (Hollis et al. 2006;
Dombrovskiy et al. 2007; Barnato et al. 2008; Redmond et al. 2011). Increasing evidence
suggests that hypertension might be an immunologic disease. Thus, in instances of trauma,
where alteration in immunologic response occurs, individuals with hypertensive vasculature
may exhibit a stronger response leading to tissue damage and the development of systemic
inflammatory response (Dörffel et al. 1999; Harrison et al. 2008). A diagrammatic
hypothetical illustration of the impact of trauma, stress and age is given in Fig. 1.

Due to the worldwide rise in the elderly population, most studies have focused on
health and socioeconomic issues reflecting the elderly wellbeing in the society (Carr
2009; Ghazi-Tabatabaei and Karimi 2011; Johnson and Duraiswamy 2011; Akushevich
et al. 2012). The primary goal of our study has been the development of a screening
tool for early identification of patients undergoing post-traumatic injury complication
with characteristics of SIRS and or sepsis. The objective of this study is to investigate if
advanced age increases the likelihood of developing SIRS and/or sepsis after a

Post Trauma and age related tissue damage

Cell stress

Cell necrosis & apoptosis

Active secretion

Release

TLR4

TLR2

Immature
DC

Cytokines
CytokinesTissue-debris

Hypertension
vascular tissue damage
and tissue debris

Type 2 diabetes
Lipid/fatty acids

Series of events following trauma occur causing
activation and production of pro/antiinflammatory
responses, leading to an immunologic imbalance
or paralysis of the immune system.

Death

Multiple organ dysfunction
Fig. 1 This is a hypothetical model of trauma induced and age related tissue damage leading to inflammation
and cytokine production. A series of events following tissue injury by trauma or ageing occurs, causing
activation of inflammatory immune system. Upon interaction between TLRs (located on macrophages and
dendritic cells) and endogenous molecules or tissue debris released from damaged-cells, an intracellular
signaling cascade becomes activated, initiating cytokine expression and release. Over- production of cytokines
either causes an immunologic imbalance or paralysis of the immune system which may lead to systemic
inflammation, sepsis, multiple organ dysfunction and death.
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traumatic injury in addition to the number of insults or the ISS and health disparities such as
diabetes and hypertension. Furthermore, this study is designed to compare the differences
in the outcomes in African American vs. Caucasian patients in the surgical intensive care
unit (SICU). Improvement in management of clinical complications in elderly patients in
the critical care settings may help the overall patient wellbeing and prevent the need to go to
a long-term care facility which has greater risk of morbidity and mortality.

Materials and Methods

Data Collection and Clinical Characteristics

Charts of a total of 800 trauma patients, who were admitted to the surgical intensive
care unit (SICU) at the University of Mississippi Medical Center (UMMC) between
2006 and mid-2008 were reviewed. Only the 546 patients whose charts contained an
adequate database for this study were included. Health disparities including co-morbid
medical conditions such as diabetes and hypertension were investigated. The criterion
for inclusion and exclusion is presented in Table 1. Patient’s Injury severity score (ISS)
is calculated based on the patient’s anatomical and physiological status when the patient
arrives to the SICU. The ISS is a commonly used numerical system that provides a
reliable estimation of patient status and survival. It is correlated linearly with clinical
outcomes including hospital and other measures of severity of patient’s condition. For
example, an abdominal injury with ruptured spleen represents an ISS = of 25. Fractured
femur or a single rib each represent an ISS = of 3.

Two hundred fifty four patients with incomplete clinical data relevant to this study
were excluded. We have used generalized standard criteria for determination of SIRS
and sepsis. Patients were considered septic when they had two or more of the clinical
signs of SIRS, such as temperature >38 °C or <36 °C; heart rate >90 bpm or
tachycardia; respiratory rate >20 breaths/min, PaCO2 <32 or hyperventilation; white
blood cell counts (WBC) >12,000/mL or <4,000/mL or presence of >10 % immature

Table 1 Clinical criteria for
patient’s inclusion and exclusion

Inclusions

- Patients with blunt or penetrating trauma

- Patients with fall that resulted in injury severity score (ISS)
between 10 and 75

- Patients with stable mental status

Exclusions

- Patients with spinal cord injuries

- Patients with severe head injuries, Glasgow Coma Score
(GCS) <7

- Severe burn injuries

- Coronary artery disease

- Kidney disease

- Rheumatoid Arthritis

- Patients who receive corticosteroids

- Patients with anti-sepsis treatment drug
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neutrophils and a positive culture for microbial infection. However, since some patients
were required to use the ventilator, we excluded respiratory rate (RR) values for those
patients from the list of clinical signs for SIRS. But we included organ failure as one of
the determining factors if RR was not useful.

Statistical Analysis

Patient’s health disparity data, age, race, gender and presenting ISS were analyzed using
a SAS program to determine the effect on the clinical outcomes. A logistic regression
model was used for predication of probability of occurrence of SIRS or sepsis on the
bases of ISS or age, and in the context of possible confounders in relation to clinical
outcomes. A p-value of <0.05 was used for all statistics. P-values were computed from
Cochran-Mantel-Haenszel statistics and adjusted odds ratios were logistic regression.

Results

Global Analysis of Demographic and Co-Morbidity Factors

A total of 546 patients, 261 African American and 285 Caucasian were included in the
data analysis. The remaining patients were excluded due to insufficient data. Health
disparity data (HDD) including diabetes and hypertension were assessed. Other health
disparities such as chronic heart, pulmonary or kidney diseases that previously were
reported to have impact on mortality rates were not included in this study.

For the analysis of frequency distribution of demographic, trauma factors and co-
morbid medical conditions, patients were stratified based on gender and race into the
following three age ranges: <35, 35–64, and 65–100 (Table 2). In an overall analysis the
percentage of patients that exhibited complication free status at post-trauma/injury
decreased with age (no complication %: age <35, 77.7 %; age 35–64, 47.5 % and age
65–100, 2.4 %, p<0.00001, odds ratio =143.5). There was a statistically significant
difference between the two groups, particularly when comparing females and males
separately. Hypertension (HTN) was increased 2.5–3.6 fold in African American female
patients, age <35 than in all other patients in the same age group [(p<0.03, Odds Ratio
(OR) =4.7)]. The incidence of motor vehicle collision (MVC) was highest in Caucasian
females, age <35 and Caucasian males, age 65–100 (p<0.0001). The incidence of
gunshot wound (GSW)was higher in African American patients age 35–64 as compared
with both male and female groups (p<0.0001). MVC was increased a 2.4 fold among
African American male, age 65–100, OR=7.5, and Fall/others was highest in African
American female and lowest in Caucasian male, age 65–100, OR=5.0.

Post-Trauma Induced Clinical Complications Stratified by Race, ISS and Age

During the first global analysis of the data, the presenting ISS had a statistically
significant impact on the development of SIRS and sepsis (p<0.0001). After separating
the study subjects by race and age the ISS remained a significant factor in the
development of SIRS and sepsis for both African American and Caucasian patients
(p<0.0009 to <0.0001), (Table 3). We also observed that age in African American
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patients may have played a significant role in the development of both SIRS (p<0.04)
and sepsis (p<0.03). African American patients <35 years of age were significantly less

Table 2 Demographic, clinical characteristics and trauma factors stratified by age group

African American Caucasian

N=261 N=285

Age range Female Male Female Male

(N=73) (N=188) (N=103) (N=182)

<35 n=22 n=74 n=30 n=54 P value

+ (%) + (%) + (%) + (%)

No Comp. 15 (68.2) 60 (81.1) 16 (53.3) 49 (90.7)

DM 1 (4.5) 3 (4.0) 1 (3.3) 1(1.9)

HTN 6 (27.3)a 8 (11) 3 (10) 4 (7.4) <0.03

MVC 14 (63.6) 35 (47.3) 26 (86.6)b 45 (83.3) <0.0001

GSW 7 (31.8) 25 (33.8)c 0 3 (5.5) <0.0001

FALL/Others 1 (4.5) 14 (18.9) 4 (13.3 6 (11.1)

ISS (Mean ± SD) 20.6±13.87 22.0±11.64 27.56±12.9 21.64±11.06

35–64 n=25 n=84 n=33 n=98

No Comp. 8 (32.0) 25 (29.8) 11 (33.3) 33 (33.7)

DM 14 (56.3) 24 (28.7) 6 (18.2) 20 (20.5)

HTN 16 (64.0) 52 (62.0) 16 (48.5) 57 (58.1)

MVC 19 (76.0) 38 (45.2) 30 (91.0) 71 (72.5)

GSW 4 (16.0) 34 (40.5)d 0 8 (8.1) <0.0001

FALL/Others 2 (8.0) 12 (14.3) 3 (10) 19 (19.4)

ISS (Mean ± SD) 26.3±11.5 23.5±12.56 26.9±9.9 24.7±12.5

65–100 n=26 n=30 n=40 n=30

No Comp. 0 0 1 (2.5) 2 (6.6)

DM 18 (69.2) 16 (53.3) 19 (47.5) 8 (26.6)

HTN 23 (88.5) 23 (80.0) 33 (82.5) 25 (83.3)

MVC 8 (30.7) 11 (36.6) 14 (35.0) 22 (73.3)e <0.0001

GSW 0 0 1 (2.5) 0

FALL/Others 18 (69.3)f 19 (63.4) 25 (62.5) 8 (26.6) <0.0001

ISS (Mean ± SD) 20.6±15.4 15.2±7.8 19.9±10.04 19±6.44

+ (%): Individuals positive for given clinical variables (percentage); Total number in each age group is a
compiled number from motor vehicle collision (MVC), gunshot wound (GSW), and Fall/others
a HTN (hypertension) was a 2.5–3.6 fold increased in African American females, age <35 vs. others in the
same age group
bMVC rate was highest in Caucasian females
c GSW in African American males, age <35
d In age range, 35–64, GSW rate was highest in African American males
e In age range 65–100, MVC was a 2.4- fold increased among African American males
f Fall rate was highest in African American females and lowest in Caucasian males, OR=5.0
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susceptible to the development of sepsis as compared with patients age between 65
and100 years of age (p<0.03). Such incidence was not observed in Caucasian patients
(Table 3).

Health Disparity in the Context of Stratified ISS and Age

Using a multivariate logistic regression model analysis, including injury severity scores
(ISS <15, ISS=15–28 and ≥29), and health disparity (DM and HTN), significant
associations were observed in both African American and Caucasian groups comparing
patients at age <65 vs. ≥65. Data is presented in Figs. 2 and 3 for African American and
Caucasian patients respectively. In African American patients multiple risk factors
variably contributed to the clinical complications in elderly patients aged 65–100. Each
risk factor was evaluated for its potential impact on the outcome of SIRS alone and or
sepsis. HTN was an independent risk factor associated with SIRS and/or sepsis in
elderly patients with a minimal injury score of <15, (p<0.007 and p<0.05 respectively)
as compared with patients with a moderate to severe level of injury. In contrast patients
age <65, with pre-existing HTN were more susceptible to the development of SIRS and

Table 3 Post-trauma induced clinical complications stratified by race, ISS and age

African American Caucasian

N=260 N=285

SIRS a + (%) P-value + (%) P-value

ISS <0.0009 <0.0001

<15 49 (61.25) 40 (51.3)

15–28 86 (78.9) 85 (75.9)

>29 61 (85.9) 78 (82.1)

Age <0.04 <0.004

<35 52 (54.2) 52 (61.9)

35–64 86 (79.6) 98 (74.8)

65–100 40 (71.4) 58 (82.8)

SEPSIS

ISS <0.0001 <0.0001

<15 26 (32.5) 20 (25.6)

15–28 48 (44.0) 45 (40.0)

>29 48 (67.6) 59 (62.1)

Age <0.03 <0.5

<35 37 (38.6) 37 (44.0)

35–64 44 (41.0) 64 (49.1)

65–100 32 (57.2) 28 (40.0)

+ (%): Individuals positive for given clinical variables (percentage)
a SIRS (systemic inflammatory response syndrome). Age and ISS were influential in the development of SIRS
and sepsis in both groups. However, age variation did not have impact in the outcome of sepsis in Caucasian
group. P-values were computed from a chi-square test
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sepsis when their injury level was more than the minimal (ISS=15–28) as compared
with other groups (p<0.05). While pre-existing diabetes (DM) had impact on
susceptibility for SIRS and sepsis at all three categories of ISS in elderly patients, it
was only statistically significant when the ISS was ≥29 (p<0.05 and p<0.01
respectively).

In Caucasians, (Fig. 3) patients age ≥65 with a history of diabetes and/or HTN were
at higher risk of developing SIRS as compared with others when the ISS was between
15 and 28 (p<0.05 and 0.009 respectively). It should be noted that we observed a
higher percentage of SIRS and sepsis in elderly patients with diabetes and HTN when
the ISS was ≥29, but the difference was not statistically significant.

Post-Trauma/Injury Clinical Complications in Elderly Patients

It was observed that an advanced age (65–100) had an impact on clinical
complications such as SIRS and or sepsis. Therefore, we next stratified the data
based on gender, race and ISS in elderly patients age 65–100. As shown in Fig. 4,
the frequency distribution of the incidence of SIRS was increased 1.6-fold in
Caucasian male patients, age ≥65 who had suffered intermediate levels of injury
(ISS=15–28) as compared with African American male patients in the same ISS
range (P<0.05). In contrast, both African American and Caucasian female patients
presented with a higher percent of SIRS, when the ISS was ≥29 as compared with
male patients in the same ISS range (p<0.05). However, the Caucasian female
patients presented with the lowest sepsis when the injury score was ≥29 as
compared with other groups (p<0.04). The incidence of sepsis was increased 2.4-
fold in African American female patients age ≥65 with either minimal ISS or
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Fig. 2 The effects of preexisting health disparities (DM diabetes, and HTN hypertension, No Comp no
complications) were evaluated for the occurrence of SIRS and sepsis in African American patients admitted to
SICU. The analysis was adjusted for ISS and Age
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intermediate levels of injury (ISS=15–28), as compared with Caucasian females
with the same ISS range (sepsis %: 55.5 % vs. 23 % respectively, p<0.045). The
episodes of sepsis were lowest for Caucasian females in all 3 categories of ISS,
indicating that Caucasian females age ≥65 have the least risk of developing sepsis
regardless of the intensity of the injury as compared with others in the same study
category (p<0.04). The underlying mechanisms of such differences require further
investigation.
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Discussion

We have tested the hypothesis that an advanced age and health disparities such as
diabetes and hypertension have different impacts on post-trauma/injury clinical
outcomes in African American patients as compared with Caucasians in the SICU.
The evidence for the effects of co-morbid risk factors such as hypertension and diabetes
were more prominent at an older age in African American patients vs. Caucasians.
These risk factors were associated with higher incidence of SIRS and sepsis after
trauma/injury insults. Worldwide, the life span of the human population is increasing
and the ageing population may become more susceptible to systemic and chronic
diseases. In U.S. elderly patients (≥ 65 years of age) are accounted for >12 % of
population and 64.9 % of sepsis cases as compared with younger patients (Martin et al.
2006), thus, more preventive measures will be needed to reduce long-term patient care.
The length of hospitalization has been a known risk factor for the development of
infection particularly in elderly patients (Shinoda-Tagawa and Clark 2003; Akushevich
et al. 2012). A number of studies have investigated the management of coronary artery
diseases, end-stage kidney and pulmonary diseases, and trauma induced clinical
complications in the general population. They have shown that such clinical conditions
have a drastic impact on the outcome of post-trauma clinical complications,
particularly, the length of hospitalization and mortality rates (Hoste et al. 2003; Merx
and Weber 2007; Zanotti-Cavazzoni and Hollenberg 2009). In addition, it has
previously been reported that preexisting medical conditions have the largest effect
on middle aged patients with minor to moderate injuries (Victorino et al. 2003;
McGwin et al. 2004). However, the differences in age and preexisting health disparities
on the outcome of SIRS and sepsis have not been explored in the context of ethnicity.
In traumatic injury settings, ascertainment of preexisting health information is difficult,
since medical records are not always adequately documented, and the information
obtained from relatives may not be reliable. Such issues in retrospective studies have
been discussed previously by other investigators (Victorino et al. 2003; McGwin et al.
2004). In our study, more than 30 % of the reviewed charts were excluded because of
poor quality data ascertainment. We assessed the potential influence of co-morbid
factors that may have an impact on SIRS and sepsis after a range of traumatic injuries
in elderly patients ≥65, in the context of age, race and gender.

Overall, in a multivariate analysis, adjusting for the ISS and age, old age was an
important risk factor in the development of systemic inflammation and sepsis in
African American patients (p<0.03). However, univariate analysis of the data showed
additional risk factors, particularly in African American trauma patients. HTN and
diabetes were variable risk factors regardless of the ISS. These findings indicated that
the ISS may not fully influence the outcome of sepsis, and patients susceptible to the
development of sepsis were a unique subset with a potential for infection. Nonetheless,
considering the impact of ISS and age demonstrated by others (Dekeyser et al. 2002;
Martin et al. 2006; Ong et al. 2009), as well as in this study, the ISS and age may be the
primary risk factors, and the other factors, such as diabetes and HTN might have
additive effects in the development of clinical outcomes. Although pre-existing health
status was influential in the outcomes, it was not possible to determine in our study.
Thus, in the context of this study, to get a better estimate of the impact of pre-existing
health conditions, a much larger study will have to be conducted.
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Regarding HTN, studies have shown that the inter-individual differences in blood
pressure are under genetic control and particularly, in African American population, the
physiologic system that controls salt retention is influenced by gene variation (Jain
et al. 2002; Hopkins et al.; 2002; Johnson et al. 2009). There is ample evidence
demonstrating the gene-host and gene-environment interactions that play a role in the
morbidity and mortality associated with post-trauma induced complications
(Fernández-Morera et al. 2010; Hildebrand et al. 2011). In our study the impact of
HTN exhibited a variable outcome in the context of age and ISS. African American
patients age ≥65 with HTN presented with a higher percentage of SIRS and sepsis
despite minimal injury (ISS <15) as compared with those patients age <65 (p<0.007, p
<0.05, respectively). In contrast, elderly patients with intermediate level of injury
(ISS=15–28) were less susceptible to SIRS and sepsis as compared with patients age
<65. This indicates that older patients with HTN are more predisposed to vascular
tissue damage due to their disease condition and a minimal trauma may trigger a robust
proinflammatory response making them more likely to develop sepsis. The younger
patients appeared to recover from SIRS when there was minimal trauma, and they did
not develop sepsis. Caucasian patients age ≥65, with HTN also showed an increased
susceptibility to sepsis as compared with those age <65. However, our data was
statistically not significant. This disparity in result is more likely related to multiple
factors that ultimately affect the outcome of sepsis. Variation in the etiology of
microbial pathogens may cause differences in the recovery outcome. Genetic studies
support the potential for the unequal distribution of disease markers associated with
complex disorders such as HTN in different populations (Kunes and Zicha 2009; Wei
et al. 2011). In addition, many genetic markers including cytokine and human
leukocyte antigen (HLA) gene polymorphisms that have been associated with
inflammation-based diseases or infection pathways have been found more frequently
in African Americans than in Caucasians (Ness et al. 2004; Tchernitchko et al. 2005).
Tissue associated antigens including HLA and TLR molecules that are influential in
antigen recognition and the clearance of pathogenic microorganisms have been shown
to decline with age (Boehmer et al. 2004) causing leukocyte dysfunction and reduction
in defense mechanism. The decline in the defense mechanism with old age may vary
among the population. Furthermore, the magnitude of health disparity plays a crucial
role in defense mechanism in the ageing population. Racial and ethnic disparities in
health have been discussed in many studies (Liang et al. 2010; Sarkin et al. 2013;
Zhivan et al. 2012). The underlying mechanisms for decline in defense mechanisms
with age include defects in immunity known as “inflamm-ageing” associated with
disability and impairment to repair. In addition, poor medical decision making and
limited access to medical care are potential risk factors in the development of poor
immune system in elderly individuals.

We also addressed the role of diabetes in the ageing population in trauma induced
clinical complications. In both African American and Caucasian populations, elderly
patients (age ≥65) demonstrated increased rates of SIRS and sepsis if they had diabetes.
However, in African American patients the impact was statistically significant when the
ISS injury was ≥29, whereas, in Caucasian patients the impact was statistically
significant when injury was less severe (ISS=15 and 28). Although diabetes in African
American adults is influenced by the same risk factors that are associated with diabetes
in Caucasians; increasing evidence supports the influence of non-diabetes genetic
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markers that are differentially expressed in African American diabetics vs. Caucasian
diabetics. A recent study has shown that African American patients with Type 2
diabetes had 2–6 times more altered genes than Caucasians patients with diabetes
(Mao et al. 2011). In the same study, gene expression profiling data demonstrated a
significant variation in the signaling pathways associated with innate and adaptive
immune response cells in African American vs. Caucasian patients with Type 2
diabetes. Such variation in immune response genes might be influential in the
development of clinical complications after trauma/injury particularly in ageing
individuals. Elderly patients with diabetes often present with chronic inflammation.
Therefore such patients may respond to a minimal trauma insult rapidly, while some
may also recover from subsequent infection and become less susceptible to sepsis.
However, the same immune system may not function adequately against severe injury
which may lead to the development of sepsis. Elderly Caucasian patients in this study
were more susceptible to SIRS and sepsis when injury was intermediate (ISS=15–28),
but, the incidence of SIRS and sepsis was increased significantly with severe injury in
African American patients. We note that in our study, more African American patients
had Type 2 diabetes than Caucasian patients. Epidemiologic evidence shows that
African Americans tend to be more insulin resistant (Type 2) and have greater insulin
response to glucose than Caucasians (Osei and Schuster 1996; Gower et al. 2002;
Cheng et al. 2012). The difference in the type of diabetes may correlate with the
susceptibility outcome observed in this study. One might also speculate that in elderly
Caucasian patients, the severity of the injury (ISS≥29) could have a higher impact on
the overall pathophysiology and may overwhelm the contribution of preexisting
diabetes.

These findings agree with other reports in the medical literature. Hollis et al. 2006,
have demonstrated significant increases in mortality rates in patients with preexisting
medical conditions (PMC), who had low to moderate ISS. McGwin et al. 2004, have
also shown the adverse effects of severity on the risk of mortality in patients with
chronic medical conditions (CMCs). In fact, it was shown that multiple preexisting
health conditions become a higher mortality risk category despite minor to moderate
injury rates in elderly patients. Our study was in concordance with previous reports in
both African American and Caucasian patients (Table 2), but the end point of our study
was an observation of SIRS and/or sepsis and not mortality.

The impact of age on sepsis was clearly demonstrated in African American patients
but not in Caucasian patients. Furthermore, older African American patients (≥ 65 years
of age) who developed SIRS were at a 1.4-fold higher risk of developing sepsis as
compared with patients age <65. The contribution of differences in lifestyle or
environmental factors cannot be ruled out in this study. Current health education
approach indicates that more health associated information patients have, the better
they manage their illness. Demographic variables such as education levels and ethnicity
play significant role for seeking medical information in the elderly people (Rooks et al.
2012). In addition, older patients with mobility impairments whom require caregiver
and home health care, continuously are at higher risk of developing common illnesses
which diminishes not only the quality of life for them, it reduces the normal immunity
to the pathogens. The protection from sepsis in younger patients may result from
stability of the individual’s immunologic balance that are in part due to the age
regulated genes or from the absence of the age related health disparity in these patients.
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It is known that the immune system gradually undergoes changes due to ageing that
affects both the innate and adaptive immunity (Chung et al. 2009). A result of such
changes is the dysregulation of the immune system and an increase in SIRS arising
from the release of higher amounts of inflammatory cytokines upon exposure to both
internal and external insults. In addition, in some instances a state of low-grade chronic
inflammation referred to as “inflamm-ageing” occurs after age 40–50 (Franceschi
2007) which might provide an excellent environment for the development and
persistence of infection. Our data on the age association of sepsis in African American
patients supports an important observation regarding race and infection. A direct
relevance with regard to age and infection could be the role of Toll-like receptors
(TLRs) in recognizing the pathogenic microorgansms. TLRs are expressed on a variety
of immune response cells, particularly monocytes and macrophages. Through the
signaling by TLRs and monocyte co-stimulatory factors the pathogenic
microorganisms are phagocytized and eliminated from the body. It has been shown
that TLR-induced signaling is reduced significantly in the elderly (Renshaw et al. 2002;
van Duin and Shaw 2007), which could influence the impaired phagocytosis of
microorganism. It was reported by others and us that in African American patients
with sepsis, polymorphisms of TLR-2 and TLR-4 genes were associated with increased
susceptibility to infections and increased incidence of sepsis in SICU patients (Agnese
and Calvano 2002; McDaniel et al. 2007). Such variation in gene expression might
correlate with our findings that older African American patients were more susceptible
to developing sepsis.

In summary this study highlighted that the association of preexisting risk factors
have differential effects on the outcome of clinical complications after trauma/injury
insults in elderly African American vs. Caucasian populations. Caucasian male patients
age ≥65 were at higher risk of developing SIRS with an intermediate level of injury,
than the others of the same age group. Caucasian female patients age ≥65 presented
with the lowest episodes of sepsis regardless of ISS as compared with others of the
same age group. Given the complexity of sepsis, it is more likely that a combination of
epigenetics, preexisting health and social disparity are confounding factors for
diagnosis and prognosis of sepsis, and identification of such factors might have a
significant survival benefit after trauma injury in the elderly population.
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