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Abstract 

 
Title of Dissertation: Outcomes of Older Adults Admitted to a Level I Trauma Center: 

Associations with Pre-existing Medical Conditions and Mechanism of Injury 

Ying Tang, Doctor of Philosophy, 2013 

Dissertation Directed by: Gordon Smith, Professor, Department of Epidemiology and 

Public Health 

Background:  The outcomes of injury and the associated risk factors among older adults 

are poorly understood. 

Objective: To examine the associations of pre-existing medical conditions (PMCs) and 

mechanism of injury (MOI) with the outcomes and to estimate the impact of injury upon 

long-term mortality of older adults. 

Methods: Injured older adults admitted to the Shock Trauma Center, University of 

Maryland Medical Center, between July 1, 1995 and November 30, 2008 were followed 

until the end of 2008. Multiple logistic regression and Cox proportional hazard models 

were fit to analyze the outcomes. Standardized mortality ratios (SMRs) and relative 

survival ratios (RSRs), comparing the observed to the expected proportion of Maryland 

older adult population were calculated. 

Results: Among 6,162 injured older adults, 27% developed in-hospital complications, 15% 

(N=918) died within 30 days of admission, and 43% (N=2,323) of those who were 

discharged died during the follow-up. 

 Hypertension, prior myocardial infarction, congestive heart failure, and chronic 

obstructive pulmonary disease (COPD) were associated with increased odds of in-



	  

hospital complications, with adjusted ORs ranging from 1.2 (95% confidence interval 

(CI): 1.1-1.5) to 2.2 (95% CI: 1.6-3.0). Hypertension was associated with lower odds 

(OR=0.7, 95% CI: 0.6-0.8) while COPD with increased odds of 30-day mortality 

(OR=1.5, 95% CI: 1.1-2.1). All PMCs, except hypertension, were associated with 

increased hazard of death after discharge (adjusted hazard ratios range: 1.1-1.7). MVC 

injuries were associated with higher odds of complications than fall injuries (adjusted 

ORs range: 1.3-2.2).  Older adults with MVC injuries had lower odds of 30-day mortality 

(OR=0.8, 95% CI: 0.6-0.9) and a lower hazard of death after discharge (HR=0.6, 95% CI: 

0.6-0.7). 

SMR was 4.5 (95% CI: 4.1-4.8) at 6 months and 1.4 (95% CI: 1.2-1.5) between 5-

10 years after discharge. The RSR was 91.0% (95% CI: 90.1%-91.9%) at 6 months and 

72.6% (95% CI: 69.3%-75.8%) at 10 years after discharge. 

Conclusions: The associations between PMCs and outcomes are disease-specific. Older 

adults sustaining MVC injuries have a better survival compared to those sustaining fall 

injuries. The impact of injury on mortality is most evident during the first 6 months after 

discharge and can last 10 years.	  
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Chapter 1: Introduction and Objectives 

I. Introduction 

Injury is a major source of morbidity and mortality in the elderly. It has often 

been thought to be a disease of the young, as the majority of hospitalized injury victims 

are between 20 and 40 years of age. However, in recent years, an increasing number of 

injuries has been observed among older adults 65 years of age or over.1 Older adults also 

constitute the fastest growing segment of the trauma population.2, 3 In 2010, 40 million 

adults aged 65 or older, made up about 13% of the total population of the United States. 

Yet, they made up about 25% of all hospital admissions for trauma.4, 5 While the older 

adult population is projected to increase to 88 million in 2040, 4 they are expected to 

account for 40% of all trauma patients. 6 

Injury is not only becoming more frequent among older adults but also leads to a 

great number of deaths, ranking 9th on the list of leading causes of death among older 

adults in the United States.7 In 2008, 46,347 older adults died after a fatal injury, 

accounting for more than 25% of all fatal injuries.7 Many more suffered impaired 

functional status, limited activity, and potentially lower quality of life, after they survive 

the injury.8-11 In spite of the recognized significance of geriatric trauma, there is limited 

knowledge regarding risk factors for worse outcomes in injured older adults, especially 

long-term outcomes. One possible reason for this is that only a limited number of 

epidemiologic studies have been specifically designed to understand geriatric trauma.  

One important factor that may influence what happens after trauma is a patient’s 

pre-existing medical conditions (PMCs). PMCs are highly frequent among injured older 

adults 3, 12-16 and have been implicated as one of the host factors associated with poor 
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injury outcomes, including in-hospital complications,17 in-hospital or 30-day mortality,13, 

14, 16 and long-term mortality after discharge 18-20. Nevertheless, because of variations in 

PMC definition and measurement, coupled with great differences in population selection, 

study design, and analysis methods, findings on the relationship between PMCs and 

injury outcomes among older adults are inconsistent.  

Earlier studies either did not focus on prevalent PMCs among injured older adults 

15, 21-23 or were conducted in non-US elderly populations13, 21-25. Most studies examined 

PMCs in broad disease categories and ignored possible associations with individual 

diseases. It is unclear if all PMCs are similarly associated with injury outcomes or 

whether individual PMCs are associated with specific outcomes. For example, if cardiac 

diseases increase the risk of in-hospital mortality, are congestive heart failure (CHF), 

cardiac arrhythmia, and the other cardiac diseases all predictive of higher risks of in-

hospital complications? Do the associations differ by specific PMCs?  

Injury factors are also important factors affecting injury outcomes. One of the 

injury factors is mechanism of injury (MOI), which describes the circumstance when the 

injury event occurs, including categories of falls, motor vehicle collisions, struck by, 

cut/pierce.7 MOI has most often been overlooked in injury studies, as attention has 

predominantly been directed to the severity of injury. Concerns have been raised that 

Injury Severity Score (ISS) alone may not reflect the true extent of damage sustained by 

massive blunt trauma such as motor vehicle collisions.26 Varying patterns of injury and 

differences in trauma care have been observed among different MOIs in geriatric 

trauma.26-29 Patients injured in motor vehicle collisions often seek care immediately after 

the injury while patients injured in falls tend to delay treatment. The differences in the 
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outcomes are not necessarily or fully reflected by the severity of injury. Very little is 

known regarding whether MOI is associated with outcomes measured shortly after the 

injury among injured older adults. It is also unknown whether older adults sustaining fall 

injuries might fare better or worse long-term post discharge compared to those injured in 

motor vehicle collisions with the same severity of injury. 

Understanding of the possible associations of PMCs and MOI with outcomes 

among injured older adults can help clinical personnel identify those who are more likely 

to experience poor outcomes and perform valid outcome evaluations. The overall 

objective of this study was to examine the associations of pre-existing medical conditions 

(PMCs) and mechanism of injury (MOI) with both short- and long-term outcomes of 

older adults aged 65 or over after acute injuries. Meanwhile, the impact of injury was 

assessed for any lasting impact existing years after the acute injury event. PMCs 

considered in this study were 6 conditions selected based on disease prevalence and 

clinical significance among injured older adults, including myocardial infarction (MI), 

congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), 

hypertension, stroke, and diabetes (non-insulin dependent). MOI included motor vehicle 

collisions (MVCs) and falls, representing 95% of MOI among injured older adults.30 

II. Specific Aims 

 This study had three primary aims. Aims one and two examined the associations 

of PMCs and MOI with outcomes of injured older adults, including in-hospital 

complications (defined as development of pneumonia, renal failure, or cardiac, 

respiratory, infectious, hematological, and vascular complications during hospital stay), 
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30-day mortality (deaths within 30 days of injury admission), and the rate of long-term 

mortality. Aim 3 estimated the injury impact upon long-term mortality.  

Specific Aim 1 To examine the associations between PMCs and the outcomes of injured 

older adults 

Specific Aim 2 To examine the associations between MOI and the outcomes of injured 

older adults 

Specific Aim 3 To estimate the impact of injury on the rate of long-term mortality 

In addition, within each of the primary specific aims, there were a number of sub-aims, 

each of which investigated a different outcome, as described below: 

Specific Aim 1 To examine the associations between PMCs and the risks of in-hospital 

complications, 30-day mortality, and the rate of long-term mortality  

Aim 1.1 To determine whether individual PMCs are associated with the risks of in-

hospital complications (pneumonia, renal failure, cardiac, respiratory, infectious, 

hematological, and vascular complications during hospital stay), including the risk of 

each type of complications and the risk of a larger number of in-hospital complications 

Hypothesis 1.1 1 (presence vs. absence of individual PMCs): Presence 

of an individual PMC is associated with a higher risk of each type of in-

hospital complications compared to those without the PMC.  

Hypothesis 1.1.2 (presence vs. absence of individual PMCs): Presence 

of an individual PMC is associated with a higher risk of developing a 

larger number of in-hospital complications compared to those without the 

PMC.  
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Aim 1.2 To examine the associations between individual PMCs and the risk of 30-day 

mortality 

Hypothesis 1.2 (presence vs. absence of individual PMCs): Presence of 

an individual PMC is associated with a higher risk of 30-day mortality 

compared to those without the PMC. 

Aim 1.3 To examine the associations between individual PMCs and the rate of long-term 

mortality  

Hypothesis 1.3 (presence vs. absence of individual PMC): Presence of 

an individual PMC is associated with a higher rate of long-term mortality 

compared to those without the PMC.  

Aim 1.4: To estimate the proportion of the association between PMCs and the risk of 30-

day mortality that is mediated by in-hospital complications.  

Specific Aim 2 To examine the associations between mechanism of injury (MOI) and the 

risks of in-hospital complications, 30-day mortality, and the rate of long-term 

mortality 

Aim 2.1 To determine whether MOI is associated with the risks of in-hospital 

complications, including the risk of each type of complications and the risk of a larger 

number of in-hospital complications 

Hypothesis 2.1.1 (MVCs vs. falls): Older adults sustaining MVC injuries 

have a higher risk of each type of in-hospital complications compared to 

those sustaining fall injuries. 
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Hypothesis 2.1.2 (MVCs vs. falls): Older adults sustaining MVC injuries 

have a higher risk of developing a larger number of in-hospital 

complications compared to those sustaining fall injuries. 

Aim 2.2 To examine the association between MOI and the risk of 30-day mortality  

Hypothesis 2.2 (MVCs vs. falls): Older adults sustaining MVC injuries 

have a higher risk of 30-day mortality compared to those sustaining fall 

injuries. 

Aim 2.3 To examine the association between MOI and the rate of long-term mortality  

Hypothesis 2.3 (MVCs vs. falls): Older adults sustaining fall injuries 

have a higher rate of long-term mortality compared to those sustaining 

MVC injuries. 

Specific Aim 3 To estimate the impact of injury on long-term mortality among older 

adults who are discharged alive  

Hypothesis 3 (injured vs. un-injured): Injured older adults have a higher 

rate of long-term mortality compared to the general population of older 

adults in Maryland, Baltimore. 

III. Dissertation Overview 

 Chapter Two of the dissertation provides an overview of the literature on geriatric 

trauma. It briefly describes the epidemiology of injury among older adults, including its 

incidence and age-related changes that predispose older adults to poor outcomes after 

trauma.  

 A conceptual model is then introduced to facilitate understanding of all relevant 

factors that may affect what happens shortly or long-term after the injury. Among all of 
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the factors in the conceptual model, PMCs and MOI are described in detail because of 

their importance and the uncertainty in their associations with injury outcomes. In 

particular, the current practice of defining and measuring PMCs is reviewed. To focus on 

diseases that are particularly prevalent and those with clinical significance in geriatric 

trauma care, I examined the following PMCs: myocardial infarction (MI), congestive 

heart failure (CHF), chronic obstructive pulmonary disease (COPD), hypertension, stroke, 

and diabetes (non-insulin dependent). 

 Current literature on geriatric trauma is summarized separately for short- and 

long-term outcomes. Two important short-term outcomes frequently used as indicators 

for quality of acute care in health services research, in-hospital complications and short-

term mortality, are presented, followed by discussion on the interrelationships between 

PMCs and these two short-term outcomes. The limited understanding on the potential 

mediating effect by in-hospital complications on the associations between PMCs and 

short-term mortality is discussed. Meanwhile, the importance of mechanism of injury and 

its associations with trauma outcomes, which are most often neglected in geriatric trauma, 

are highlighted. For long-term mortality, injury impact upon long-term mortality is 

summarized, followed by literature review on its associations with PMCs and MOI.  

 Chapter Three describes the research design and methods for this study. It 

presents participants information along with a short description of the data sources. Study 

measures are then described, followed by the description of statistical methods for each 

specific aim. 

 Chapters Four, Five, and Six contain the dissertation manuscripts. Chapter Four is 

the manuscript presenting the results on the associations of PMCs with the outcomes of 
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injured older adults, including in-hospital complications, 30-day mortality, and the rate of 

long-term mortality (as in Specific Aim One). Chapter Five is the manuscript presenting 

the results of the associations between MOI and the injury outcomes (as in Specific Aim 

2).  Chapter Six describes the impact of injury upon long-term mortality among 

discharged older adults (as in Specific Aim 3). 

 Finally, chapter Seven summarizes major findings and describes the significance 

of the study. The strengths and limitations of the study are then presented, followed by 

the discussion on the implications of these findings on future research in evaluating 

outcomes of injured older adults.  
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Chapter 2: Background and Significance 

I. Definition of Geriatric Trauma 

Trauma is defined as “damage inflicted on the body as the direct or indirect result 

of an external force, with or without disruption of structural continuity.”31 As a medical 

term, it is often used interchangeably with injury, referring to serious or critical bodily 

injury or wound.32 Similarly, Richmond et al 33 defined trauma as “the anatomic and 

physiological derangements induced by the application of external physical forces to the 

body.” Trauma can occur in various circumstances, such as injury caused by a car crash 

or injury sustained during a fall. Injuries can be classified as brain, head, or thoracic 

injury when different body parts are injured. Some injuries are mild or moderate and 

individuals can manage the injury themselves, while others can be more severe with 

much higher urgency in which immediate medical care is necessary to prevent worsening 

of conditions or death. As a heterogeneous disease, trauma is influenced by multiple 

factors, including type and severity of injury, and host factors of physiology, age, health 

and functional status, and even genetic variations.2, 34   

Geriatric trauma is trauma or injuries occurring among geriatric patients. 

Although it might appear self-evident, there is no consensus regarding the age criterion 

for geriatric trauma. Some studies reported that in-hospital mortality increases as early as 

age 403 or 55,21 while others proposed 70 as the cut-off age for triaging geriatric 

trauma.35  

Meanwhile, the types of injury considered in geriatric trauma also vary across 

studies. Some studies include all patients regardless of injury types, whereas, in most 

other studies, patients with isolated hip fractures are excluded. Some include only blunt 
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trauma, excluding penetrating injuries such as knife or gunshot wounds. There have been 

many studies on hip fractures as a unique and distinctive injury. These studies have 

reported increased mortality associated with hip fracture, both short-term (within 1 year 

of injury) and long-term after the injury (beyond 1 year after injury).36, 37 Nevertheless, 

findings regarding hip fracture outcomes do not necessarily apply to general geriatric 

trauma population, since patients treated at trauma centers usually suffer multiple injuries 

with higher severity than isolated hip fracture. With few studies focusing on geriatric 

trauma, there is limited knowledge on whether and how host factors such as pre-existing 

medical conditions and the injury factors such as mechanism of injury predict short- and 

long-term outcomes of geriatric trauma patients.  

In this study, to adopt the more widely used age criterion for older adults and to 

allow for comparison with other social and epidemiological studies, I defined geriatric 

trauma as injuries among patients who were 65 years of age or over at the time of 

admission to a level I trauma center with a primary diagnosis of injury.  

II. Epidemiology of Geriatric Trauma  

As people are living longer, the elderly population has been steadily increasing in 

both absolute number and as a percentage of the total population. 1, 38 The current 

generation of elderly is also living a more active lifestyle than earlier generations, and 

therefore are more exposed to risk of injuries. With these demographic changes, trauma 

centers have seen more and more geriatric patients, who comprise an increasing 

proportion of the trauma population.2, 3 Meanwhile, demand for specialized care to meet 

the needs of geriatric trauma patients becomes more evident, and cost of trauma care for 

this population has also increased greatly.39-41  
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Incidence of Fatal and Nonfatal Injuries 

In 2001, 2.7 million injuries occurred among those aged 65 years or older, 

accounting for 9% of all injuries treated in hospital emergency departments in the US.7 

Seven years later in 2008, the number of injuries among the elderly increased to 3.4 

million, 11% of the total in the country. During this period, the elderly made up about 12% 

of the US population.7 The number of older adults impacted by injury in a year has grown 

by 0.7 million.  

The outcomes are often worse among injured older adults compared to younger 

patients with the same magnitude of injury.42-44 Despite the fact that only 11% of all 

injuries in the country occurred among older adults, 7 they account for 23.5% of 

admissions to a trauma center,5 indicating that injuries among the elderly are more likely 

to be severe and require specialized medical attention. As for fatal injuries, 39,311 older 

adults died of injuries in 2001, accounting for more than 26% of the total fatal injuries in 

that year in the US.7 In 2008, the number of fatal injuries in the elderly increased to 

46,307.7  

 Advanced Age and Age-related Changes 

Geriatric trauma is unique because of its distinctive series of risk factors including 

advanced age and age-related changes. These factors not only underlie the higher risk of 

trauma among older adults but also contribute to subsequent poor outcomes.  

Advanced Age The population of geriatric trauma patients is a 

heterogeneous group in terms of health status and its vulnerability to health deterioration. 

Yet, it is true for all geriatric patients that advanced age makes them more vulnerable to 

poor outcomes after injury.  



	   12	  

Increasing age is an independent risk factor for morbidity after trauma.1, 42-45 

Compared to younger patients, older adults are less likely to recover from injuries and 

have worse functional outcomes. 46 They also have longer hospital lengths of stay (mean 

9.2 ± 9.6 days) compared with younger patients between ages 18 and 65 (mean 8.3 ± 10.0 

days, P < .001). 1 Once admitted to an intensive care unit (ICU), geriatric trauma patients 

also have a longer period of ICU stay compared with younger patients.1, 45  

Injured older adults also have high case fatality even with moderate injuries.3, 21, 

47-49  Nijboer reported that 35% of those patients 55 years of age or older died because of 

the injury, compared to only 20% among those younger than 55.50 In another study in 

Denmark, 25% of those 60-79 and 46% of those 80 or over died within 30 days of the 

injury, while only 10% died among those between 40-59 years of age.51 

Case fatality rate of trauma patients has been decreasing over the years, probably 

as a result of improved care. Nevertheless, the pattern associated with increasing age 

persists. Based on the annual report from National Trauma Data Bank for trauma patients 

admitted in 2010 in the United States, the case fatality was 5.2% in those aged 65-74, 6.8% 

in 75-84, and 7.6% in 85+, compared to 3.5% in 45-54 and 4.2% in 55-64.5  

Age-related changes  Many changes accompany advancing age,52 

including anatomic changes, altered functional status, decreased physiological reserve, 

and pre-existing medical conditions, all of which predispose older adults to higher risk of 

injury, hinder injury diagnosis, and undermine their ability to recover from injury.53, 54 

These changes may reflect the underlying mechanism of worse outcomes observed 

among geriatric trauma patients after the injury insult. Therefore, chronological age alone 
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is not enough to understand trauma, but biological age or underlying health status also 

influence individual’s ability to recovery from an injury. 55, 56  

Anatomic changes develop in older age and make an individual more vulnerable 

to injury. Respiratory muscles degenerate and weaken with increasing age, decreasing 

chest wall compliance and maximum inspiratory and expiratory force,57 causing geriatric 

patients to be more likely to suffer from post-injury complications, such as pneumonia, 

acute respiratory distress syndrome, and respiratory failure.58 Similarly, older adults are 

at particularly higher risk of falls as a result of musculoskeletal changes involving the 

loss of muscle strength and fractures due to the loss of bone density from osteoporosis.  

Functional status declines during aging. As people get older, all five senses 

decline in function. Altered perception and impaired ability to respond can increase 

susceptibility to injury, such as slower response to avoid a car crash while driving a car or 

reduced awareness of an impending fall. 59 Similarly, alterations in depth perception and 

decreased vision and hearing also make it more difficult for older adults to see and hear 

traffic hazards.59 Meanwhile, impaired sensory, mental and functional status, such as 

hearing loss, diminished vision, diminished lower limb perception, and cognitive decline 

also make injury evaluation more difficult because obtaining injury-related information 

from the patients is more difficult. 

Physiological reserve is particularly important for outcomes of geriatric trauma, 

since decreased physiological reserve lowers an individual’s ability to respond to the 

insult of injury. Those who have less physiologic reserve have lower cardiac index, 

adrenergic stimulation, oxygen delivery and consumption, and limited responses to 

compensate for trauma.55, 60 Meanwhile, some of the physiological changes may mask the 
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physiologic expression of the injury57 and make injury diagnosis more difficult. For 

example, older patients are less likely to mount a tachycardic response in the presence of 

occult hemorrhage, resulting in difficulty for trauma surgeons to determine the real 

severity of the injury and recognize shock. Several studies have also reported that systolic 

blood pressure is not a valid indicator of hemorrhagic shock in geriatric patients.61, 62 

In summary, geriatric trauma is a unique disease among older adults, with its 

special characteristics related to increasing age and age-related changes. Although the 

seriousness and uniqueness of geriatric trauma is more recognized than before, there is 

still limited effort devoted to understanding the causes of serious injury outcomes among 

older adults. In fact, elderly trauma patients are, unfortunately, seldom the population of 

study interest, except the hip fracture patients. Questions regarding why injuries cause so 

much morbidity and mortality among the elderly remain largely unresolved, and 

improvement in care and management for older adults is more difficult to achieve.40, 55 

With the continuing epidemic of geriatric trauma, 63 it is necessary and important to look 

into this particular population and to identify the most relevant risk factors for outcome of 

trauma among older adults. 

III. Conceptual Model for Injury Outcomes 

Because of injury’s acute nature, its short-term outcomes are often conveniently 

captured, including those observed during hospital care or immediately after discharge. 

However, the injury-related impact upon the patients is not necessarily limited to the 

period immediately after the injury, but may extend years beyond the injury. Thus, to 

obtain a more complete understanding of injury-related burden among geriatric trauma 

patients, both short-term and long-term outcomes of injury need to be considered. 
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To identify risk factors for short- and long-term outcomes of geriatric trauma, I 

developed a conceptual model shown in Figure 2-1. Relevant factors are grouped into 

host, injury, and acute care factors. Furthermore, these factors are also grouped based on 

the timing of their presence relative to the injury incident, including pre-injury, and short-

term and long-term post-injury. While the social and physical environment is an 

important determinant of injuries, it is beyond the scope of this study. 

Figure 2-1. Conceptual model of injury outcomes and relevant factors*. 

*Solid lines indicate the associations to be examined in this study, and dotted lines are potential 
associations between factors that have been reported or suggested by other studies. 

Pre-injury host factors are patients’ characteristics before the occurrence of injury, 

such as age, sex, race, pre-injury health status, and pre-existing medical conditions. Many 

of these pre-injury host factors have been reported as being associated with injury 

outcomes, suggesting individual status before the occurrence of injury has a role in 

determining how the injury develops. For geriatric trauma patients, pre-existing medical 

conditions appear to be of particular importance because of their close association with 

impaired ability to compensate for injuries as well as their high prevalence among older 

patients. 
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Injury factors describe the characteristics of injury, including severity, body parts 

injured (abdomen, thorax, spine, head, neck, lower extremity, upper extremity), type 

(blunt versus penetrating), mechanism (falls, motor vehicle collisions, struck by, etc.), 

and nature (fracture, dislocation, contusion, etc.). The most studied injury factor is injury 

severity, which is often found to be positively associated with worse outcomes. Different 

injury patterns and outcomes have also been reported in injuries related to different body 

parts21, such as brain or thoracic injury or hip fracture. Older adults suffer primarily blunt 

injuries, and very few sustain or survive penetrating injuries.30   Notably, compared to 

other injury factors, mechanism of injury is more often overlooked in the outcome 

evaluation studies of geriatric patients, and its association with injury outcomes is largely 

unknown. MOI indicates the circumstances when the injury occurs and it may contribute 

additional information on what the injury pattern is, in addition to injury severity. 

Acute care factors are medical care and services provided to the patients either 

before hospital admission or during hospital stay, such as surgery, procedures, and 

medications. Similarly, during post-acute care when patients are discharged from acute 

care facilities, host factors again come into play. Individual’s health status, health 

behavior, and disease conditions might affect the outcomes years after the injury. 

Based on the current literature, understanding of the associations of PMCs and 

mechanism of injury with injury outcomes is quite limited. Therefore, this study aimed to 

examine their role in geriatric trauma, to assess the specific associations of individual 

PMCs with injury outcomes, and to determine whether mechanism of injury is associated 

with short- and long-term outcomes of geriatric trauma.    
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Pre-existing Medical Conditions  

PMCs, referring to chronic medical conditions that a patient had immediately 

prior to the acute event of injury, are important pre-injury host factors to be considered in 

the evaluation of injury outcomes. They are often associated with undermined capability 

to compensate for and recover from injury,64 resulting in high morbidity and mortality 

among geriatric trauma patients.34 Their importance in geriatric trauma is highlighted by 

the fact that, when a chronic medical condition is present, even a moderate injury can 

result in poor outcomes.65  

PMCs are very frequent among injured older adults,19 who demonstrate a higher 

prevalence than older adults in the general population.3, 21, 25 Owing to differences in 

defining geriatric trauma as well as different PMC definitions, reported prevalence of 

PMCs varies greatly among studies, ranging from 18 to 80 percent.12-15 In Gubler’s study 

of 1997, the most frequent PMCs among geriatric patients were cerebrovascular, 

cardiovascular, and respiratory diseases, cancer, and diabetes.19 More recently, the most 

frequent PMCs are reported to be cardiovascular diseases, followed by respiratory 

diseases and diabetes.14 

Definition of Pre-existing Medical Conditions  PMCs have been 

defined in primarily two ways in different studies. The most frequent way to define 

PMCs is to use a pre-defined list of diseases or disease categories.15, 21, 47, 66 In these 

studies, PMCs are included in the list based on their clinical significance in geriatric 

trauma, in terms of disease seriousness. Diseases other than those listed are regarded as 

less serious or not relevant to geriatric trauma outcomes and, therefore, not considered in 

the outcome evaluation. In some other studies, a more general rule is applied to define 
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PMC; that is, any disease or condition reported by the patients or abstracted from patients’ 

medical records is treated as a PMC.14, 16 In this case, all possible diseases, regardless of 

whether it is liver disease or arthritis is considered as presence of PMCs. 

Both methods have their advantages and disadvantages. When using a pre-defined 

list, especially when the list includes a limited number of disease conditions, there is less 

burden in terms of data collection, and data completeness may be less of a concern. 

However, the validity of PMC definition will depend on how completely and accurately 

the pre-defined list captures the significant conditions that are relevant to the geriatric 

population. When disease seriousness is the only criterion, it is possible that rare diseases 

were included, while less serious but more prevalent diseases were excluded. On the 

population level, this may signify a missed opportunity to accurately characterize the 

impact of a disease in geriatric trauma.  

In contrast, to use an inclusive list with all possible conditions does not 

necessitate the assumption of which diseases are significant enough to be considered in 

evaluating trauma outcomes. However, it relies on the assumption that all medical 

conditions are associated with injury outcomes, regardless whether it is arthritis or 

congestive heart failure. In addition, issues with data accuracy and completeness are more 

likely since diseases not reported, recorded, or detected have to be assumed to be absent, 

unless information on all possible diseases is to be collected, which is unlikely and not 

feasible in acute trauma care settings. Depending on patients’ reporting behavior, the 

process of medical charts review, and data collection and recording process, the 

completeness and accuracy of PMCs defined this way would vary greatly across different 

trauma centers. As a matter of fact, Iezzoni et al67 reported that adding more coding 



	   19	  

spaces will not guarantee that PMCs are coded. Similarly, to have an inclusive list of 

diseases is unlikely to guarantee the completeness of PMCs. 

In this study, to focus on the diseases particularly prevalent among geriatric 

trauma patients, I defined PMCs using a pre-defined list, including congestive heart 

failure (CHF), prior myocardial infarction (MI), chronic obstructive pulmonary disease 

(COPD), hypertension, stroke, and diabetes (non-insulin dependent).  

Measurement of Pre-existing Medical Conditions  Among studies 

investigating PMCs, some of them measured PMCs as presence versus absence of any 

disease or any predefined disease.16, 68-70 Comparison across studies is difficult, because 

of great differences in PMC definition, population selection, and injury outcomes 

examined. 

In contrast, when investigating the effect of specific disease categories,14, 16, 21, 24, 

28, 29 studies tended to agree that not all PMC categories examined were associated with 

injury outcomes. Despite the use of different lists of conditions in different studies, a 

group of disease categories stand out as they were consistently found to be risk factors for 

worse outcomes, including cardiac, respiratory, liver, and renal diseases, cancer, and 

immunosuppression. Other diseases such as gastrointestinal diseases, arthritis and obesity 

showed minimal or no effect.29, 66, 69, 71   However, very few studies examined individual 

diseases, and there is limited evidence regarding the specific associations of individual 

diseases with injury outcomes.  

Some other studies considered dose-response relations and investigated the effect 

of the number of PMC categories10, 16, 24, 66, 69 or the number of body systems20 with PMCs  
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on injury outcomes. The reported effect varied among studies, but all supported that more 

PMCs were associated with worse outcomes.  

Several others used the Charlson Comorbidity Index (CCI) to measure PMCs.13, 28, 

72The CCI is designed to be a composite and a more accurate measure of PMCs, since it 

takes account of nature and severity of 17 diseases. However, very few studies on trauma 

adopted CCI to measure PMCs.  

Mechanism of Injury 

Mechanism of injury (MOI) describes the circumstances when the injury occurs, 

including categories of fall, motor vehicle collisions, struck by/against, cut/pierce, etc. 

MOI may be predictive of injury outcomes because patients injured in different 

mechanisms often present with different clinical profiles and different prognostic 

parameters.  

First, varying degrees of force and energy transfer in specific mechanisms can 

result in varying degrees of injury severity and different patterns of injury.26-29 In 

standard practice, injury severity score (ISS), an established score to assess trauma 

severity, is often used to control for the severity of injury. However, disregarding 

mechanism of injury, injury severity alone may not fully reflect the extent of the tissue 

damage, especially for multiple blunt trauma that is commonly seen in motor vehicle 

collisions. In addition, injuries of different mechanisms may appear with different 

urgency and be managed differently. For example, fall injuries usually do not appear to 

be as critical as MVC injuries.28 Patients of falls, therefore, generally experienced longer 

delays to treatment and are less likely to be transferred to a trauma center than those 

injured in MVCs.28  
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In the United States, falls and motor vehicle collisions are the most common 

mechanisms of injury among older adults treated in trauma centers,27, 33, 46, 73 accounting 

for over 90% of all geriatric injuries.5 Penetrating injuries commonly seen in younger 

patients are much less common in the elderly. 

Falls  Incidence of falls increases with age, making older adults the most 

influenced population by fall injuries.41 Falls are also the most common mechanism of 

injury among older adults,7 among whom low-level falls (falls from standing) are most 

frequent.3, 25, 50 While high-level falls are less common, they carry a mortality 

approaching 25%.74 

The frequently injured body parts among geriatric patients who fall are usually 

head, pelvis, and lower extremities. About 60% of fall injuries result in fractures, with the 

hip being the most frequent fracture site. The other 40% include 11% of open wounds, 6% 

of superficial injuries, 4% of dislocation, sprain, and strain, and 20% of other 

miscellaneous injuries (including injury to muscle and tendons, intracranial injury, 

traumatic amputation, injury to internal organs, injury to blood vessels, injury to nerves 

and spinal cord, and eye injury).25 

Compared to fall injuries among younger adults, fall injuries sustained by older 

adults tend to be more severe.75 The overall case fatality for geriatric fall patients in 

trauma centers ranges from 3% to 6%, compared to 1% to 2% among those younger than 

65.30 Although geriatric fall patients make up less than 15% of total trauma admissions 

due to falls, they account for half of deaths due to falls.76  
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Motor Vehicle Collisions  Motor vehicle collisions are the second most 

common mechanism of injury in the older adults, who are either drivers/passengers or as 

pedestrians or cyclists hit by a vehicle involved in a motor vehicle collision.  

In 2009, there were 33 million licensed older drivers (65 years of age or older) in 

the United States, which is a 23 percent increase from 1999. 77, 78 As more older adults 

continue driving in advanced age, they have higher risks of MVC injuries than in 

previous years. Compared to younger adults, a higher proportion of older adults were 

wearing seat belts at the time of the injury.79 They also tend to limit their driving during 

bad weather and at night,80  and they are less likely to drink and drive than other younger 

drivers.79, 81 

Older adults are more susceptible to MVC injuries, despite the fact that they 

usually drive shorter distance and fewer miles per year than younger adults. Among older 

adults 70 years of age or older, the rate of accident per mile driven is more than nine 

times that among those younger.82 In addition, fatal crash rate per mile increases starting 

at age 75 and increase notably after age 80. 83 In 2008, more than 5,500 older adults were 

killed and more than 183,000 were injured in motor vehicle collisions in the US.79 This 

equals a total of 15 older adults killed and 500 injured in MVC on average every day.  

Differences in fall and MVC injuries have been noted. Fall patients are older than 

those injured in MVCs, while injuries among the latter are more severe with a much 

higher case-fatality rate.28, 73. In addition, risk factors for in-hospital mortality have been 

found to differ among falls and MVC injuries.27, 28 Clearly, the potential associations of 

MOI with injury outcomes need to be considered to avoid biased findings.26 In this study, 
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patients injured in falls and motor vehicle collisions were included to focus on the 

majority mechanism of injury in geriatric trauma population in a level I trauma center. 

IV. Short-term Outcomes 

  Short-term outcomes help define injury-related morbidity and mortality burden 

immediately or short-term after the injury incident. Short-term mortality after injury, such 

as in-hospital mortality and mortality during a short fixed period of time after injury, has 

been frequently investigated, since mortality often serves as a standard outcome for 

quality evaluation and improvement. In a trauma setting, however, deaths are not always 

preventable. Thus, some studies also investigated complications during hospital care, 

because they are highly predictive of cost and resource use. Other short-term outcomes 

include length of hospital stay15, 84 and discharge disposition. In this study, short-term 

outcomes of interest are in-hospital complications and short-term mortality. 

  In-hospital Complications 

In-hospital complications are common among geriatric trauma patients, including 

urinary tract infection, pneumonia, coagulopathies, infection, , acute respiratory distress 

syndrome, and multiple organ dysfunction syndrome.  

Elderly patients are at particular risk for infectious complications. Thirty-nine 

percent of patients 65 or older, compared to 17% of younger patients (p < .005), 

developed infection in a study of 3,254 trauma patients.55 A similar proportion of 36.8 

percent was reported in a Canadian geriatric trauma population.28 In an Australian study, 

risk of complications did not vary across age groups among older adults.85 However, 

males appeared to be more affected by complications than females in a hip fracture 

study.86  
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PMCs and Complications  PMCs are one of the many factors that are 

related to the risk of complications after injury among older adults. Older patients with a 

chronic illness are three times more likely to experience complications after injury than 

those without.17 In particular, those who have underlying pulmonary disease or chest and 

lung injuries are at an increased risk for ventilator associated pneumonia, compared to 

those without pulmonary disease or chest and lung injuries.17  

Although the significance of in-hospital complications has been fully realized, the 

prevention and correction of complications continue to pose great challenges to health 

providers since the pathophysiology and risk factors for different complications may vary 

greatly. However, few studies have considered the different types of complications and 

potential varying associations of PMCs with each type of complications. For example, it 

is unknown which PMCs are associated with higher risk of urinary tract infection and 

which PMCs bring individuals higher risks of more life threatening complications, such 

as respiratory failure. 

Mechanism of Injury and Complications  Sampalis et al 28 reported that 

44.6% of older adults injured in a MVC developed in-hospital complications, 

significantly higher than the 35.6% among those injured in falls. Furthermore, the 

average number of complications developed among MVC injuries was 2.9 per patient, 

compared to 2.3 per patient among fall injuries. Although the above finding is not 

adjusted for other factors, it suggested that mechanism of injury may be associated with 

higher risk of developing in-hospital complications.  
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Short-term Mortality  

Depending on varying lengths of follow up, short-term mortality is defined 

differently across studies, including in-hospital mortality or mortality over a fixed period 

of time as long as one year after the injury.  

Although a great number of older adults die at the injury scene or during transport 

to the hospital, these deaths are rarely reported but are excluded in studies on trauma.13, 21 

In a Denmark study which did report pre-hospital deaths among those between 60 and 79 

years of age, over 47% of deaths within 30 days of injury occurred before the patients 

reached the hospital.51 This percentage may be different in the United States and vary 

across different trauma centers. Omission of pre-hospital deaths results in an under-

estimate of the short-term mortality burden related to injury. However, when the study 

interest is concerned with identification of risk factors for injury outcomes, especially 

host factors, it may be appropriate to exclude the immediate deaths as their outcome is 

not modifiable. Therefore, this study will not include pre-hospital deaths and most studies 

reviewed in this analysis also excluded pre-hospital deaths. 

In-hospital mortality is the most frequently used outcome for short-term mortality, 

because information regarding deaths occurring during hospital care is routinely recorded 

and conveniently available for research. In-hospital mortality of geriatric patients ranges 

from 4% to 38%.19, 27, 85, 87 Meanwhile, some researchers have noted delayed mortality, 

relative to in-hospital mortality, such as deaths within 30 days, 60 days, or 1 year after 

discharge,88-90 suggesting that including deaths following hospital discharge is a more 

adequate assessment of short-term mortality following trauma compared to hospital 

mortality91.  
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Pre-existing Medical Conditions and Short-term Mortality  The first major 

study of the impact of PMCs on in-hospital mortality was a case-control study,66 

comparing 3,074 trauma deaths in 1983 to 9,869 injured survivors matched by ISS, age, 

and hospital. The results showed an increase in the relative odds of death for any PMC 

versus no PMC in less severely injured patients of all ages (ISS < 13), but not among 

older patients with severe injuries.66 This finding that PMCs are not associated with 

short-term mortality among severely injured older adults was replicated in other 

subsequent studies.13, 14, 69 Meanwhile, presence of PMCs, compared to absence of PMCs, 

was associated with significantly higher risk of in-hospital death among geriatric patients 

with mild injuries (ISS<15), with relative risk of 1.9 (95% CI: 1.7-2.1) in McGwin’s 

study 16 and a similar odds ratio of 2.0 (95% CI, 4.4-8.0) in a UK study14. Another study 

reported a much stronger effect with an odds ratio of 5.9 (95% CI, 4.4-8.0) among those 

mildly injured.14 It has been suggested that when older adults sustain severe injuries, risk 

of mortality from injury alone was sufficiently high and the effect of PMCs was 

negligible, resulting in a lack of association between PMCs and in-hospital mortality. 

However, some other studies reported different findings. Wutzler et al 21 reported 

that the presence of a selected number of diseases is associated with in hospital mortality 

and the associations varied by different injury patterns, such as head or thorax injuries. 

Another recent study measured PMCs by CCI and did not find associations of PMCs with 

in-hospital mortality, after controlling for age, sex, injury severity, number of injuries and 

mechanism of injury.28 More surprisingly, a Japanese study reported decreased mortality 

rate among older adults 75 years of age and over, comparing those with PMCs to those 
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without.24 The authors stated this may be caused by the fact that PMCs of elderly patients 

were well controlled in Japan.  

 The effect of in-hospital complications on the associations of PMCs with short-

term mortality  Regarding associations of PMCs with short-term mortality, the 

current literature is limited because of its lack of clarity related to the cause of injury-

related mortality: it is unclear whether the post-injury deaths resulted from PMCs or from 

in-hospital complications, or a combination of these two factors.34, 92 Potentially, 

complications may lie on the causal pathway between PMCs and short-term mortality, 

and the effect of PMCs on mortality is transmitted through complications. In this case, 

PMCs are the underlying cause and complications are in fact not predictive of mortality 

on their own. On the other hand, it is also possible that both PMCs and in-hospital 

complications are independent risk factors for short-term mortality.  

No earlier studies have investigated in-hospital complications as a potential 

mediator in the relationship between PMCs and short-term mortality. Some studies 

omitted complications in the analysis, providing the overall relationship between PMCs 

and mortality. Yet, the opportunity of measuring the effect by complication is missed, 

and the extent of the mediated effect and potential impact of complication-targeted 

interventions upon mortality reduction may not be realized.28 Some other studies treated 

in-hospital complications as a confounder without validating it as a potential mediator. In 

this case, the study findings provide an estimate of the direct association between PMCs 

and mortality instead of the total association (direct and indirect) which the study meant 

to estimate. The overall association is likely to be underestimated, depending on the 

extent of the underlying mediated effect or the frequency of complications. For example, 
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in the study by Richmond et al, PMCs were not associated with mortality, but they 

increased the odds of developing an in-hospital complication, which significantly 

increased the odds of death.33 One possible explanation for the lack of association 

between PMCs and mortality may be that in this particular population, the majority of 

PMCs effect was mediated through complications. Therefore, when complications are 

controlled for, it appears that PMCs are not predictive of mortality.  

To achieve a better understanding of how PMCs lead to mortality, the potential 

mediated effect by in-hospital complications needs to be considered. If significant 

mediated effect by a particular type of complications is evident, the pathway between 

PMCs and short-term mortality is no longer a “black box”. Instead, complications explain, 

at least partially, how PMCs affect mortality. This information will have important 

clinical implications for geriatric trauma care and management, where resources and 

efforts could be invested to target complications prevention and design corresponding 

interventions among those with a specific disease. In addition, early triage of patients to 

more intensive care and monitoring when complications with significant mediating 

effects are present could also decrease PMCs-related mortality. Meanwhile, this analysis 

also provides a model for future studies on how to handle in-hospital complications when 

evaluating short-term mortality.  

Mechanism of Injury and Short-term Mortality  Although with limited 

evidence, an independent relationship between MOI and in-hospital mortality has been 

reported.26, 85 Using data from National Trauma Data Bank, Haider et al26 reported a 

significantly higher risk of in-hospital deaths with an odds ratio of 1.7 for MVCs 

compared to fall injuries. This study had a very large sample size for each mechanism of 
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injury, but it had a population with primarily younger and middle-aged patients. 

Therefore, the study findings may not reflect the true association in a geriatric population. 

In a study with geriatric trauma patients, fall injuries were associated with significantly 

higher risk of death, with an odds ratio of 5.1 (95% CI, 1.8-14.2), compared to MVC 

injuries, after controlling for age, sex, injury severity, and number of injuries.28 

Overall, MOI has been poorly studied. Studies, which did include MOI in their 

analysis, usually included all types of mechanism and compared other mechanisms to fall 

or MVC injuries. However, some types of MOI, such as diving, cutting and piercing, are 

rare among older adults, and the interpretation of  findings is likely to be limited by the 

small sample sizes for these mechanisms. On the other hand, Grossman et al combined all 

mechanisms except for fall injuries as one group, which is unlikely a homogenous group 

as it includes disparate injuries such as MVCs and gunshots. Therefore, analysis using 

this classification may not result in valid or interpretable findings regarding MOI.29  

V. Long-term Mortality 

 Since injuries usually present with acutely, it seems natural to investigate 

outcomes immediately or short term after the injury incident. However, it is of equal 

importance to consider the potential long-term impact associated with the injury, as these 

effects may linger years following the injury, resulting in decreased functional status,11 

lower quality of life9, and premature death.20, 93-95    

 There is a systematic review of studies on long-term mortality following injury in 

working-age adults. 94 However, much less effort has been invested in following up 

geriatric patients after injury, possibly as a result of high mortality rate in this population 

regardless of injuries. In addition, unlike in-hospital deaths, which can be easily 
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documented, what happens to geriatric patients long-term is more difficult to ascertain. 

These two factors have contributed to our limited knowledge about the potential lasting 

impact on mortality in geriatric trauma patients.  

Pre-existing Medical Conditions and Mechanism of Injury  

Individuals with PMCs are expected to have higher mortality rate than those 

without. However, it is unclear whether older adults who survived an injury are similarly 

affected by PMCs as those who are not injured, or if there is a stronger impact of PMCs 

among those injured.  

One of the earliest studies with long-term follow-up of elderly trauma patients 

included 9,424 patients (aged 67 and greater) hospitalized for injury in 1987. It reported 

PMCs as an independent predictor for mortality 5 years after injury.19 As the Charlson 

Comorbidity Index (CCI) increased from 1-3 to 10-13, relative risk of death increased 

from 2.0 to 8.4 compared to those with CCI of 0.19 

In another study, those with 3 to 4 PMCs had a significantly higher rate of death 

(hazard ratio=2.0; 95% CI, 1.1-3.8) within 5 years after injury compared to those without 

PMCs, after controlling for demographic characteristics, health, and functional status.10 

Mortality rates were also higher among those with 1-2 or 5-10 medical conditions, 

although without achieving statistical significance.10 A more recent study by Davidson et 

al did not find association between PMCs and long-term survival, but it included a 

population with primarily young adults.72 

Criddle et al compared 5-year survival of geriatric trauma patients treated in 

Oregon and reported that those injured in falls had a significantly higher risk of death 

after discharge (hazard ratio=1.88, 95% CI: 1.69-2.09), compared to un-injured older 



	   31	  

adults 20 Injury severity, however, was not found to be associated with mortality after the 

injury incident.20 

VI. The Impact of Injury 

High mortality rates are evident among geriatric trauma patients after injury. Yet, 

it is unclear to what extent this is associated with the injury event rather than increasing 

age. Many studies involving long-term follow-up of trauma patients reported 

significantly higher mortality rate among older patients compared to younger patients.96, 

97 However, it would be misleading to attribute this identified difference in mortality 

solely to injury, as high mortality rates are an inherent characteristic of the geriatric 

trauma population. Therefore, without a comparison population of un-injured older adults, 

these studies were not able to disentangle the injury impact from that related to increasing 

age.  

To estimate the impact of injury on life expectancy, survival of injured older 

adults needs to be compared with that of uninjured older adults. Gubler et al 19 reported 

an overall relative risk of 1.6 (95% CI: 1.5-1.6) for death within 5 years after injury, 

compared to uninjured older adults, controlling for age, sex, race, and PMCs. Among 

those who survived 1 year or 3 years, the relative risk was 1.4 (95% CI, 1.4-1.5) and 1.4 

(95% CI, 1.3-1.4), respectively. In particular, much stronger injury impact is noted 

among those with very severe injuries (ISS >=25), in whom the relative risk of mortality 

of injured older adults is nearly 6 times of that of uninjured. This finding suggests that 

geriatric trauma patients are adversely affected by injury even 5 years after the injury. 

Another similar study with 6 years of follow-up after injury found a comparable hazard 

ratio of death of 1.5. 10 However, it is not clear whether geriatric patients with or without 
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PMCs, and whether those injured in falls or MVCs, are similarly or differently impacted 

by injury in terms of long-term mortality rate. 

Higher-than-expected number of deaths have been noted among geriatric trauma 

patients compared to general older adult population, but earlier studies have either been 

limited by small sample sizes,10 by being overly represented by younger patients, 72, 98or 

by incomplete18 or only short-term (<=one year) follow-up88-90 In addition, many studies 

followed up patients in 1990s or early 2000’s 18-20and their findings may not reflect the 

current long-term survival of geriatric trauma patients.  

VII. Summary 

PMCs are prevalent among injured older adults and have been indicated as risk 

factors for worse outcomes. However, it is unclear how individual PMCs are associated 

with injury outcomes and whether the strength of associations varies for different PMCs. 

There is also limited evidence on the association between MOI and outcomes of geriatric 

trauma patients. Overall, more efforts have been invested in studying the short-term 

outcomes after trauma, while few studies have addressed the long-term outcomes and the 

impact of injury upon long-term mortality after discharge from acute care settings is 

largely unknown. 
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Chapter 3: Research Design and Methods 

I. Overview 

 This study is a retrospective analysis of Trauma Registry (TR) data at the R 

Adams Cowley Shock Trauma Center (STC), University of Maryland Medical Center, to 

determine the associations of pre-existing medical conditions (PMCs) and mechanism of 

injury (MOI) with outcomes of injured older adults (Figure 3-1). The PMCs under 

investigation included hypertension, stroke, congestive heart failure (CHF), myocardial 

infarction, chronic obstructive pulmonary disease (COPD), and diabetes (non-insulin 

dependent). Mechanism of injury included unintentional fall and motor vehicle collision 

(MVC), comprising the majority of injuries among older adults.  

Specifically, study aims were to examine the associations of individual PMCs and 

MOI with the risks of in-hospital complications, 30-day mortality, and the rate of long-

term mortality (Aims 1 and 2).  The possible mediating effect by in-hospital 

complications on the associations between PMCs and 30-day mortality was estimated 

(Aim 1.4). This study also assessed the injury impact upon long-term mortality, 

comparing observed mortality rate among injured older adults to the expected rate among 

the general older adult population (Aim 3). 

II. Study Design 

This is a retrospective cohort study of injured older adults admitted to a level I 

trauma center between July 1, 1995 and November 30, 2008, all of whom were followed 

from the time of injury admission until December 31, 2008.  
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PMCs 
 (Presence vs. Absence) 
•Hypertension 
•Stroke 
•Myocardial infarction 
•CHF 
•COPD 
•Diabetes 

Mechanism of injury 
•MVCs vs. Falls 

In-hospital complications 
•Occurrence of each type 
•Number (1, 2-3, >=4) 

Long-term mortality 
(Observed) 
•Time to death 

Long-term mortality 
(Expected) 
•Time to death 

Injury status 
•Injured vs. un-injured 

Aim 1.1 

Aim 1.2 Aim 1.3 

Aim 2.1 Aim 2.2 Aim 2.3 

Aim 3 

Aim 1.4 

Figure 3-1. Exposures and outcome variables for specific aims. 

30-day 
mortality 
•Yes vs. No 
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Participants 

Participants of this study were trauma patients selected based on the following 

inclusion criteria: (1) 65 years of age or over on admission to the STC; (2) admitted 

between July 1, 1995 and November 30, 2008; (3) mechanism of injury being an 

unintentional fall or motor vehicle collision (including motor vehicle occupant, 

pedestrian, motorcycle, and cyclist injuries). For the analyses regarding the outcomes of 

in-hospital complications and 30-day mortality, all participants who met the selection 

criteria mentioned above were included. For the examination of long-term mortality, 

participants who met two additional criteria were eligible for long-term follow-up: (1) 

discharged alive from the STC; (2) length of survival after discharge equal to or greater 

than 1 day.  

Study Site 

The STC is a level I trauma center (providing the highest level of trauma care). It 

has been the primary resource for critically injured adults in the State of Maryland for 

more than three decades. Currently, there are about 7,000 patients admitted to the STC 

every year from a catchment of roughly 6 million people from an area over about 12,000 

square miles.2  

The majority of patients in the STC are admitted within 1 hour after injury, and 

about 80% are transferred directly from the scene of injury.99 Patients admitted to the 

STC are more likely to have suffered from severe and multiple injuries, while those with 

less severe injuries, or isolated hip fractures, tend to seek care in local hospitals, clinics, 

or at their physician’s offices. Injury characteristics of the patients are comparable to 

those admitted to trauma centers throughout the United States.99, 100 



	   36	  

III. Data Source  

Trauma Registry (TR) Data  

I used data from the TR maintained by the STC, which has been linked to death 

certificate data for deaths that have occurred in the United States by December 31, 2008. 

The TR was established in the mid-1980s, collecting information including 

patient demographics, injury details, and emergency and hospital medical care and 

services provided. Data from the TR are submitted to both the State of Maryland and the 

National Trauma Data Bank. Trauma scoring is done via web-based interface with the 

state Collector system and then recorded into tables in the STC registry. All other 

information is abstracted from patient records using pick-list definitions.2  

The TR data had been processed to include only the last admissions when 

multiple admissions are present between July 1, 1995 and November 30, 2008. I 

extracted patients’ demographic information, injury details, and clinical outcomes from 

the TR for this study. 

Death Ascertainment and Data Linkage Records with patients’ first name, 

last name, date of birth, sex, with or without social security number at TR were prepared 

and sent to National Center for Health Statistics in 2010 to ascertain deaths occurred 

between July 1, 1995 and December 31st, 2008, using National Death index (NDI). NDI 

retrieval report provided possible death record matches for this cohort of patients. Both 

deterministic and probabilistic data linkage were applied to link the death certificate data 

with TR data.  

Death Certificate Data  Information on the death certificate for 

identified deaths include demographic information (name, sex, date of birth, marital 
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status at death) and detailed death-related information, such as death certificate number, 

date, place, underlying and multiple causes of death. In this study, date of death was used 

to determine whether deaths occurred within 30 days of injury and the length of survival 

after discharge for those who died during the follow-up. 

Population Mortality Data 

The population mortality data were retrieved from Wide-ranging Online Data for 

Epidemiologic Research (WONDER), Centers for Disease Control and Prevention, 

including the number of individuals at risk, the number of deaths, and the proportion of 

survival in each calendar year (death rate in a calendar year) for each sex, race and age 

groups in the state of Maryland (See Appendix 1). The population mortality data were 

used for the calculation of the expected number of deaths. 

IV. Measures 

The exposure and outcome variables are defined in detail, followed by description 

for potential confounders, covariates, and mediators. 

Definition of exposures  

Pre-existing Medical Conditions (PMCs)  In order to examine PMCs 

that are particularly relevant to injured older adults on the population level, six individual 

diseases prevalent among the study sample were included for analysis: myocardial 

infarction (MI), congestive heart failure (CHF), chronic obstructive pulmonary disease 

(COPD), hypertension, stroke, and diabetes (non-insulin dependent).  

In the TR, dedicated trained Trauma Registry coders collect information on PMCs. 

They review charts regularly and record the presence of individual medical conditions. 

The disease types collected in the TR include cardiac, endocrine, gastrointestinal, 
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gynecological, hematologic, liver, neurological, renal, pulmonary, thyroid, vascular 

diseases, HIV, immunosuppression, malignancy, obesity, past surgeries (See Appendix 2).  

International Classification of Diseases, Ninth edition, Clinical Modification 

(ICD-9-CM) coding is used at the STC to record individual diseases, and was used to 

identify PMCs defined in the current study (See Appendix 3). In the examination of the 

association between the presence of individual PMCs (yes vs. no) and injury outcomes, 

older adults with a specific disease were compared to those without this specific disease. 

For example, regarding diabetes and the risk of pneumonia, patients with diabetes were 

compared with those without diabetes in terms of their risks of developing pneumonia 

during the hospital stay. 

Mechanism of injury (MOI)  Information on the mechanism of injury is 

also recorded in the TR by the coder who reviews case reports, identifies the cause of 

injury, and assigns the mechanism of injury. It is recorded with ICD-9 external-cause-of-

injury codes (E-code) along with a short description (See Appendix 4).  

To focus on the majority of injury mechanisms among older adults, only patients 

sustaining unintentional motor vehicle collision (including occupant, motorcyclist, 

bicyclist, pedestrian, and unspecific MVC injuries) or fall injuries were included, which, 

made up about 80% of all injuries among the injured older adults at the STC. The 

framework of E-code groupings for presenting injury mortality and morbidity data 

recommended by Centers for Disease Control and Prevention 101 was applied to identify 

unintentional fall (E880.0-E886.9, E888) and MVC (E810-E819(.0-.9)) injuries. In this 

study, MOI was a binary variable, defining exposure to either an unintentional fall or an 

unintentional MVC injury.  
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Injury Status  To allow for a comparison of long-term mortality between 

trauma patients and the general population, the variable of injury status was created with 

value of 1 for all injured older adults included in this study and 0 for the Maryland 

general older adults. By definition, all the trauma patients were exposed to injury and the 

general population, except for a small number, is not. Injury status was treated as a binary 

variable indicating exposure or lack of exposure to injury. 

Definition of outcomes  

In-hospital Complications In this study, in-hospital complications among 

injured older adults  are defined as the development of pneumonia, renal failure, cardiac, 

respiratory, infectious, hematologic, and vascular complications during hospital stay.  

Information regarding in-hospital complications collected in the TR included the 

occurrence of specific complications as recorded by ICD-9 code, which was used to 

identify each individual complication. For the purpose of aggregate analysis of the risk of 

each type of complications as defined in this study, individual complications were 

grouped into seven types as defined in the current study (See appendix 5). 

Development of a specific type of in-hospital complication was a binary variable, 

indicating whether a patient developed the complication during hospital stay. One binary 

variable was created for each of the seven types of complications: pneumonia (yes/no), 

renal failure (yes/no), cardiac (yes/no), respiratory (yes/no), infectious (yes/no), 

hematologic (yes/no), and vascular (yes/no). The number of types of in-hospital 

complications was an ordinal variable (1, 2-3, >=4), counting the total number of types of 

complications for each patient among those with at least 1 complication.  



	   40	  

30-day mortality Because death shortly after discharge is likely among older 

adults, in-hospital mortality may miss those deaths immediately after the discharge. 

Therefore, 30-day mortality from injury admission, instead of in-hospital mortality, was 

used in this study to capture acute injury deaths.  

To determine 30-day mortality, information on the date of death and the date of 

admission recorded in the TR were used to determine whether and when death occurred 

(Ideally, date of injury should be used to determine 30-day mortality. However, date of 

injury was poorly collected in the TR and date of injury admission was used instead). For 

patients with the interval between injury admission and death dates less than or equal to 

30 days, these deaths were treated as deaths within 30 days of injury. For those whose 

deaths occurred beyond 30 days of injury admission and those who were still alive at the 

end of the study period (December 31, 2008), they were treated as alive on the 30th day 

after the injury admission. The outcome variable of 30-day mortality was a binary 

variable, indicating whether death occurred within 30 days of the injury admission.  

Time to all-cause death To examine the all-cause mortality of older adults 

after discharge, patient’s vital status on December 31, 2008, dead or alive, was 

determined with death certificate information. Since the outcome variable is all-cause 

mortality, only the date of death will be applied to determine death occurrence and time 

of death, regardless of the causes of death.  

For patients who died during the follow-up, time to death was calculated as the 

time (in days) between discharge and death. The time is censored for those who were still 

alive on December 31, 2008, and equals the number of days elapsed between discharge 

and December 31, 2008.  
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Potential covariates and confounders 

Potential covariates and confounders to be considered in this study include pre-

injury host factors and injury factors, which have been reported to be associated with 

injury outcomes.  

Pre-injury host factors include age on admission (in years), race (white, black, 

other), sex (male, female), obesity (yes, no), tobacco use (yes, no), alcohol dependence 

(yes, no), and blood alcohol concentration (BAC) on admission (not tested, >=0.08%, 

<0.08%). When categorization was needed for stratification analysis or when non-linear 

association was evident, age was categorized into levels of 65-74, 75 -84, and 85 and 

over. To consider possible changes in trauma care over the years, patients were grouped 

into 3 cohorts based on the year of admission: 1995-1999, 2000-2003, and 2004-2008. 

In this study, ISS102 .103 was included as a potential confounder and was 

categorized into 3 groups, mild or moderate (<15), severe (16-24), and massive (25-75). 

Other injury factors were included for descriptive purposes, but not for statistical 

regression analyses, including the number of injured body parts, the Glasgow Coma Scale 

(GCS), nature of injury (including fracture, sprain/strain, dislocation, 

superficial/contusion)  

In the analysis of the associations between PMCs and injury outcomes, 

mechanism of injury was included as a potential confounder, in addition to pre-injury 

host factors and ISS. Similarly for the analysis of the associations between MOI and 

injury outcomes, PMCs were included as potential confounders. 
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Potential mediators 

In-hospital complications were considered as potential mediators of the 

associations between individual PMCs and 30-day mortality, in the estimation of the 

magnitude of the mediating effects of in-hospital complications in Aim 1.4. In order to 

provide complication-specific mediating effects, binary variable for each type of 

complication was used. 

V. Statistical Analysis 

Preliminary analysis  

Descriptive statistics for pre-injury host and injury factors were calculated for 

older trauma patients in groups defined by whether the patient had the outcome of interest 

or not (Aims 1 and 3) or by exposure (Aim 2). The goal was to examine the distribution 

of each variable as well as to check for outliers and missing data in the database.  

The associations of categorized covariates with categorical exposures or outcomes 

were assessed using chi-square test or Fisher’s exact test. For continuous or ordinal 

covariates, Wilcoxon rank sum test was used for comparing medians or testing the 

associations of covariates with binary or ordinal exposure and outcome variables. When 

analyzing the outcome of time-to-death after discharge, log rank test was used for its 

associations with the categorized exposures and covariates.  

Logistic regression analysis to compare the odds of in-hospital complications 

(Aims 1.1 and 2.1) 

For Aim 1.1, to evaluate if individual PMCs are associated with the risk of 

developing a specific type of in-hospital, a logistic regression model for each type of the 

in-hospital complications was used to compare the odds between those with an individual 
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PMC and those without. For the outcome of the number of in-hospital complications, an 

ordinal logistic regression model was constructed. 

PMCs along with all of the potential confounders and covariates were added at 

one time to construct a full logistic regression model. Variables were then removed from 

the model one at a time in the reverse order of their importance (in terms of strength of 

association found in preliminary analysis). That is, the less important covariates or 

confounders were removed first followed by more important ones. Those variables whose 

removal from the model changes the regression coefficient of the exposure variables by 

10% or more were kept in the model. In contrast, when removal of a variable did not 

change the regression coefficient of the exposure variables by 10% or more, this variable 

was removed from the final model. Hosmer–Lemeshow test was used to assess goodness 

of fit of the final model.   

When examining the outcome of the number of in-hospital complications, patients 

without any complications were excluded, since inclusion of this group violated the 

proportional odds assumption: cumulative odds ratio is constant regardless of different 

dichotomizations.	  104  

For Aim 2.1 of the association between MOI and the risks of in-hospital 

complication, similar analysis as that for PMCs was conducted. However, PMCs were 

also included in the full model as potential confounders.  

Logistic regression analysis to compare the odds of 30-day mortality (Aims 

1.2 and 2.2) 

To evaluate if individual PMCs or MOI are associated with the risk of death 

shortly after the injury, logistic regression analysis was applied to compare the odds of 
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death within 30 days of injury admission between those with and without a specific PMC, 

and between those sustaining injuries from MVCs and falls. The same steps of 

constructing logistic models for the outcome of in-hospital complications were performed. 

Survival analysis to compare the hazard of death after discharge (Aims 1.3 

and 2.3) 

To analyze the outcome of time to death after discharge, patients with and without 

a specific PMC were compared to determine PMC-specific associations with the rate of 

long-term mortality. All potential confounders and covariates were added at one time to 

construct a Cox proportional hazards model. Variables were then removed from the 

model one at a time in the reverse order of their importance (in terms of strength of 

association found in preliminary analysis). The parallelism of the estimated log log 

survival curves against log survival time was examined for each categorical covariate and 

categorized continuous covariates to see whether proportional hazards assumption was 

satisfied. Likelihood ratio test was used to evaluate the goodness of fit of Cox models. 

Similar analysis was conducted to estimate the hazard ratio comparing mortality 

rate of fall patients to that of MVC patients. PMCs were also included as potential 

confounders. 

Logistic regression analysis to estimate the mediating effect of in-hospital 

complications (Aim 1.4) 

Logistic regression models were constructed for the estimation of mediating effect 

(See Appendix 6).  First, a logistic model was constructed for the overall relationship of 

an individual PMC with 30-day mortality (when investigating one specific PMC, the 

other PMCs were included as confounders), not controlling for in-hospital complications. 
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Second, a logistic regression model was constructed to estimate the association between 

this specific PMC and a type-specific complication. Finally, a logistic regression model 

with a binary outcome of the type-specific complication (yes vs. no) was built controlling 

for both the PMC and the in-hospital complication. The coefficients in the above three 

models were then standardized to calculate the percentage of the associations mediated 

though type-specific in-hospital complications, with a 95% confidence interval. 

Only individual PMCs that have been found to be associated with both the type-

specific complications and 30-day mortality were considered for the estimation of the 

mediating effect. Other individual PMCs, however, were included as confounders when 

appropriate. Similarly, only complications, which had been found to be associated with 

PMCs, were considered for the potential mediating effect. 

Estimation of standardized mortality and relative survival ratios (Aim 3) 

To get an estimate of the injury impact, standardized mortality ratios (SMRs), 

both cumulative (from discharge to a certain time point during follow-up) and interval-

specific (during a period of time during follow-up), were estimated by comparing the 

mortality of injured older adults with that of the general population, which equals the 

ratio of the observed to the expected number of deaths, assuming the injured older adults 

would have the same rate of death as the general population if not injured. In addition, 

RSR was estimated by comparing the observed survival proportion of injured older adults 

with the expected survival proportion.  

 The population mortality data were retrieved from Wide-ranging Online Data for 

Epidemiologic Research (WONDER), Centers for Disease Control and Prevention, 

including number of individuals at risk, number of deaths, and proportion of survival in 
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each calendar year (death rate in a calendar year) for each sex, race and age group in the 

state of Maryland (See Appendix 1). The expected number of deaths among injured older 

adults was calculated using life table method by multiplying the race-, sex-, and year-

specific mortality rates in age groups with person-years under observation, assuming the 

injured older adults would have the same rate of death as the general population if not 

injured.  

Period analysis was applied for 3 periods between 1995 and 2008: 1995-1998, 

1999-2003, and 2004-2008. Since this study spans over a 14-year period, during which 

survival rate may have evolved for geriatric trauma patients in the United States, period 

analysis is more appropriate than traditional survival analysis, allowing for more accurate 

estimates reflecting any possible changes over time.  

For each individual patient, the number of person-years of follow-up was 

calculated from the date of discharge until death or the end of follow-up on December 31, 

2008, whichever occurred first. However, only follow-up that occurred during a specific 

period contributed follow-up to that period for the estimation of the expected number of 

deaths (See Appendix 7). For example, for a patient who was discharged in 1995 and 

survived until 2000, his/her first 5-year follow-up contributed to the first period of 1995-

1998 but was not considered in estimating the 5-year survival for the 2nd or 3rd period. 

When no significant differences among the three periods were observed, overall estimates 

for the whole study period of 1995-2008 were also obtained. 

Sensitivity analysis   

Inclusion and exclusion of non-survivable injuries The majority of patients who 

were intubated and had a GCS score of 3 on admission would die within 24 hours of 
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admission, thus minimizing the impact of PMCs on injury outcomes.29 Similarly, injuries 

with ISS of 75 are non-survivable by definition. For the associations between PMCs and 

30-day mortality, analyses were performed both with and without these non-survivable 

injuries. 
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Chapter 4 Outcomes of  Older Adults Admitted to a Level I Trauma Center: 

Associations with Pre-existing Medical Conditions 1 

Abstract 

Objective: To examine the associations between pre-existing medical conditions (PMCs) 

and the risks of in-hospital complications, death within 30 days of injury admission (30-

day mortality), and with the rate of long-term mortality among injured older adults, and 

to investigate the possibly mediating effect of in-hospital complications on the 

associations between PMCs and 30-day mortality. 

Setting: Retrospective analysis of Trauma Registry (TR) data at the Shock Trauma Center 

(STC), University of Maryland Medial Center. 

Methods: Eligible participants included those who were 65 years of age or over admitted 

to the STC between July 1, 1995 and November 30, 2008 for falls or motor vehicle 

collision (MVC) injuries. The participants were followed until December 31, 2008 for 

vital status by linkage to the National Death Index. Patients’ demographic characteristics, 

injury characteristics, PMCs, vital status on December 31, 2008, and date of death were 

obtained from the TR. 

Results: Among 6,162 injured older adults, 27% (N=1,669) developed in-hospital 

complications and 15% (N=918) died within 30 days of admission to the STC.  

Hypertension at the time of admission was associated with significantly increased odds of 

respiratory complications (OR=1.3, 95% CI: 1.1-1.5) and infectious complications 

(OR=1.2, 95% CI: 1.0-1.4). Myocardial infarction was associated with significantly 

higher odds of pneumonia (OR=1.5, 95% CI: 1.0-2.3); Congestive heart failure (CHF) 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Y. Tang, M. Baumgarten, M. Shardell, E. Steinberger, C. Quinn, D. Andersen, G. Smith. 
Outcomes of injured older adults admitted to a level I trauma center: Associations with pre-
existing medical conditions in preparation. 
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with increased odds of respiratory complications (OR=1.4, 95% CI: 1.0-1.9), cardiac 

complications (OR=1.7, 95% CI: 1.2-2.3), and renal failure (OR=1.9, 95%CI: 1.0-3.4); 

COPD increased the odds of respiratory complications (OR=2.2, 95% CI: 1.6-3.1), 

infectious complications (OR=1.9, 95% CI: 1.3-2.7), vascular complications (OR=2.1, 95% 

CI: 1.0-4.2), and the odds of developing a larger number of complications (cumulative 

OR=1.5, 95% CI: 1.0-2.2). Hypertension was associated with lower odds of 30-day 

mortality (OR=0.7, 95% CI: 0.6-0.8) while COPD with higher odds of 30-day mortality 

(OR=1.6, 95% CI: 1.1-2.3). Except hypertension, the other PMCs were all associated 

with significantly higher hazard of death after discharge, with hazard ratios ranging from 

1.1 (95% CI: 1.0-1.3) for myocardial infarction to 1.7 (95% CI: 1.5-2.1) for COPD. 

 Respiratory complications mediated the effect of COPD on 30-day mortality. 

Conclusions: The associations between PMCs and in-hospital complications are disease-

specific and differ by individual in-hospital complications. PMCs tended to be associated 

with long-term mortality after discharge, while only hypertension and COPD showed 

association with acute mortality after injury. The effect of in-hospital complications on 

the associations between PMCs and short-term mortality is complex with both mediating 

and suppression effects observed.  

I. Introduction 

Pre-existing medical conditions (PMCs) are highly prevalent among older adults 

treated in trauma centers. However, when investigating the associations of PMCs with the 

outcomes of injury, earlier studies either did not focus on older adults 15, 21-23 or were 

conducted in a non-US elderly population13, 21-25. Therefore, it is unclear whether and 

which PMCs are associated with injury outcomes among older adults treated in trauma 



	   50	  

centers in the United States. There is also limited evidence on whether the effect of PMCs 

varies by individual diseases.  

This study aimed to investigate the associations of PMCs with the outcomes of 

elderly trauma patients treated at a level I trauma center, including the risk of in-hospital 

complications and 30-day mortality, and the rate of long-term mortality. In addition, the 

possible mediating effect of in-hospital complications on the association between PMCs 

and 30-day mortality was assessed to enhance understanding of the underlying 

mechanism between PMCs and short-term mortality.  

II. Methods 

This is a retrospective analysis of Trauma Registry (TR) data of older adults 

sustaining injuries from unintentional falls or motor vehicle collisions (including motor 

vehicle occupant, pedestrian, motorcycle, and cyclist injuries). For those with multiple 

admissions during this period, only the last admission was considered. All the patients 

were followed from admission to December 31, 2008.  

Participants 

Participants of this study were trauma patients selected based on the following 

inclusion criteria: (1) 65 years of age or over on admission to R Adams Cowley Shock 

Trauma Center (STC) of the University of Maryland at Baltimore; (2) admitted between 

July 1, 1995 and November 30, 2008; (3) mechanism of injury being an unintentional fall 

or unintentional motor vehicle collision.  

Study Site 

The STC is a level I trauma center (providing the highest level of trauma care). It 

has been the primary resource for critically injured adults in the State of Maryland for 
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more than three decades. Currently, there are about 7,000 patients admitted to STC every 

year from a catchment population of roughly 6 million people from an area of over 

12,000 square miles.2  

 The majority of patients in the STC are admitted within 1 hour after injury, and 

about 80% are transferred directly from the scene of injury.99 Patients admitted to the 

STC are more likely to have suffered severe and multiple injuries, while those with less 

severe injuries, or isolated hip fractures, tend to seek care in local hospitals, clinics, or at 

their physician’s offices. Injury characteristics of the patients are comparable to those 

admitted to trauma centers throughout the United States.99, 100 

 Data Source 

 Trauma Registry Data  I used data from the Trauma Registry (TR) 

maintained by the STC, which has been linked to death certificate data for deaths that had 

occurred in the United States by December 31, 2008. The TR was established in the mid-

1980s, collecting information including patient demographics, injury details, and 

emergency and hospital medical care and services provided. Data from the TR are 

submitted to both the State of Maryland and the National Trauma Data Bank. Trauma 

scoring is done via web-based interface with the state Collector system and then recorded 

into tables in the STC registry. All other information is abstracted from patient records 

using pick-list definitions.2  

 The TR data were processed to include only the last admissions when multiple 

admissions were present between July 1, 1995 and November 30, 2008. Specifically, 

patients’ demographic information, injury details, and clinical outcomes during hospital 

care were obtained from the TR. 
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 Death Ascertainment and Data linkage  Records with patients’ first 

name, last name, date of birth, sex, with or without social security number, from the TR 

were prepared and sent to National Center for Health Statistics in 2010 to ascertain deaths 

that occurred between July 1, 1995 and December 31, 2008, using the National Death 

Index (NDI). NDI retrieval report then provided possible death record matches for this 

cohort of patients. Both deterministic and probabilistic data linkage were applied to link 

the death certificate data with TR data. 

 Death Certificate Data  Information on death certificates for 

identified deaths includes demographic information (name, sex, date of birth, marital 

status at death) and detailed death-related information, such as death certificate number, 

date, place, underlying and multiple causes of death. In this study, date of death was used 

to determine whether deaths occurred within 30 days of injury and the length of survival 

since discharge for those who died during the follow-up. 

Measures 

Pre-existing Medical Conditions (PMCs)  In order to examine PMCs 

that are particularly relevant to geriatric trauma patients, 6 individual diseases, which are 

both prevalent and clinically significant in geriatric trauma care, were considered for 

analysis: myocardial infarction (MI), congestive heart failure (CHF), chronic obstructive 

pulmonary disease (COPD), hypertension, stroke, and diabetes (non-insulin dependent). 

ICD-9 code is used at the STC to record individual diseases, and was used to identify 

PMCs defined in the current study (See Appendix 3).  

In-hospital Complications In-hospital complications were defined as the 

development of pneumonia, renal failure, cardiac, respiratory, infectious, hematologic, 
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and vascular complications during the hospital stay. ICD-9 code was used to identify in-

hospital complications (See appendix 5), and seven binary variables were created to 

indicate the occurrence of each of the seven in-hospital complications. The number of 

complications was treated as an ordinal variable (1, 2-3, >=4), counting the total number 

of complications an older adult developed.  

30-day mortality  Deaths shortly after discharge are frequent among 

older adults and, therefore, 30-day mortality, instead of in-hospital mortality, was used in 

this study to capture acute injury deaths. Date of injury was poorly recorded in the TR, 

and date of injury admission was used instead, along with date of death, to determine 

whether a death occurred within 30 days of injury admission. However, there were 128 

patients, who were recorded at the TR as having died before discharge but without death 

certificate retrieved. Forty-nine out of the 128 were those age 65 or over on admission, 

accounting for 6% of the 784 in-hospital deaths as recorded in TR among older adults. 

Incomplete information on key-identifiers, such as first and last name, social security 

number, was found for this group of patients, which was probably the primary reason for 

the failure of death certificate retrieval by NDI. These patients were treated as dead on 

the discharge date. 

Time to all-cause death after discharge  Patient’s vital status on 

December 31, 2008, dead or alive, was determined with death certificate information. For 

patients who died during follow-up, time to death was calculated as the time (in days) 

between discharge and death. The time at risk was censored for those who were still alive 

on December 31, 2008, and equals the number of days elapsed between discharge and the 

censoring date. As for the outcome of 30-day mortality, a patient recorded as having died 
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in the hospital by TR was treated as died on the discharge date even without a death 

certificate and therefore, was not included for this analysis.  

Covariates Pre-injury host factors included age on admission, race, sex, 

obesity, tobacco use, alcohol dependence, blood alcohol concentration (BAC) on 

admission (not tested, positive, and negative) and admission cohort (1995-1998, 1999-

2003, and 2004-2008). Injury factors included were the Injury Severity Score (ISS) (mild 

or moderate:<15, severe :16-25, and massive:26-75) and mechanism of injury (falls or 

MVCs).  

In-hospital complications were considered as potential mediators, when analyzing 

the possible mediating effects of in-hospital complications on the associations of 

individual PMCs with 30-day mortality. 

III. Statistical Analysis 

For categorical variables, counts and proportions were used to describe the 

frequency of outcomes (in-hospital complications and 30-day mortality). Median values 

by outcome were presented for continuous variables. P values were obtained by chi-

square test for binary variables and by Wilcoxon rank sum test for ordinal and continuous 

variables. 

Logistic regression models were constructed to examine the associations of PMCs 

with the outcomes of in-hospital complications and 30-day mortality, one model for each 

of the seven in-hospital complications and one for 30-day mortality. For the outcome of 

number of complications, an ordinal logistic model was constructed and the estimates of 

cumulative odds ratios (ORs) and 95% CI were reported. As inclusion of older adults 

who developed no complications violated the proportional odds assumption for ordinal 
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logistic models, only patients with at least one complication were included for the 

analysis of the number of in-hospital complication. 

Similarly, logistic regression models were used for the estimation of the 

mediating effect of in-hospital complications, using standardized estimated coefficients 

(See Appendix 6). Only individual PMCs that were associated with both the type-specific 

complications and 30-day mortality were considered for the estimation of mediating 

effect. Survival analysis using Cox proportional hazard model was performed to examine 

the association of PMCs with the rate of long-term mortality after discharge. 

IV. Results  

From July 1, 1995 to November 30, 2008, 74,359 patients were admitted to the 

STC for trauma care. Among them, 7,774 were 65 years of age or over at the time of 

admission, accounting for about 10% of the total admissions. Nearly 80% of the injured 

older adults in the STC sustained unintentional falls or MVCs, with a total of 6,162 

patients included in the current study (Figure 4-1).  

Figure 4-1. Injured older adults admitted to the Shock Trauma Center, 1995-2008 

 

All Trauma Patients (N=74,359) 
N=66,528 (89.5%) 
age<65  
N=57(0.04%), missing 

N=1,592 (20.6%), injured with other MOI  
N=10 (1.3%) missing MOI 

Patients aged 65 or over 
 (N=7,774) 

Discharged Alive  
(N=5,357) 

Geriatric patients injured in falls or MVCs 
 (N=6,162) 

N=802(13.0%), in-hospital deaths  
N=3 (0.04%), missing discharge status 
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With the exception of 2% of patients (n=146) who had had multiple admissions 

(the last admission was selected for analysis), the rest 6,016 (98%) patients had only a 

single admission during the study period. The majority (70%) of the injured older adults 

were transferred directly from the scene of the accident to the STC. At the time of 

admission, 90% were MD residents, 5% were from surrounding states including PA, VA, 

DE, and DC, and the rest (5%) were from other states. Characteristics of these patients by 

complication experience and 30-day mortality are presented in Table 4-1.  

 Patient Characteristics  This group of older adults had a median age 

of 76 years, and over 80% were younger than 85 at the time of admission (Table 4-1). 

Sex was evenly distributed with 49% female and 51% male patients. The majority of the 

injured older adults were White (81%, compared to 15% African American and 4% of 

other races). Tobacco use was reported by 12% of the patients, 4% reported alcohol 

dependence, and 9% tested positive for blood alcohol concentration at the time admission. 

PMCs were very common among older adults admitted to the STC. Forty percent 

of the total study sample had one PMC, while 21% had two or more PMCs (Table 4-1).  

Hypertension was the most common condition, with a prevalence of nearly 50%, 

followed by diabetes (non-insulin dependent, 13.5%), stroke (7.5%), myocardial 

infarction (7.1%), congestive heart failure (6.1%), and COPD (4.5%). Fifty-two percent 

of the patients sustained fall injuries and 48% sustained MVC injuries. More than half 

(58%) of them had mild injury (ISS<15), 26% moderate injury (16<=ISS<=25), and 13% 

severe injury (ISS>=26), with a median ISS of 10. 
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Table 4-1. Characteristics of injured older adults admitted to Shock Trauma Center (1995-2008), by in-
hospital complications and 30-day vital status (1995-2008) 

Variables 

30-Day mortality  
Total 

(N=6,162) 
Yes 

(N=918) 
No 

(N=5,240) p* 
Demographic factors     
Age (years), Median 80 75 <0.001$ 76 
Age group)   <0.001#  
    65-74  238 (25.9%) 2,443 (46.6%)  2,685 (43.6%) 
    75-84  424 (46.2%) 1,998 (38.1%)  2,422 (39.3%) 
    85+  256 (27.9%) 799 (15.2%)  1,055 (17.1%) 
Gender     

Male  500 (54.5%) 2,639 (50.4%) 0.02 3,141 (51.0%) 
Female 418(45.5%) 2,601 (49.6%)  3,021 (49.0%) 

Race   0.06  
    White  770 (83.9%) 4,214 (80.4%)  4,988 (80.9%) 
    Black  109 (11.9%) 784 (15.0%)  893 (14.5%) 
    Other race   25 (2.7%) 174 (3.3%)  199 (3.2%) 
    Missing  14 (1.5%) 68 (1.3%)  82 (1.3%) 
Tobacco use   78 (8.5%) 665 (12.7%) <0.001 744 (12.1%) 
Alcohol dependence   22 (2.4%) 232 (4.4%) <0.01 255 (4.1%) 
BAC on admission   <0.001  
    Not tested  283 (30.8%) 1,277 (24.4%)  1,562 (25.3%) 
    Negative  574 (62.5%) 3,438 (65.6%)  4,013 (65.1%) 
    Positive   54 (5.9%) 494 (9.4%)  549 (8.9%) 
    Missing   7 (0.8%) 31 (0.6%)  38 (0.6%) 
PMCs     
Hypertension  381 (41.5%) 2,693 (51.4%) <0.001 3,076 (49.9%) 
Diabetes   93 (10.1%) 740 (14.1%) <0.01 833 (13.5%) 
Stroke   90 (9.8%) 372 (7.1%) <0.01 463 (7.5%) 
Myocardial infarction   69 (7.5%) 367 (7.0%) 0.58 436 (7.1%) 
CHF   78 (8.5%) 299 (5.7%) <0.01 377 (6.1%) 
COPD   58 (6.3%) 219 (4.2%) <0.01 278 (4.5%) 
Number of PMCs   0.02  
    0  401 (43.7%) 1,960 (37.4%)  2,362 (38.3%) 
    1   316 (34.4%) 2,174 (41.5%)  2,492 (40.4%) 
    >=2  201 (21.9%) 1,106 (21.1%)  1,308 (21.2%) 
     
Injury factors     
Mechanism of injury   <0.001  
    Falls  535 (58.3%) 2,683 (51.2%)  3,219 (52.2%) 
    MVCs  383 (41.7%) 2,557 (48.8%)  2,943 (47.8%) 
ISS, Median 25 9 <0.001$ 10 
ISS group   <0.001#  
    Mild (<15)  172 (18.7%) 3,393 (64.8%)  3,567 (57.9%) 
    Moderate (16-25)  344 (37.5%) 1,275 (24.3%)  1,620 (26.3%) 
    Severe (>=26)  381 (41.5%) 432 (8.2%)  814 (13.2%) 
    Missing  21 (2.3%) 140 (2.7%)  161 (2.6%) 

Note: Four patients had unknown vital status on the 30th day after injury admission, leaving 6158 patients 
for the analysis of 30-day mortality. BAC, blood alcohol concentration; PMCs, pre-existing medical 
conditions; CHF, congestive heart failure; COPD, Chronic obstructive pulmonary disease; ISS, Injury 
Severity Score.  
*Chi-square test unless otherwise noted (observations with missing information excluded). 
$Wilcoxon rank sum test used for continuous variables comparing medians. 
#Wilcoxon rank sum test used for ordinal variables
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Table 4-1 (continued). Characteristics of injured older adults admitted to Shock Trauma Center (1995-
2008), by in-hospital complications and 30-day vital status (1995-2008) 

Variables 

Any in-hospital complications  
Total 

(N=6,162) 
Yes 

(N=1,669) 
No 

(N=4,493) p* 
Demographic factors     
Age (years), Median 77 76 <0.001$ 76 
Age group)   <0.001#  
    65-74  658 (39.4%) 2,027 (45.1%)  2,685 (43.6%) 
    75-84  712 (42.7%) 1,710 (38.1%)  2,422 (39.3%) 
    85+  299 (17.9%) 756 (16.8%)  1,055 (17.1%) 
Gender     

Male  952 (57.0%) 2,189 (48.7%) <0.001 3,141 (51.0%) 
Female 717 (43.0%) 2,304 (51.3%)  3,021 (49.0%) 

Race   0.11  
    White 1,364 (81.7%) 3,624 (80.7%)  4,988 (80.9%) 
    Black  227 (13.6%) 666 (14.8%)  893 (14.5%) 
    Other race   48 (2.9%) 151 (3.4%)  199 (3.2%) 
    Missing 30 (1.8%)  52 (1.2%)   82 (1.3%) 
Tobacco use  184 (11.0%) 560 (12.5%) 0.12 744 (12.1%) 
Alcohol dependence   62 (3.7%) 193 (4.3%) 0.31 255 (4.1%) 
BAC on admission   0.57  
    Not tested  436 (26.1%) 1,126 (25.1%)  1,562 (25.3%) 
    Negative 1,065 (63.8%) 2,948 (65.6%)  4,013 (65.1%) 
    Positive  156 (9.3%) 393 (8.7%)  549 (8.9%) 
    Missing 12 (0.7%)  26 (0.6%)  38 (0.6%) 
PMCs     
Hypertension  827 (49.6%) 2,249 (50.1%) 0.72 3,076 (49.9%) 
Diabetes  205 (12.3%) 628 (14.0%) 0.08 833 (13.5%) 
Stroke  136 (8.1%) 327 (7.3%) 0.25 463 (7.5%) 
Myocardial infarction  134 (8.0%) 302 (6.7%) 0.08 436 (7.1%) 
CHF  134 (8.0%) 243 (5.4%) <0.001 377 (6.1%) 
COPD  100 (6.0%) 178 (4.0%) <0.001 278 (4.5%) 
Number of PMCs   0.16  
    0  620 (37.1%) 1,742 (38.8%)  2,362 (38.3%) 
    1   677 (40.6%) 1,815 (40.4%)  2,492 (40.4%) 
    >=2  372 (22.3%) 936 (20.8%)  1,308 (21.2%) 
     
Injury factors     
Mechanism of injury   <0.001  
    Falls  814 (48.8%) 2,405 (53.5%)  3,219 (52.2%) 
    MVCs  855 (51.2%) 2,088 (46.5%)  2,943 (47.8%) 
ISS, Median 20 9 <0.001$ 10 
ISS group   <0.001#  
    Mild (<15)  431 (25.8%) 3,136 (69.8%)  3,567 (57.9%) 
    Moderate (16-25)  687 (41.2%) 933 (20.8%)  1,620 (26.3%) 
    Severe (>=26)  533 (31.9%) 281 (6.3%)  814 (13.2%) 
    Missing  18 (1.1%) 143 (3.2%)  161 (2.6%) 

BAC, blood alcohol concentration; PMCs, pre-existing medical conditions; CHF, congestive heart failure; 
COPD, Chronic obstructive pulmonary disease; ISS, Injury Severity Score.  
*Chi-square test unless otherwise noted (observations with missing information excluded). 
$Wilcoxon rank sum test used for continuous variables comparing medians. 
#Wilcoxon rank sum test used for ordinal variables 
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Older adults who died within 30 days of admission had higher prevalence of 

stroke, CHF, and COPD but lower prevalence of hypertension and diabetes, compared to  

those who survived beyond 30 days. No significant difference was observed in PMCs 

prevalence between patients who did and did not develop in-hospital complications, 

except that a higher proportion of those who developed complications had higher 

prevalence of CHF and COPD, compare to those who did not develop any in-hospital 

complications.  

 In-hospital Complications During the course of trauma care, 27% (N=1,662) 

of the patients developed complications (Table 4-2). Respiratory complications had the 

highest cumulative incidence, at 16.2%, followed by cardiac (11.4%), hematologic 

(10.6%), and infectious (10.4%) complications. Pneumonia and renal failure occurred 

among 5.3% and 2.4% of the injured older adults, respectively. Vascular complications 

were the least common, with a cumulative incidence of only 1.8%. Older adults died 

within 30 days of injury admission had higher incidence of each of the seven 

complications, compared to those who survived beyond 30 days from injury admission. 

Table 4-2. In-hospital complications among older adults admitted to the Shock Trauma Center, 
1995-2008, by 30-day mortality (N=6,158) 

 30-Day mortality, n(%) 

Total (%) In-hospital complications 
Yes 

(N=918) 
No 

(N=5240) 
Count of complications    

0 
1 
2-3 
>=4 

362 (39.4) 
254 (27.7) 
218 (23.8) 

84 (9.1) 

4128 (78.8) 
482 (9.2) 
432 (8.2) 
198 (3.8) 

4490 (72.9) 
736 (12.0) 
650 (10.5) 
282 (4.6) 

Type of complications    
Respiratory complications 295 (32.1) 702 (13.4) 997 (16.2) 
Cardiac complications 356 (38.8) 349 (6.7) 705 (11.4) 
Hematologic complications 201 (21.9) 450 (8.6) 651 (10.6) 
Infectious complications 125 (13.6) 513 (9.8) 638 (10.4) 
Pneumonia 80 (8.7) 243 (4.6) 323 (5.3) 
Renal failure 67 (7.3) 83 (1.6) 150 (2.4) 
Vascular complications 20 (2.2) 92 (1.8) 112 (1.8) 
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Adjusted Odds Ratios of In-hospital Complications   

Adjusted ORs of in-hospital complications controlling for demographic and injury 

factors are presented in Table 4-3 (See Appendix 8 for crude ORs of in-hospital 

complications).  Presence of hypertension significantly increased the odds of respiratory 

complications (OR=1.2, 95% CI: 1.1-1.5) and infectious complications (OR=1.2, 95% CI: 

1.0-1.4). Older adults with MI had higher odds of developing pneumonia (OR=1.5, 95% 

CI: 1.0-2.3). CHF increased the odds of respiratory complications (OR=1.5, 95% CI: 1.0-

1.9), cardiac complications (OR=1.7, 95% CI: 1.2-2.3), and renal failure (OR=1.9, 95% 

CI: 1.0-3.4). Presence of COPD was associated with higher odds of respiratory and 

infectious complications, with adjusted ORs of 2.2 (95% CI: 1.6-3.1) and 1.8 (95% CI: 

1.3-2.6), respectively.  

 Adjusted Cumulative Odds Ratios for the Number of In-hospital 

Complications   

A total of 1,668 patients developed in-hospital complications, among whom 44% 

developed one, 39% had two or three, and 17% had four or more. Different cut points 

were used to dichotomize the number of in-hospital complications to construct logistic 

models, and the parameter estimates were similar regardless which dichotomization was 

used. Meanwhile, the score test in the final cumulative logit model was not significant, 

indicating proportional odds assumption was not violated. 

Older adults with myocardial infarction or COPD had higher cumulative odds of 

developing more in-hospital complications (). However, the increased odds were only 

significant among those with COPD, compared to those without, with a cumulative OR 

of 1.5 (95% CI: 1.0-2.2).  
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Adjusted Odds Ratio of 30-Day Mortality  

Among the total 6,162 injured older adults, 15% (N=918) died within 30 days of 

injury admission: 585 deaths occurred within 7 days and the other 333 between 8-30 days. 

Nearly 20% (N=182) of the 918 deaths occurred after patients were discharged from the 

trauma center.  

ORs for the association of PMCs with 30-day mortality are presented in Table 4-4. 

Older adults with hypertension, diabetes, or myocardial infarction had lower odds of 30-

day mortality, compared to those without the conditions. However, the decrease was only 

significant among patients with hypertension (OR=0.7, 95% CI: 0.6-0.8). COPD was 

associated with significantly higher odds of 30-day mortality (OR=1.6, 95% CI: 1.1-2.3). 

Similar results were obtained when analysis was performed among older adults after 

excluding those with non-survivable injuries (See appendix 9).  

Table 4-4. Odds ratios (95% CI) for the association of PMCs with 30-day mortality among older 
adults admitted to the Shock Trauma Center, 1995-2008 *  

PMCs (Presence vs. Absence) 
OR (95% CI) 

Crude Adjusted 
Hypertension 0.7 (0.6,0.8)  0.7 (0.6, 0.8) 
Diabetes 0.7 (0.5,0.9) 0.9 (0.7, 1.2) 
Stroke 1.4 (1.1,1.8) 1.2 (0.9, 1.6) 
Myocardial infarction 1.1 (0.8,1.4) 0.9 (0.7, 1.3) 
Congestive heart failure 1.5 (1.2, 2.0) 1.3 (0.9, 1.7) 
COPD 1.5 (1.1, 2.1) 1.6 (1.1, 2.3) 

*Adjusted odds ratios are obtained from logistic regression models controlling for demographic 
and injury factors. PMCs, pre-existing medical conditions; COPD, chronic obstructive pulmonary 
disease. 

Adjusted Hazard Ratios of Long-term Mortality 

Crude and adjusted HRs of death after discharge are presented in Table 4-5. Older 

adults with any of the six PMCs had higher hazard of death after discharge, compared to 

those without the PMC. However, the increase in hazard was not statistically significant 
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among those with hypertension or myocardial infarction. Presence of diabetes, stroke, 

CHF, and COPD at the time of injury admission was associated with significantly higher 

hazard of death after discharge, with HRs of 1.5 (95% CI: 1.3-1.6), 1.4 (95% CI: 1.3-1.7), 

1.7 (95% CI: 1.5-2.0), and 1.7 (95% CI: 1.7-2.1), respectively. 

Table 4-5. Hazard ratios (95% CI) for the association of PMCs with long-term mortality among 
older adults after discharge from the Shock Trauma Center, 1995-2008 (N=5,357) 

PMCs (Presence vs. Absence) 
HR (95% CI) 

Crude Adjusted 
   Hypertension  1.2(1.1, 1.3) 1.0 (0.9, 1.1) 
   Diabetes  1.4(1.2,1.5) 1.5 (1.3, 1.6) 
   Stroke  2.0(1.7, 2.2) 1.4 (1.3, 1.7) 
   Myocardial infarction  1.5(1.3, 1.7) 1.1 (1.0, 1.3) 
   Congestive heart failure  2.6(2.2, 2.9) 1.7 (1.5, 2.0) 
   COPD  2.1(1.8, 2.5) 1.7 (1.5, 2.1) 

Note: PMCs, pre-existing medical conditions; HR, hazard ratio. 

Mediating effect of in-hospital complications 

The in-hospital complications which were found to be significantly associated 

with hypertension or COPD, namely respiratory and infectious complications, were 

considered for the estimation of mediating effect. Respiratory complications were the 

only significant mediator found in this study, which mediated the association between 

COPD and 30-day mortality (Table 4-6). Specifically, about 10.4% of the total effect of 

COPD on 30-day mortality was mediated through respiratory complications.  

Table 4-6. Mediating effect of in-hospital complications on the association between PMCs and 
30-day mortality 

PMC 
 

Potential  
Mediator 

Indirect effect 
(95% CI) p* 

Proportion of 
total effect that 

is mediated 

Ratio of the 
indirect to the 
direct effect 

Hypertension Respiratory 
complications  

0.01(0.01, 0.02) <0.01 -15.1% -0.26 

 Infectious 
complications 

-0.01(-0.01, 0) 0.09 5.1% 0.12 

      
COPD Respiratory  

complications 
0.04 (0.02, 0.07) <0.01 10.4% 0.26 

 Infectious 
complications 

-0.02 (-0.04, 0) 0.04 -5.4% -0.10 

*Sobel test used for testing the statistical significance of indirect effect. 
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V. Discussion 

 Despite increasing awareness of injuries among older adults, there has been 

limited research evaluating outcomes of geriatric trauma, and little is known about the 

associated risk factors. This study aimed to examine the associations of PMCs with 

outcomes after injury, including the risks of specific in-hospital complications and 30-day 

mortality and long-term mortality rate after discharge. The results of this study provide 

evidence that the associations of PMCs with injury outcomes were PMC-specific and the 

strength of associations varied by individual outcomes.  

It is tempting to assume that all PMCs are associated with worse injury outcomes, 

because PMCs are likely to be indicators of poor health. However, it is possible that 

PMCs are unlikely to have any immediate or short-term effect after injury, as they are 

chronic in nature and their effects are more likely to be long-term. Nevertheless, 

individual PMCs are different from each other in terms of etiology, seriousness, and their 

impact on overall health and activity levels, and their associations with injury outcomes 

may differ as well. Therefore, it is reasonable to evaluate the effect of individual PMCs. 

Findings from this study provided support for the notion of disease-specific associations 

of PMCs with outcomes after injury.  

The cumulative incidence of in-hospital complications in this study population 

was not high (27%), compared to 36%28 or 33.8% 85 in previous studies, which included 

only major injuries. The study by Aitken et al 85 considered 10 categories with 79 specific 

conditions when examining the risk of complications. However, it neither differentiated 

individual complications, nor did it examine the role of PMCs.  In my study, I found that 

myocardial infarction increased the odds of pneumonia, and hypertension, surprisingly, 
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was a significant risk factor for infectious and respiratory complications. Diabetes and 

stroke, which are known risk factors for many poor health outcomes, showed no 

association with any type of in-hospital complications. Some earlier studies suggested 

that PMCs of a particular body system are more likely to cause complications in that 

same system, which is supported by my findings that CHF significantly increased the 

odds of cardiac complications and COPD increased the odds of respiratory complications. 

None of the investigated PMCs was associated with hematologic complications. 

In this study, in-hospital mortality was 13%, much higher than the reported 5%85 

of a Canadian geriatric population and 7.6% in a statewide trauma registry 29. One 

possible reason might be that the patients in this study were selected from a level I trauma 

center with much higher proportion of severe injuries. However, this study had in-

hospital mortality comparable to the 17% reported in a German trauma population 21, 

although the latter consisted of primarily younger adults. This study examined 30-day 

mortality, which captured nearly 20% more deaths shortly after discharge compared to 

deaths in the hospital. Similar results as earlier studies were obtained suggesting that the 

associations of PMCs with short-term mortality vary by individual conditions, but 

comparison across studies is difficult as PMCs were defined very differently and in 

various populations. For example, in McGwin’s study,16 congestive heart failure and 

myocardial infarction were included with several other conditions under the category of 

heart disease, and COPD with several others under the category of respiratory disease. 

Some studies included all adult patients,14, 21, 24 some selected geriatric patients from all 

levels of trauma centers,29 and some others applied additional selection criteria based on 

injury severity14, length of stay29 or place of injury13.  
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Among the 6 PMCs investigated in this study, diabetes, myocardial infarction, 

congestive heart failure, and stroke failed to show associations with 30-day mortality. 

Although diabetes was found to increase in-hospital mortality in a very early study by 

Morris and colleagues, 66 it did not increase 30-day mortality in the current study, which 

is in accordance with the results of more recent studies21, 29. This might be a result of 

improved trauma care for patients with diabetes over the years. The current study also 

observed higher odds of 30-day mortality in injured older adults with myocardial 

infarction or congestive heart failure compared to those without the condotion, but the 

increase was not statistically significant. In another study, myocardial infarction and 

congestive heart failure were grouped together under the category of heart disease with 

angina pectoris21, with similar odds ratio which was, however, statistically significant. 

Possibly, this difference in results reflects the difference in the associations among 

different age groups, as the other study included trauma patients of all ages while the 

current study included only older patients. Similar to previous study findings,21 no 

associations between stroke and 30-day mortality were found in this study. 

Surprisingly, hypertension was found to be associated with significantly lower 

odds of 30-day mortality in this study.  The protective effect of hypertension has also 

been reported by other studies.16, 54 The reduced risk among those with hypertension may 

in part be related to the use of beta-blockers for treatment of hypertension, which has 

been found to reduce cardiac morbidity.105 COPD was found to be a risk factor for 30-day 

mortality, with similar findings in some other studies.29, 66  

In this study, 89% of discharged older adults were alive at 6 months post-

discharge, and 84% were at 1year after discharge. The survival probability decreased to 
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77% at 2-year follow-up and continued to drop as follow-up continued. By the end of 10 

years of follow-up, only about 40% of these older adults were still alive. Other studies 

reported similar or lower survival probabilities10, 18, 20. Our survival probability may be 

greater because most of these studies used patient populations from the 1990’s or even 

earlier, while my study included patients primarily from the 2000’s, when trauma care 

had improved.  

Studies addressing the relationship between PMCs and long-term mortality in 

injured older adults have reached mixed conclusions. Sacco et al 71 concluded that pre-

injury illness, including diabetes, hepatic, cardiovascular, respiratory, and renal diseases, 

affected outcome after trauma even after controlling for age, anatomic and physiologic 

severity. Another study reported that dementia, hypertension, and COPD were associated 

with poor survival.18 However, some other studies found no association of presence of 

PMCs with survival.106 The heterogeneous injured older adult population and varying 

classifications of PMCs may have contributed to these differing conclusions. In addition, 

as trauma and medical care continues to improve, we are expecting a smaller effect of 

PMCs on survival than what we observed years before. In the current study, diabetes, 

stroke, prior myocardial infarction, congestive heart failure, and COPD were all 

associated with higher hazard of long-term mortality, with increased hazards ranging by 

10% to 70%. 

The mediation analysis yielded surprising and interesting findings. Respiratory 

complications were found to suppress 15% of the total effect of hypertension on 30-day 

mortality. In other words, hypertension increased the risk of respiratory complications, 

which in turn increased the risk of 30-day mortality, resulting in a positive association 
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between hypertension and 30-day mortality and, therefore, a reduced protective effect of 

hypertension. Meanwhile, respiratory complications mediated 10.4% of the total effect of 

COPD on 30-day mortality, indicating a significant portion of COPD-related deaths 

occurred through the pathway of respiratory complications. Therefore, if respiratory 

complications can be effectively prevented or better treated, one would expect a higher 

protective effect of hypertension and lower risks of 30-day mortality associated with 

COPD than what were observed here. Most surprisingly, infectious complications 

suppressed about 5% of the effect of COPD on 30-day mortality, suggesting a negative 

association between infectious complications and 30-day mortality. It is possible that 

infectious complications here may reflect the trauma care delivered: patients with COPD 

may be more likely than those without COPD to have surgery or extensive care, therefore 

having higher risk of infectious complications. However, benefiting from the surgery, 

they might be less likely to die, reducing the strength of the association between COPD 

and 30-day mortality.  Unfortunately, information regarding surgical care and procedures 

are not available in the current study to check the above speculation. More studies are 

needed to examine the inter-relationships among PMCs, complications, and 30-day 

mortality. 

VI. Strengths and Limitations 

This study addressed the associations between PMCs and outcomes of injured 

older adults, and it has several strengths in understanding the role of PMCs in geriatric 

trauma. Firstly, this study focused on the most prevalent PMCs among injured older 

adults. Rather than including severe yet rare diseases or conditions, limiting analysis to 

the most frequent PMCs seen in injured older adults provides relevant information for 
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clinical professionals and may help them to evaluate patient profiles. Secondly, this study 

examined both short-term and long-term outcomes of injury. Like most of the earlier 

studies, this study examined outcomes frequently observed in acute care settings, 

including in-hospital complications. The outcome of 30-day mortality was also examined, 

instead of in-hospital mortality, since the former is believed to be a more accurate 

measure to capture acute deaths after the injury. Most importantly, this study investigated 

the long-term mortality by following older adults for over 10 years after they were 

discharged from the Shock Trauma Center. The results about each of these outcomes 

provide different information. Yet, altogether, they make up a more complete 

understanding of the associations between PMCs and injury outcomes. Thirdly, this study 

approached a very important question on the interrelationships between PMCs, 

complications, and short–term mortality through mediation analysis, which has not been 

examined by earlier studies. Prevention of PMCs is not possible, as these conditions 

already exist among the older patients who presented to the trauma center. Complications, 

on the contrary, are responsive to in-hospital interventions. Therefore, the results of the 

mediation analysis may have important clinical implications for geriatric trauma care as 

they yield original information on the pathway between specific PMCs and short-term 

mortality and can help targeting in-hospital complications during trauma care.  

 This study has several limitations. The in-hospital complications categories 

include a heterogeneous set of complications. This study does not differentiate individual 

complications within a category and cannot provide estimates for individual 

complications. There is no information regarding the duration, seriousness or treatment of 

PMCs. Similarly, information on individual’s pre-injury functional status, ability to 
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perform daily activities socioeconomic status, insurance status, and social support are not 

available. This information is either not routinely collected at Trauma Registry or is not 

available for analysis in this study. This results in limited control of confounding in 

examining the outcomes. ORs in this study are generally small, and the real ORs may be 

even smaller than the observed as there are uncontrolled confounding in this study. 

 Information bias is also possible in this study. Accuracy of defining PMCs and 

identification of in-hospital complications relies on the completeness of information in 

the charts and accuracy of coding. PMCs may be under-reported and differential 

misclassification of PMCs is possible. For example, it is possible that data collection had 

not been completed yet when a patient died shortly after admission, and his or her PMCs 

were not captured in the TR. In this case, the estimates would be biased towards the null. 

It is also possible that certain PMCs are better recorded than other PMCs, or patients with 

worse outcomes are more often probed for PMCs than those with better prognosis. 

Estimates, in this case, would be biased away from the null. Compared to the national 

prevalence of 54%, 36%, 4%, 1%, 16%, and 11% for hypertension, diabetes, stroke, 

myocardial infarction, CHF, and COPD in 2008,107 respectively, the prevalence of PMCs 

among older adults in this study (see Appendix 10) indicates that differential 

misclassification of hypertension and diabetes is possible. Estimates for these two PMCs 

regarding 30-day mortality may be biased toward the null. 

Deaths in this study were determined by death certificate information, and the 

accuracy of 30-day mortality and long-term mortality rate solely relies on ascertainment 

of deaths and the quality of date of death information contained in death certificates. The 

method that was used to ascertain deaths for this study, using social security number, 
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name, and date of birth, has been reported to have very high sensitivity in ascertaining 

deaths.108, 109 Although in this study there were 49 (6%) unlinked deaths out of 784 in-

hospital deaths, these patients had incomplete information on key identifiers in the TR. 

PMCs are unlikely to be associated with the failure of linkage.  Similarly, even though it 

is possible that some deaths after discharge may be unidentified, differential 

misclassification of deaths is unlikely. Misclassification of confounders is possible and 

may result in residual confounding.  

 Limited generalization is another limitation of this study. The trauma patients 

with falls and MVCs included in this study all come from the same specialized regional 

trauma center, where patients with minor or isolated injuries may be underrepresented. 

Therefore, the trauma population included in this study may not be representative of 

patients with all injuries, including other mechanisms, or of patients with injuries 

occurring at other trauma centers in the country. Similarly, estimated mediating effects by 

complications apply to the geriatric trauma population in this particular trauma center 

only. The mediated effects would change if any of the associations among PMCs, 

complications, and 30-day mortality changes. For example, in a trauma center where 

treatment of complications is optimal, the mediated effects through complication will be 

much smaller than in a trauma center where complications are neither well prevented nor 

treated. Therefore, the result regarding mediated effect in this study cannot be generalized 

to other trauma centers, although the same analysis method can be applied to geriatric 

trauma population in other centers. 

This study provides evidence that the associations between PMCs and outcomes 

of injured older adults are disease-specific. Hypertension, myocardial infarction, and 
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CHF increase the risks of developing certain in-hospital complications, while diabetes 

and stroke do not. In particular, COPD stands out as a strong risk factor for developing 

in-hospital complications and it also increases the risk of 30-day mortality, highlighting 

the need for special attention in caring for injured older adults with COPD on admission. 

Except hypertension, all the other PMCs are risk factors for higher mortality rate after 

discharge among older adults. 
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Chapter 5 Outcomes of  Older Adults Admitted to a Level I Trauma Center: 

Associations with Mechanism of Injury 2 

Abstract 

Objective: To examine the associations of mechanism of injury with the risks of in-

hospital complications, death within 30 days of injury admission (30-day mortality), and 

with the long-term mortality rate among injured older adults. 

Setting: Retrospective analysis of Trauma Registry data at Shock Trauma Center (STC), 

University of Maryland Medial Center. 

Methods: Eligible participants included those who were 65 years of age or older admitted 

to STC between July 1, 1995 and November 30, 2008 for fall or motor vehicle collision 

(MVC) injuries. The participants were followed up until December 31, 2008 for vital 

status by linkage to the National Death Index. Patients’ demographic characteristics, 

injury characteristics, acute care factors, vital status on December 31, 2008, and date of 

death were obtained from the Trauma Registry. 

Results: Among 6,162 injured older adults, 27% (N=1,669) developed in-hospital 

complications and 15% (N=918) died within 30 days of admission to the STC.  Forty-

three percent (N=2,323) of the 5,357 discharged older adults died during follow-up, with 

length of survival ranging from 1 day to over 10 years. Compared to older adults 

sustaining fall injuries, the adjusted odds were significantly higher among those 

sustaining MVC injuries for cardiac complications (OR=1.6, 95% CI: 1.4-1.9), 

respiratory complications (OR=1.3, 95% CI: 1.1-1.5), infectious complications (OR=1.4, 

95% CI: 1.1-1.6), hematologic complications (OR=1.5, 95% CI: 1.2-1.8), vascular 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Y. Tang, M. Baumgarten, M. Shardell, E. Steinberger, C. Quinn, D. Andersen, G. Smith. 
Outcomes of  older adutls admitted to a level I trauma center: Associations with mechanism of 
injury in preparation. 	  
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complications (OR=1.6, 95% CI: 1.1-2.3), and renal failure (OR=2.2, 95% CI: 1.5-3.1).  

However, older adults with MVC injuries had lower odds of 30-day mortality (OR=0.8, 

95% CI: 0.6-0.9) and a lower hazard of death after discharge (HR=0.6, 95% CI: 0.6-0.7) 

than those with fall injuries.  

Conclusions: Older adults sustaining fall injuries are less likely to develop in-hospital 

complications than those sustaining MVC injuries. However, they are more likely to die 

within 30 days of injury admission and have a higher mortality rate after discharge than 

older adults with MVC injuries.  

I. Introduction  

Mechanism of injury (MOI) describes the circumstances when injury occurs, 

including categories of fall, motor vehicle collisions, struck by/against, cut/pierce, etc. 

MOI may be predictive of injury outcomes because patients injured by different 

mechanisms may present with different clinical profiles and different prognosis.26-29 Yet, 

MOI has not been routinely included in outcome evaluation studies, and its association 

with injury outcomes among injured older adults is poorly understood.	  

This study aimed to investigate the associations between MOI and the outcomes 

of injured older adults treated at a level I trauma center, including the risks of in-hospital 

complications, 30-day mortality, and the rate of long-term mortality. 

II. Methods 

This was a retrospective cohort study of older adults sustaining injuries from 

unintentional falls or motor vehicle collisions. All the patients were followed from the 

day they were discharged until death or December 31, 2008, whichever occurred first.  
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Participants 

Participants in this study were trauma patients who met the following inclusion 

criteria: (1) 65 years of age or over on admission to the R Adams Cowley Shock Trauma 

Center (STC) of the University of Maryland Medical Center; (2) admitted between July 1, 

1995 and November 30, 2008; (3) mechanism of injury was an unintentional fall or motor 

vehicle collision (including motor vehicle occupant, pedestrian, motorcycle, and cyclist 

injuries); (4) discharged alive and survived at least 1 day after discharge.  

Study Site 

R Adams Cowley Shock Trauma Center (STC) of the University of Maryland 

Medical Center is a level I trauma center. It has been the primary resource center for 

critically injured adults in the State of Maryland for more than three decades. Currently, 

about 7,000 patients are admitted to STC annually from a catchment of roughly 6 million 

people from an area over about 12,000 square miles.2  

The majority of patients in the STC are admitted within 1 hour after injury, and 

about 80% are transferred directly from the scene of injury.99 Patients admitted to the 

STC are more likely to have suffered from severe and multiple injuries, while those with 

less severe injuries, or isolated hip fractures, tend to seek care in local hospitals, clinics, 

or at their physician’s offices. Injury characteristics of the patients are comparable to 

those admitted to trauma centers throughout the United States.99, 100 

 Data Source: Trauma Registry (TR) Data 

The current study used data from the Trauma Registry (TR) maintained by the 

STC, which has been linked to death certificate data for deaths that occurred in the 

United States by December 31, 2008. The TR was established in the mid-1980s, 
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collecting information including patient demographics, injury details, and emergency and 

hospital medical care and services provided. Data from the TR are submitted to both the 

State of Maryland Trauma Registry and the National Trauma Data Bank. Trauma scoring 

is done via web-based interface with the state Collector system and then recorded into 

tables in the STC registry. All other information is abstracted from patient records using 

pick-list definitions.2  

For this study, I selected admissions between July 1, 1995 and November 30, 

2008. For patients with multiple admissions during this period, I selected the last 

admission. Specifically, patients’ demographic information, injury details, and clinical 

outcomes during hospital care were obtained from the TR. 

Death Ascertainment and Data Linkage 

Records with patients’ first name, last name, date of birth, sex, with or without 

social security number were prepared and sent to the National Center for Health Statistics 

in 2010 to ascertain deaths occurring between July 1, 1995 and December 31, 2008, using 

the National Death index (NDI). NDI retrieval report then provided possible death record 

matches for this cohort of patients. Both deterministic and probabilistic data linkage was 

applied to link the death certificate data with TR data.  

Death Certificate Data  Information on death certificates for 

identified deaths includes demographic information (name, sex, date of birth, marital 

status at death) and detailed death-related information, such as death certificate number, 

date, place, underlying and multiple causes of death. In this study, date of death was used 

to determine whether deaths occurred within 30 days of injury admission and the length 

of survival after discharge for those who died during the follow-up. 
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Measures 

Mechanism of injury (MOI)  To focus on the most common mechanisms 

of injury among older adults, only patients sustaining unintentional motor vehicle 

collision (MVC: including occupant, motorcyclist, bicyclist, pedestrian, and unspecified 

MVC injuries) or unintentional fall injuries were included in this study. The framework 

of E-code groupings for presenting injury mortality and morbidity data recommended by 

Centers for Disease Control and Prevention101 was applied to identify unintentional fall 

(E880.0-E886.9, E888) and unintentional MVC (E810-E819(.0-.9)) injuries.  

In-hospital Complications In-hospital complications were defined as 

development of pneumonia, renal failure, or cardiac, respiratory, infectious, hematologic, 

or vascular complications during the hospital stay. ICD-9 code was used to identify in-

hospital complications (See appendix 5). The number of complications was treated as an 

ordinal variable (1, 2-3, >=4). 

30-day mortality  Deaths shortly after discharge are frequent among 

older adults and, therefore, 30-day mortality, instead of in-hospital mortality, was used in 

this study to capture acute injury deaths. Date of injury was poorly recorded in the TR, 

and date of injury admission was used instead, along with date of death, to determine 

whether a death occurred within 30 days of injury admission. Among 784 older adults 

who died in the hospital as recorded in TR, 6% (N=49) did not have death certificate 

retrieved through NDI linkage. Incomplete information on key identifiers (including first 

and last name, date of birth, social security number) was found for this group of patients, 

which was probably the reason for the failure of death certificate retrieval. These patients 

were treated as dead on the discharge date. 
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Time to all-cause death  Patient’s vital status on December 31, 2008, 

dead or alive, was determined with death certificate information. For patients who died 

during follow-up, time to death was calculated as the time (in days) between discharge 

and death. Time to death was censored for those who were still alive on December 31, 

2008, and equals the number of days elapsed between discharge and December 31, 2008.  

Covariates Pre-injury host factors include age on admission, race, sex, obesity, 

tobacco use, alcohol dependence, blood alcohol concentration (BAC) on admission, and 

admission cohort (1995-1999, 2000-2004, and 2005-2008). Pre-existing medical 

conditions on admission include myocardial infarction (MI), congestive heart failure 

(CHF), chronic obstructive pulmonary disease (COPD), hypertension, stroke, and 

diabetes (non-insulin dependent). Injury severity was measured using the Injury Severity 

Score (ISS) (mild or moderate: <15, severe: 16-24, and massive: 25-75).  

III. Statistical Analysis 

Descriptive statistics of counts and proportions were reported for older trauma 

patients by mechanism of injury, and medians were presented for continuous variables. P 

values were obtained by chi-square test for binary variables, and Wilcoxon rank sum test 

for ordinal and continuous variables. Log rank test was used to test the difference in 

survival between fall and MVC patients, as well as between groups defined by 

categorized covariates.  

Logistic regression models were fittd to examine the associations of MOI with the 

outcomes of in-hospital complications and 30-day mortality. For number of 

complications, ordinal logistic regression was used, and the estimates of cumulative odds 
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ratios (ORs) and 95% CI were reported. Cox proportional hazard model was performed to 

examine the association of MOI with long-term mortality rate after discharge. 

IV. Results  

From July 1, 1995 to November 30, 2008, 3,219 and 2,943 older adults were 

admitted to the STC after sustaining unintentional fall and MVC injuries, respectively 

(Figure 5-1).  Characteristics of the injured older adults by mechanism of injury are 

presented in Table 5-1. The median age was 76 at the time of injury admission. Half of 

the patients were male, and the majority of the patients were White. PMCs were common 

among injured older adults. About 62% had 1 or more PMCs at the time of admission 

(Table 5-1). Majority of the patients sustained mild injuries, and 13% had severe injuries. 

No significant difference in ISS was found between fall and MVC patients.  

 
Figure 5-1. Older adults discharged from the Shock Trauma Center (1995-2008), 
by mechanism of injury 
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Table 5-1 Characteristics of older adults admitted to the Shock Trauma Center, 1995-2008, by 
mechanism of injury 

Variables, N (%)  

MOI 
Total 

(N=6,162) p* 
MVC 

(N=2,943) 
Fall 

(N=3,219) 
Demographic factors     
Age (yrs), median 74 78 76 <0.0001$ 
Age group    <0.0001# 
    65-74 1,547 (52.6%) 1,138 (35.4%) 2,685 (43.6%)  
    75-84 1,116 (37.9%) 1,306 (40.6%) 2,422 (39.3%)  
    85+  280 (9.5%) 775 (24.1%) 1,055 (17.1%)  
Male 1,559 (53.0%) 1,582 (49.1%) 3,141 (51.0%) <0.01 
Race    <0.05 
    White 2,338 (79.4%) 2,650 (82.3%) 4,988 (80.9%)  
    Black  454 (15.4%) 439 (13.6%) 893 (14.5%)  
    Other   112 (3.8%) 87 (2.7%) 199 (3.2%)  
    Unknown  39 (1.3%) 43 (1.3%) 82 (1.3%)  
Tobacco use  360 (12.2%) 384 (11.9%) 744 (12.1%) 0.72 
Alcohol dependence   94 (3.2%) 161 (5.0%) 255 (4.1%) <0.01 
BAC on admission    <0.0001 
    Positive  232 (7.9%) 317 (9.8%) 549 (8.9%)  
    Negative 2,118 (72.0%) 1,895 (58.9%) 4,013 (65.1%)  
    Not tested  574 (19.5%) 988 (30.7%) 1,562 (25.3%)  
    Unknown  19 (0.3%) 19 (0.3%) 38 (0.6%)  
PMCs     
Hypertension 1,396 (47.4%) 1,680 (52.2%) 3,076 (49.9%) <0.001 
Diabetes  368 (12.5%) 465 (14.4%) 833 (13.5%) <0.05 
Stroke  122 (4.1%) 341 (10.6%) 463 (7.5%) <0.0001 
Myocardial infarction  191 (6.5%) 245 (7.6%) 436 (7.1%) 0.09 
CHF  123 (4.2%) 254 (7.9%) 377 (6.1%) <0.0001 
COPD  107 (3.6%) 171 (5.3%) 278 (4.5%) <0.001 
Number of PMCs    <0.0001 
               0 1,240 (42.1%) 1,122 (34.9%) 2,362 (38.3%)  
               1 1,203 (40.9%) 1,289 (40.0%) 2,492 (40.4%)  
               >=2  500 (17.0%) 808 (25.1%) 1,308 (21.2%)  
Injury factors     
ISS, median 11 10 10 0.0001$ 
ISS group    0.92# 
    Mild (<15) 1,737 (59.0%) 1,830 (56.8%) 3,567 (57.9%)  
    Moderate (16-25)  630 (21.4%) 990 (30.8%) 1,620 (26.3%)  
    Severe (>=26)  483 (16.4%) 331 (10.3%) 814 (13.2%)  
    Unknown  93 (3.2%) 68 (2.1%) 161 (2.6%)  
BAC, blood alcohol concentration; PMCs, pre-existing medical conditions; CHF, congestive 
heart failure; COPD, Chronic obstructive pulmonary disease; ISS, Injury Severity Score.  
*Chi-square test unless otherwise noted (observations with unknown information excluded 
for testing). 
$Wilcoxon rank sum test used for continuous variables comparing medians. 
#Wilcoxon rank sum test used for ordinal variables. 
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In-hospital Complications 

 A higher proportion of MVC patients developed in-hospital complications than 

fall patients, for each of the seven in-hospital complications except pneumonia (Table 5-

2). Older adults sustaining MVC injuries also had higher numbers of complications than 

those with fall injuries (p<0.0001).  

Table 5-2. Count and percentages of outcomes among older adults admitted to the Shock Trauma 
Center, 1995-2008, by mechanism of Injury (N=6,162)  

 Mechanism of injury, n(%) 

p* Total (%) Outcome 
MVCs 

(N=2,943) 
Falls 

(N=3,219) 
Type of complications     

Respiratory 536 (18.2) 462 (14.4) <0.0001 998 (16.2) 
Cardiac 390 (13.3) 315 (9.8) <0.0001 705 (11.4) 
Hematologic  365 (12.4) 286 (8.9) <0.0001 651 (10.6) 
Infectious 340 (11.6) 298 (9.3) <0.001 638 (10.4) 
Pneumonia 167 (5.7) 157 (4.9) 0.16 324 (5.3) 
Renal failure 99 (3.4) 51 (1.6) <0.0001 150 (2.4) 
Vascular 64 (2.2) 48 (1.5) 0.04 112 (1.8) 

Count of complications   <0.0001  
0 
1 
2-3 

               >=4 

2,088 (71.0) 
347 (11.8) 
330 (11.2) 
178 (6.1) 

2,405 (74.7) 
389 (12.1) 
321(10.0) 
104 (3.2)  

4,493 (72.9) 
736 (12.0) 
651 (10.5) 
282 (4.6) 

Death within 30 days of injury 
admission 383 (13.0%) 535 (16.6%) <0.0001 918 (14.9%) 
     
Discharged alive 2,563 2,794  5,357 
Death after discharge 872 (34.0%) 1451 (51.9%) <0.0001 2,323 (43.4%) 
Note: Percentages may not add up to 100% because of rounding. MVCs, motor vehicle collisions.  

*Chi-square test. 

The difference remained statistically significant after controlling for demographic 

factors, pre-existing medical conditions, and severity of the injury (Table 5-3). Compared 

to older adults sustaining fall injuries, those with MVC injuries had significantly higher 

odds of cardiac complications (OR=1.6, 95% CI: 1.4-1.9), respiratory complications 

(OR=1.3, 95% CI: 1.1-1.5), infectious complications (OR=1.4, 95% CI: 1.1-1.6), 
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hematologic complications (OR=1.5, 95% CI: 1.2-1.8), vascular complications (OR=1.6, 

95% CI: 1.1-2.3), and renal failure (OR=2.2, 95% CI: 1.5-3.1).  MVC patients also had 

significantly higher odds of developing a higher number of in-hospital complications 

(cumulative OR=1.4, 95% CI: 1.2-1.7). 

30-day Mortality 

 Thirteen percent (N=383) of MVC patients died within 30 days of injury 

admission, compared to 17% (N=535) of fall patients (Table 5-2). The adjusted OR of 

30-day mortality, comparing MVC to fall injuries, was 0.8 (95% CI: 0.6-0.9) (Table 5-3). 

In another words, the odds of death within 30 days of injury admission among fall 

patients was 1.25 times that among MVC patients. 

Long-term Mortality 

Long-term mortality was examined among 5,357 older adults who were 

discharged alive and had survived at least one day after discharge. Nearly 52% of older 

adults with fall injuries died after discharge from the STC, significantly higher than the 

34% among those with MVC injuries (Table 5-2).  

A life table survival curve for time-to-death by mechanism of injury is shown in 

Figure 5-2. The deaths clustered in the early period after discharge, as demonstrated by 

the sharp drop during the first year of follow-up. Although patients with both  

mechanisms showed continuous decrease over time, the survival probability for patients 

with fall injuries continuous decrease over time, the survival probability for patients with 

fall injuries dropped at a significantly higher rate than that for patients with MVC injuries 

(p<0.001). 
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 Cox model of mortality rate after discharge 

 Proportional hazards assumption was checked for each categorical variable, and 

none showed violation of the assumption. After controlling for demographic factors, 

PMCs, and ISS, the adjusted HR of mortality after discharge was 0.6 (95% CI: 0.6-0.7), 

comparing MVC to fall patients (Table 5-3). In another words, the hazard of death among 

fall patients was 1.7 times the hazard among MVC patients.  

V.  Discussion 

 Although mechanism of injury has been indicated as an important factor in injury 

outcomes, 26-28, 73,85 limited research has explored its role in geriatric trauma. This study 

aimed to examine the associations between MOI and injury outcomes of older adults, 
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including the risks of in-hospital complications, 30-day mortality, and long-term 

mortality rate. The results of this study provide evidence that older adults injured in falls 

differ from those injured in MVCs. While fall patients had lower odds of in-hospital 

complications, they demonstrated higher odds of 30-day mortality and a higher hazard of 

death after discharge, compared to older adults sustaining MVC injuries. 

 Twenty-nine percent of older adults sustaining MVC injuries in this study 

developed one or more in-hospital complications, significantly higher than the 26% 

among older adults with fall injuries. Although the cumulative incidences of in-hospital 

complications in this study were much lower than the reported 45% and 36% for MVC 

and fall injuries, respectively, in an earlier study28, the findings are similar in that patients 

with MVC injuries are more likely to develop in-hospital complications than fall patients. 

Higher risks of complication in MVC patients may be a result of a longer hospital stay, as 

patients of fall injuries are usually discharged sooner and therefore had less exposure to 

in-hospital complications. 

 Among older adults sustaining MVC injuries, there were 383 deaths within 30 

days of injury admission, of which 11% (N=41) occurred after hospital discharge. What 

is even more striking is that, among fall patients, 141 acute deaths were captured after 

discharge, accounting for over 26% of the total 30-day mortality among these patients. In 

another words, for every 4 acute deaths after fall injuries among older adults, there will 

be one death occurring outside of hospital but shortly after discharge. This finding 

highlights the importance of following injured older adults after discharge to achieve 

accurate mortality evaluation, in particularly for fall patients.   
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Unexpectedly, older adults sustaining fall injuries had higher odds of 30-day 

mortality than older adults with MVC injuries, with an adjusted OR of 1.25 (95% CI :1.1-

1.7). This is in agreement with an earlier study28, although the effect reported in the 

current study was much smaller. In contrast, another study reported an odds ratio of 1.7 

for in-hospital deaths among MVCs compared to fall injuries, but it included primarily 

younger adults. After discharge from the trauma center, fall patients continued to have a 

significantly increased mortality rate compared to MVC patients with an adjusted HR of 

1.7. It is unclear why the mechanism of the acute injury event may predict long-term 

survival. Future studies are needed to examine whether fall patients suffer from more 

severe functional loss or whether they have higher risks of subsequent injuries than older 

adults with MVC injuries. 

VI. Strengths and Limitations 

 This study addressed the associations between MOI and outcomes of injured older 

adults. The study findings are helpful in understanding the role of MOI in trauma among 

older adults. Firstly, this study focused on unintentional fall and MVC injuries. Rather 

than including all mechanisms of injury possible among older adults, limiting analysis to 

the most frequent mechanisms avoids complicated analysis and allows for 

straightforward interpretation of study findings. Secondly, this study examined both 

short-term and long-term outcomes of injury. Like most of the earlier studies, this study 

examined outcomes frequently observed in acute care settings, including in-hospital 

complications. The outcome of 30-day mortality was also examined, instead of in-

hospital mortality, since the former may more completely capture acute deaths after the 

injury. Most importantly, this study investigated the long-term mortality by following up 
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older adults after they were discharged from the Shock Trauma Center. The results about 

each of these outcomes provide different information. Yet, altogether, they make up a 

more complete understanding of the associations between MOI and injury outcomes. 

 This study has its limitations. The in-hospital complications categories include a 

heterogeneous set of complications. This study does not differentiate individual 

complications within a category and cannot provide estimates for individual 

complications. There is no information regarding the duration, seriousness or treatment of 

PMCs. Similarly, information on individual’s pre-injury functional status, ability to 

perform daily activities, socioeconomic status, insurance status, and social support are not 

available. This information is either not routinely collected at Trauma Registry or is not 

available for analysis in this study. This results in limited control of confounding in 

examining the outcomes.  

 Information bias is also possible in this study. Accuracy of mechanism of injury 

and in-hospital complications fully rely on the accuracy and completeness of coding at 

the TR. Misclassification of MOI and under-reporting of in-hospital complications are 

possible. Similarly, deaths are determined by death certificate information, and the 

accuracy of mortality outcomes relies on ascertainment of deaths and the quality of date 

of death information contained in death certificates. The method that was used to 

ascertain deaths for this study, using social security number, name, and date of birth, has 

been reported to have very high sensitivity in ascertaining deaths.108, 109. Although in this 

study there were 49 (6%) unlinked deaths out of 784 in-hospital deaths, these patients had 

incomplete information on key identifiers in the TR.  It is reasonable to assume that the 

incomplete identifier, rather than any other factors, contributes primarily to the failure of 
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linkage to a death certificate. Therefore, under-estimated number of deaths is expected, 

but there is no indication for any differential misclassification in vital status. In addition, 

misclassification of confounders is possible and may result in residual confounding.  

 Limited generalization is another limitation of this study. The trauma patients 

with falls and MVCs included in this study all come from the same specialized regional 

trauma center, where patients of minor or isolated injuries were not included. Therefore, 

the geriatric trauma population included in this study may not be representative of 

patients with all injuries, including other mechanisms, or of patients with injuries 

occurring at other trauma centers in the country. 

 This study provides evidence that older adults sustaining fall injuries differ 

significantly from those sustaining MVC injuries in their outcomes. Older adults with 

MVC injuries are more likely to develop in-hospital complications compared to patients 

with fall injuries. However, MVC patients are less likely to die after the injury and they 

have a much lower mortality rate in the 10 years after discharge than fall patients. 
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Chapter 6 The Impact of Injury on Long-term Mortality of Older Adults after 

Discharge from a Level I Trauma Center 3  

Abstract 

Objective: To estimate the impact of injury upon long-term mortality among injured older 

adults after discharge. 

Setting: Retrospective analysis of Trauma Registry (TR) data at the Shock Trauma Center 

(STC), University of Maryland Medical Center. 

Methods: Eligible participants included individuals who were 65 years of age or over at 

the time of admission to the STC between July 1, 1995 and November 30, 2008 for 

unintentional falls or motor vehicle collision (MVC) injuries, and were discharged alive 

from the STC. The participants were followed since discharge until December 31, 2008 

for vital status. Information on patients’ vital status as of December 31, 2008 and the date 

of death were obtained by linking TR with the National Death Index. General population 

mortality data for Maryland were retrieved from Wide-ranging Online Data for 

Epidemiologic Research (WONDER), Centers for Disease Control and Prevention, to 

estimate the expected number of deaths, which was then applied for the calculation of 

standardized mortality ratios (SMRs) and relative survival ratios (RSRs). 

Results: Forty-three percent (N=2,323) of the 5,357 discharged older adults died during 

follow-up, with length of survival ranging from 1 day to over 10 years. SMR at 6 months 

after discharge was 4.5 (95% CI: 4.1-4.8), which decreased to 1.7 (95% CI: 1.7-1.8) at 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Y. Tang, M. Baumgarten, M. Shardell, E. Steinberger, C. Quinn, D. Andersen, G. Smith. The 
impact of injury on long-term mortality of older adults after discharge from a level I trauma 
center in preparation.	  
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13.5 years after discharge. Interval-specific SMRs were all significantly higher than 1 for 

each of the first 10 years after discharge, ranging from 1.4 (95% CI: 1.2-1.5) between 5 to 

10 years after discharge to 4.5 during the first 6 months of follow-up. The relative 

survival ratio for discharged patients, compared to the age-, sex-, and race-matched 

Maryland population, was 91.0% (95% CI: 90.1%-91.9%) at 6 months, 86.7% (95% CI: 

85.4%-88.0%) at 2 years, and 72.6% (95% CI: 69.3%-75.8%) at 10 years after discharge.  

Conclusions: The impact of injury upon all-cause long-term mortality was most obvious 

during the first 6 months after discharge but lasted as long as 10 years, by which time 

more than 25% of discharged older adults who were expected to be alive had died.  

I. Introduction  

While the mortality burden of trauma is most evident in acute care settings, 95 

patients may experience adverse effects even after they are discharged alive from 

hospitals or trauma centers, as deaths have also been observed shortly after discharge 

following an injury, especially among older adults. Since increasing numbers of older 

adults are treated and discharged from trauma centers, mortality burden related to injury 

is likely to be under-estimated if we overlook deaths occurring beyond the acute care 

period. Currently, there is very limited knowledge regarding the potential lasting impact 

of injury upon mortality: it is unclear whether older adults discharged from trauma 

centers have the same life expectancy as those who are not injured or if they have a 

higher than expected mortality rate.  

This study aimed to estimate the impact of injury on long-term mortality among 

older adults after discharge from a level I trauma center. 
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II. Methods 

This was a retrospective cohort study of older adults admitted to the R Adams 

Cowley Shock Trauma Center (STC), University of Maryland Medical Center, between 

July 1, 1995 and November 30, 2008. All the patients were followed for vital status from 

the day they were discharged until December 31, 2008.  

Participants 

Participants in this study were trauma patients meeting the following inclusion 

criteria: (1) 65 years of age or over on admission to the STC; (2) admitted between July 1, 

1995 and November 30, 2008; (3) mechanism of injury was an unintentional fall or motor 

vehicle collision (including motor vehicle occupant, pedestrian, motorcycle, and cyclist 

injuries); (4) discharged alive and survived at least 1 day after discharge.  

Study Site  

R Adams Cowley Shock Trauma Center (STC), University of Maryland Medical 

Center is a level I trauma center (providing the highest level of trauma care). It has been 

the primary resource center for critically injured adults in the State of Maryland for more 

than three decades. Currently, about 7,000 patients are admitted to the STC annually from 

a catchment of roughly 6 million people from an area over about 12,000 square miles.2  

 The majority of patients in the STC are admitted within 1 hour after injury, and 

about 80% are transferred directly from the scene of injury.99 Patients admitted to the 

STC are more likely to have suffered from severe and multiple injuries, while those with 

less severe injuries, or isolated hip fractures, tend to seek care in local hospitals, clinics, 

or at their physician’s offices. Injury characteristics of the patients are comparable to 

those admitted to trauma centers throughout the United States.99, 100 
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 Trauma Registry Data 

The current study used data from the Trauma Registry (TR) maintained by the 

STC, which has been linked to death certificate data for deaths that occurred in the 

United States between January 1,1983 and December 31, 2008. The TR was established 

in the mid-1980s, and includes information on patient demographics, injury details, and 

emergency and hospital medical care and services provided. Data from the TR are 

submitted to both the State of Maryland Trauma Registry and the National Trauma Data 

Bank. Trauma scoring is done via web-based interface with the state Collector system 

and then recorded into tables in the STC registry. All other information is abstracted from 

patient records using pick-list definitions.2  

A data file with patients’ first name, last name, date of birth, sex, with or without 

social security number was compiled and sent to the National Center for Health Statistics 

in 2010 to ascertain deaths occurring between January 1, 1983 and December 31, 2008, 

using the National Death index (NDI). NDI retrieval report then provided possible death 

record matches for this cohort of patients. Both deterministic and probabilistic data 

linkage was applied to link the death certificate data with TR data. Information on death 

certificates for identified deaths included demographic information (Name, sex, date of 

birth, marital status at death) and mortality information, such as death certificate number, 

date, place, underlying and multiple causes of death.  

For this study, we selected admissions between July 1, 1995 and November 30, 

2008. For patients with multiple admissions during this period, we selected the last 

admission. Patients’ demographic information, pre-existing medical conditions, injury 

details were obtained from the TR. 
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Population Mortality Data 

Population mortality data for the state of Maryland were retrieved from the Wide-

ranging Online Data for Epidemiologic Research (WONDER), Centers for Disease 

Control and Prevention, including number of individuals at risk, number of deaths, and 

proportion of survival in each calendar year (death rate in a calendar year) for each sex, 

race and age group in the state of Maryland (See Appendix 1) for all-cause deaths.  

Measures 

Injury Status  To allow for a comparison of long-term mortality, the 

injured older adults were compared with the Maryland general population. All the older 

adults admitted to the STC were exposed to injury. The general Maryland population is 

considered unexposed to injury overall, although a small number of them were trauma 

patients exposed to injury.  

Time to all-cause death  Patient’s vital status on December 31st, 2008, 

dead or alive, was determined with death certificate information. For patients who died 

during follow-up, time to death was calculated as the time (in days) between discharge 

and death. The time was censored for those who were still alive on December 31st, 2008, 

and equals the number of days elapsed between discharge and December 31st, 2008.  

Patient characteristics  Demographic and clinical factors include 

age on admission, race, sex, obesity, tobacco use, alcohol dependence, blood alcohol 

concentration (BAC) on admission, and admission cohort (1995-1999, 2000-2004, and 

2005-2008). Pre-existing medical conditions on admission include myocardial infarction 

(MI), congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), 

hypertension, stroke, and diabetes (non-insulin dependent).  
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Injury Characteristics    Factors describing injury characteristics include 

the Injury Severity Score (ISS) (mild or moderate: <15, severe :16-24, and massive:25-75) 

and the mechanism of injury (unintentional fall or unintentional MVC).  

III. Statistical Analysis 

Descriptive statistics of counts and proportions were reported for injured older 

men and women, and medians were presented for continuous variables. Length of 

survival after discharge was described for those who died during follow-up, and life-table 

estimates of survival proportion among discharged older adults were also provided for 

all-cause deaths.  

 Standardized Mortality Ratio  

Standardized mortality ratios (SMRs) were calculated as the ratio of the observed 

to the expected number of deaths, assuming the injured older adults would have the same 

rate of death as the general population if not injured. Using the life table method, the 

expected number of deaths was calculated applying the population mortality rate to the 

observed follow-up of older adults included in this study. Both cumulative (from 

discharge up to a certain point of time during follow-up) and interval-specific (in a 

certain interval during follow-up) SMRs were estimated. 

 Considering this study spans a 14-year period, during which the survival rate may 

have changed for geriatric trauma patients in the United States, period analysis was 

adopted to examine survival. For example, the one-year survival rate in 1995 may be 

lower than that in 2005 because of improvement in trauma care for older adults. Using 

traditional survival analysis and treating a one-year follow-up in 1995 the same as a one-

year follow-up in 2005 would miss the opportunity of identifying possible secular 
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changes. Period analysis allows for more accurate estimates, as it assumes stable survival 

rate only in defined periods of time. In this study, the first cut-off year was chosen to be 

1999 as the coding of underlying causes of death changed in that year. The remaining 

years were then divided in 5-year periods. Therefore, 3 calendar-year periods between 

1995 and 2008 were used: 1995-1998, 1999-2003, and 2004-2008.  

For each patient, the number of person-years of follow-up was calculated from the 

date of discharge until death or the end of follow-up on December 31, 2008, whichever 

occurred first. However, only follow-up that occurred during a specific period 

contributed follow-up to that particular period for the estimation of the expected number 

of deaths (See Appendix 7). For example, for a patient who was discharged in 1995 and 

survived until 2000, his/her first 4 years of follow-up contributed to the first period, and 

the 5th and 6th year of follow-up to the second period of 1999-2003. This patient would be 

considered in estimating the 1-year survival rate for the first period but not for the 2nd or 

3rd period. Similarly, the patient would be included in analysis for estimating the 5-year 

survival rate for the second period of 1999-2003 but not for the 1st or 3rd period. When no 

significant differences among the three periods were observed, traditional cohort analysis 

was performed to provide an overall estimate for the whole study period of 1995-2008. 

Relative Survival Ratio 

Relative survival ratio (RSR) was estimated by comparing the observed with the 

expected survival proportion of injured older adults, presented as a percentage.  Observed 

survival was the proportion of older adults who remained alive. The expected survival 

was calculated as one minus the expected proportion of deaths, using the expected 

number of deaths. 
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RSRs lower than 100% suggest higher mortality rate and lower survival 

proportion, and RSRs equal to or higher than 100% indicate same or lower mortality rate 

and higher survival proportion in the geriatric trauma population, compared to the 

Maryland general population.  

Subgroup analysis 

As survival differs by gender, interval-specific SMRs and RSRs were estimated 

for injured older men and women, respectively. In addition, interval-specific SMRs and 

RSRs were estimated for groups defined by injury factors, namely ISS and mechanism of 

injury, to explore any possible difference in the impact in different injury groups. 

IV. Results  

From July 1, 1995 to November 30, 2008, 6,162 injured older adults were 

admitted to the STC after sustaining unintentional fall or MVC injuries; 5,357 (87%) 

were discharged alive (Figure 6-1).  Patients’ characteristics at the time of injury 

admission are presented in Table 6-1.  

Figure 6-1. Geriatric trauma patients discharged from the Shock Trauma Center, 1995-2008 
 

All Trauma Patients (N=74,359) 

N=66,528 (89.5%) age<65  
N=57(0.04%), missing age 

N=1590 (20.6%), injured with other MOI  
N=10 (1.3%) missing MOI 

Injured older adults 
 (N=7,774) 

Discharged Alive  
(N=5,357) 

MVCs and fall injuries 
 (N=6,162) 

N=784(12.7%), in-hospital deaths  
N=18 (0.3%), death on or before discharge date 
N=3 (0.04%), missing discharge status 
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Table 6-1 Characteristics of older adults discharged from the Shock Trauma Center, 1995-2008, 
by sex 

Variables 
Men Women Total 

p* (N=2,689) (N=2,668) (N=5,357) 
Demographic factors         
Age (yrs), Median 74 77 75 <0.001$ 
Age group)       <0.001# 
    65-74 1,390 (51.7%) 1,063 (39.8%) 2,453 (45.8%)   
    75-84 1,001 (37.2%) 1,047 (39.2%) 2,048 (38.2%)   
    85+  298 (11.1%) 558 (20.9%) 856 (16.0%)   
Race       <0.01 
    Black  442 (16.4%) 351 (13.2%) 793 (14.8%)   
    Other race   93 (3.5%) 83 (3.1%) 176 (3.3%)   
    White 2,122 (78.9%) 2,196 (82.3%) 4,318 (80.6%)   
    Unknown   32 (1.2%) 39 (1.4%) 70 (1.3%)   
Tobacco use  448 (16.7%) 232 (8.7%) 680 (12.7%) <0.001 
Alcohol dependence  170 (6.3%) 65 (2.4%) 235 (4.4%) <0.001 
BAC on admission       <0.001 
    BAC not tested  610 (22.7%) 709 (26.6%) 1,319 (24.6%)   
    BAC tested negative 1,756 (65.3%) 1,756 (65.8%) 3,512 (65.6%)   
    BAC tested positive  309 (11.5%) 186 (7.0%) 495 (9.2%)   
    Unknown  14(0.5%) 17 (0.6%) 31 (0.6%)   

            
PMCs        

Hypertension 1,290 (48.0%) 1,463 (54.8%) 2,753 (51.4%) <0.001 
Diabetes, non-insulin dependent  386 (14.4%) 369 (13.8%) 755 (14.1%) 0.58 
Stroke  190 (7.1%) 203 (7.6%) 393 (7.3%) 0.44 
Myocardial infarction  235 (8.7%) 143 (5.4%) 378 (7.1%) <0.001 
Congestive heart failure  145 (5.4%) 170 (6.4%) 315 (5.9%) 0.12 
Chronic obstructive pulmonary 
disease  115 (4.3%) 110 (4.1%) 225 (4.2%) 0.78 

Number of PMCs       0.06 
    1 PMC 1,088 (40.5%) 1,124 (42.1%) 2,212 (41.3%)   
    2 or more PMCs  561 (20.9%) 585 (21.9%) 1,146 (21.4%)   
    No PMC 1,040 (38.7%) 959 (35.9%) 1,999 (37.3%)   

            
Injury factors        
Mechanism of injury       <0.01 
    Falls 1,347 (50.1%) 1,447 (54.2%) 2,794 (52.2%)   
    Motor vehicle collisions 1,342 (49.9%) 1,221 (45.8%) 2,563 (47.8%)   
Injury severity score, Median 10 9 9 <0.001$ 
Injury severity score group       <0.05# 
    Mild injury ISS<15 1,702 (63.3%) 1,769 (66.3%) 3,471 (64.8%)   
    Moderate injury 16<=ISS<=25  674 (25.1%) 640 (24.0%) 1,314 (24.5%)   
    Severe injury ISS>=26  239 (8.9%) 189 (7.1%) 428 (8.0%)   
    Unknown  74 (2.7%) 70 (2.6%) 144 (2.7%)   
     

Death on or before 12/31/2008 1,218 (45.3%) 1,105 (41.4%) 2,323(43.4%) <0.01 
*Chi-square test unless otherwise noted. Statistical test for a specific variable was performed excluding 
patients with unknown information for that variable. 
$Wilcoxon rank sum test used for continuous variables comparing medians. 
#Wilcoxon rank sum test used for ordinal variables. 
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Older adults in this study had a mean age of 75 and 84% of them were under 85 

years of age. PMCs were common: more than 62% had 1 or more PMCs at the time of 

admission, 41% had one PMC and another 21% had two or more PMCs (Table 6-1).   

Life Table Survival Estimates  

The survival probability was 96% at 1 month and 93% at 2 months after discharge 

(Table 6-2). It decreased to 84% at 1-year and further to 78% at 2-year follow-up. The 

survival probability continued to drop as follow-up continued. By the end of 13 years of 

follow-up, the survival probability was about 33% among discharged geriatric trauma 

patients.   

Table 6-2. Life table survival estimates of older adults who were discharged from the Shock 
Trauma Center, 1995-2008 (N=5,357) 

Follow-up interval 
after discharge^ 

Number of 
deaths 

Number 
Censored 

Effective 
Sample 

Size 

Survival 
probability 

(%) 
0- <1 month 230 4* 5,355.0 95.7 
1 -<2 months 125 28 5,109.0 93.4 
2 -<6 months 246 155 4,892.5 88.7 

6 -<12 months 211 229 4,454.5 84.5 
1 -<2 years 326 377 3,940.5 77.5 
2 -<3 years 273 295 3,278.5 71.0 
3-<5 years 371 487 2,614.5 61.0 

5 -<10 years 490 1024 1,488.0 40.9 
>=10 years 51 435 268.5 40.5 

*Admission date of November 30th, 2008 was chosen to ensure at least 30 days of follow-up for 
most of the patients. For the 4 patients who were discharged after November 30th, 2008, their 
length of follow-up was shorter than 30 days. Therefore, their status for 30-day survival on 
December 31st, 2008 was unknown and censored. 
^The interval does not include the lower end. 
 
Standardized Mortality Ratio (SMR) 

 SMRs for all-cause deaths in the 3 calendar-year periods were similar (See 

Appendix 10). Therefore, the overall estimates for the whole study period of 1995-2008 

were reported (Table 6-3). SMR at six months after discharge was 4.5, suggesting 4.5 

times more deaths observed among the injured older adults than expected. SMRs 
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decreased over time but remained greater than 1 even at 13.5 years of follow-up, 

indicating there was a higher-than-expected number of deaths among the injured older 

adults by the end of follow-up.   

 Similarly, interval-specific SMR tended to decrease with time but remained 

significantly higher than 1 until 10 years after discharge. Interval-specific SMRs not only 

demonstrated higher-than-expected number of deaths, but also provided evidence that 

more deaths among discharged older adults were observed anytime within the first 10 

years of follow-up.  

Table 6-3.  Standardized mortality ratios (cumulative and interval-specific) of older adults 
discharged from the Shock Trauma Center, 1995-2008 (N=5,357)* 
 

Follow-up interval 
 (Years) 

SMR (95% CI) 
Cumulative Interval-specific 

0-<0.5  4.5(4.1,4.8) 4.5(4.1,4.8)  
0.5-<1    3.2(3.0,3.5) 1.8(1.6,2.0)  
1-<2    2.5(2.3,2.6) 1.6(1.4,1.7)  
2-<5    2.0(1.9,2.1) 1.4(1.3,1.5)  
5-<10   1.8(1.7,1.9) 1.4(1.2,1.5)  
10-13.5 1.7(1.7,1.8) 0.9(0.7,1.2)  

*SMR, standardized mortality ratio. Cumulative standardized mortality ratios are estimated for 
the upper end of the follow-up interval listed in the first column. Interval-specific SMRs are 
estimated for the interval listed in the first column.  

Relative Survival Ratio  

Relative survival ratios for all-cause deaths in the 3 calendar-year periods were 

similar (See Appendix 12). Therefore, the overall estimates for the whole study period of 

1995-2008 were reported (Table 6-4). 

 At all times during follow-up, RSRs remained significantly smaller than 1, 

indicating worse survival of injured older adults, compared to those who shared the same 

age, race, and sex characteristics in the general population in Maryland (Table 6-4). For 
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example, by one year after discharge, RSR was 89.2%, suggesting that for every 100 

injured older adults who were expected to survive at least 12 months after discharge, only 

about 89 were actually alive.  As follow-up continued, RSRs decreased.  

Table 6-4. Relative survival ratios (%) of older adults discharged from the Shock Trauma Center, 
1995-2008 (N=5,357)* 

 
RSR, % (95% CI) Follow-up (Years) 

     0.5 91.0 (90.1, 91.9)  
     1.0 89.2 (88.2, 90.3)  
     2.0 86.7 (85.4, 88.0)  
     5.0 81.0 (79.1, 83.0)  
     10.0 72.6 (69.3, 75.8)  
     13.5 75.7 (69.6, 81.9)  

Sub-group SMRs and RSRs 

 Injured older men and women showed higher-than-expected mortality rates, 

compared to un-injured older men and women in Maryland, respectively (). Except the 

SMR for the first 6 months after discharge, SMRs were similar for injured older men and 

women. The same finding was found regarding RSRs (). 

 Interval-specific SMRs decreased over time for all patients regardless of ISS on 

admission (Table 6-5). The impact of injury upon mortality was most obvious during the 

first 6 months among all of the sub-groups (Table 6-6). Those with mild injuries had the 

highest RSR of 93.9% at 6 months, followed by 85.5% of those with moderate injuries 

and 83.4% of those with only severe injuries. Although RSRs decreased over time for all 

patients, the difference in RSRs shrank among groups of different severity of injuries, 

and the RSRs of those with moderate injuries became the lowest after 5 years after 

discharge. 
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 Older adults sustaining fall injuries had a SMR of 5.6 (95% CI: 5.1-6.2) during 

the first 6 months after discharge, which decreased with follow-up time but remained 

significantly higher than 1 until 10 years after discharge (Table 6-5). SMR for older 

adults sustaining MVCs was 2.7 (95% CI: 2.3-3.2) at 6 months after discharge. However, 

the observed number of deaths was not higher than expected between 6 months and 5 

years of follow-up among MVC patients. The RSRs for fall patients were 86.1% at 6 

months after discharge, which dropped significantly over time to 62.8% at 13.5 years of 

follow-up (Table 6-6). In contrast, MVC patients demonstrated a much smaller decrease, 

from 96.2% to 88.7% at 13.5 years after discharge. Even at 13.5 years after discharge, the 

RSR for MVC patients was nearly 89% (95% CI: 79.8%-97.6%). 

V. Discussion 

 Although geriatric trauma has attracted increasing attention, limited research has 

followed injured older adults after their discharge from acute care centers, and very little 

is known about the life expectancy of injured older adults after they survive the acute 

injury. This study aimed to estimate the impact of injury upon long-term mortality and 

found that injured older adults showed consistently higher-than-expected mortality rates 

for 10 years after discharge.  

 In this study, 89% of discharged geriatric trauma patients were alive at 6 months 

post-discharge, and 84% were at 1 year after discharge. The survival probability 

decreased to 77% at 2-year follow-up and continued to drop as follow-up continued. By 

the end of 10 years of follow-up, only about 40% of these older adults were still alive. 

Other studies reported similar or lower survival probabilities.10, 18, 20 The survival 

probability in my study is greater probably because most of these studies used patient 
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populations from the 1990’s or even earlier, while my study included patients primarily 

from the 2000’s, when trauma care had improved.  

  Estimates of SMRs for all-cause deaths suggest that the number of observed 

deaths among discharged older adults was significantly higher than expected. By the 5th 

year after discharge, SMR was 2.0 (95% CI: 1.9-2.1) in this study, similar to the relative 

risk of 1.6 (95% CI: 1.5-1.6) in a study comparing an injured to an un-injured cohort.19 

The interval-specific SMR for the first six months after discharge was 4.5 (95% CI: 4.1-

4.8), suggesting a substantial adverse effect of injury with 4.5 times more deaths, 

compared to the expected number of deaths. Although the interval-specific SMR 

decreased at later follow-up intervals, suggesting a decreasing strength of the impact, it 

remained significantly higher than 1 even between 5 to 10 years after discharge. Injured 

older adults are reported to suffer impaired activity levels and have increased risk of 

further functional decline and loss of independence.10, 11 It is possible that, once injured, 

older adults seldom fully recover or regain their level pre-injury health status, resulting in 

a lower life-expectancy than if not injured. 

RSRs, as corrected survival probabilities accounting for expected mortality, 

describe the impact of injury on a population in way that is different from SMRs. For 

example, fatal diseases, such as liver cirrhosis, usually have large SMRs but are not 

necessarily associated with a large impact on the survival of the overall population 

because of its low prevalence. Less severe diseases, such as diabetes, may have relatively 

low SMRs but can contribute to a major part of years of potential life lost.  

At all times during the study period, RSRs were significantly less than 1, 

suggesting a lower survival probability of these injured older adults compared to the 
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expected survival probability. By the end of the 10th year of discharge, less than 3 

quarters of those who were expected to be alive were actually alive (RSR=72.6%, 95% 

CI: 69.3%-75.8%). Although the biggest drop in RSR occurred during the first 6 months 

after discharge, the injury impact upon mortality accumulated with time as the drop in 

RSRs continued through 13.5 years of follow-up. 

 The sub-group analysis yielded interesting findings. Injured older men and 

women experienced similar injury impact demonstrated by similar SMRs and RSRs, as 

opposed to a stronger impact usually found among men than women in hip fracture 

studies.36 ISS groups differed greatly in RSRs earlier during follow-up, when the 

strongest impact was observed among those with most severe injuries. The difference 

decreased over time and by 13.5 years after discharge, the impact of injury was not very 

different among ISS groups.  MVC patients reflected the mortality rate of a general older 

adult population, as their SMRs were all close to 1 except during the first 6 months after 

discharge. In contrast, the number of deaths was consistently higher than expected among 

fall patients through our follow-up, and the impact upon the mortality of fall patients was 

profound: only 63 out of 100 older adults with falls, who were expected to be alive at 

13.5 years after discharge, were actually alive. 

VI. Strengths and Limitations 

This study has several strengths in answering the unresolved question regarding 

the impact of injury upon long-term mortality of older adults after discharge from acute 

care centers. Firstly, this study provided estimates of SMRs and RSRs, both of which 

help understanding the impact of the acute injury by bringing in different insights. . 

Secondly, this study applied period survival analysis to yield the more up-to-date long-
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term mortality statistics during 1995-2008 and was able to demonstrate no significant 

changes in survival during the study period, which would be impossible to estimate with 

traditional cohort analysis. Thirdly, because of the very long duration of follow-up, this 

study has particular strength in investigating the extent of the injury impact, through 

comparison between injured to un-injured older adults. Most earlier studies were limited 

by follow-up within 5 years of discharge, my study was able to provide RSRs over 10 

years after discharge. 

 This study has its limitations, too. Injured older adults were compared to the 

general older adult population matched on age, sex, race, and calendar year. Nevertheless, 

PMCs at the time of the injury were not controlled for during the comparison, as the 

population mortality data are not PMC-specific. Therefore, the impact of injury may be 

under-estimated if injured older adults had fewer or less severe PMCs than those of the 

general older adults. Or, the impact of injury may be over-estimated if injured older 

adults were sicker and had more PMCs. However, the yearly prevalence of PMCs for 

injured older men and women were found to be comparable to the national level. For 

example, in 2009-2010, the percentages of older men in the US with hypertension, 

diabetes, stroke are reported to be 54%, 24%, and 9%, respectively, which are 

comparable to the percentages of 56%, 17%, 7% among injured older men (See 

appendices 13 and 14). The corresponding percentages for older women in the US are 

57%, 18%, and 8%107, compared to 61%, 14%, and 8% for injured older women.  In 

addition, a big increase in the prevalence of diabetes in the US is reported between 1997 

and 2010, from 13 percent to nearly 21 percent,107 which is also found among the injured 

older adults. Overall, I believe injured older adults included in this study are comparable 
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to the general older adults in the US and those in MD in the prevalence of PMCs, and the 

estimated SMRs and RSRs are unlikely to be biased. 

In addition, injured older adults included in this study were a small fraction of the 

general population and contributed to the population mortality data. However, because of 

the very small number of injured older adults compared to the general older adult 

population in Maryland, it is very unlikely that being a part of the comparison population 

would affect or invalidate the estimates. If it does result in biased estimates, it will yield 

estimates toward the null and we can expect stronger effect than what is estimated. 

 Information bias is also possible in this study. Deaths are determined by death 

certificate information, and the accuracy of mortality outcomes solely rely on 

ascertainment of deaths and the quality of date of death information contained in the 

death certificates. The method that was used to ascertain deaths for this study, using 

social security number, name, and date of birth, has been reported with very high 

sensitivity in ascertaining deaths.108, 109. Although in this study there was about 6% 

unlinked in-hospital deaths, these patients had incomplete information on the key-

identifiers in the TR. Therefore, under-estimated number of deaths is possible, which can 

result in under-estimated SMR but over-estimated RSRs.  

 Limited generalization is another limitation of this study. Older adults of falls and 

MVCs included in this study all came from the same specialized regional trauma center, 

where patients of minor or isolated injuries were not included. Therefore, the injured 

older adults included in this study may not be representative of all injuries, including 

other mechanisms, or of injuries occurring at other trauma centers in the country. 
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Likewise, their survival and the impact of injury upon their survival may not be 

representative of injured older adults in general. 

 This study provides evidence that the observed mortality rate among discharged 

older adults was significantly higher than expected. Even 5-10 years after discharge, 

injured older adults a mortality rate that was 1.4 times the expected rate. In addition, this 

study suggests that the injury impact upon mortality lasts for at least 10 years after 

discharge. By the end of 10th year of follow-up, less than 75% of injured older adults 

who were expected to be alive were actually alive. This provides evidence of geriatric 

trauma as an important public health issue.  
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Chapter 7: Conclusions 

I. Overview of Study  

 There has been an increasing awareness of geriatric trauma as the population in 

the United States continues to age.1-3 Older adults, with high prevalence of chronic 

conditions, often experience declining functions and abilities, which may hinder the 

recovery process after injury. Although some studies have explored the associations of 

pre-existing medical conditions with injury outcomes, there are a limited number of 

studies that specifically address injured older adults in the US. In addition, little is known 

regarding the specific associations of individual PMCs with injury outcomes and whether 

the strength of association might vary for different outcomes. Similarly, mechanism of 

injury (MOI) has been rarely examined among injured older adults. Although studies 

have suggested MOI is an important determinant of mortality in younger trauma 

patients,26,85 its associations with injury outcomes among older adults remains largely 

unknown. Unlike the well-described high mortality rates of geriatric trauma patients at 

acute care centers, there is limited information regarding mortality after their discharge. 

Most important of all, it is unclear whether and how much long-term mortality after 

discharge is affected by the injury event. 

To better understand the roles of PMCs and mechanism of injury in geriatric 

trauma, this study aimed to examine the associations of PMCs and mechanism of injury 

with both short- and long-term outcomes of injured older adults. In addition, this study 

estimated relative survival ratios and standardized mortality ratios to assess the injury 

impact upon long-term mortality. 
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II. Summary of Findings  

 As reported in Chapter 4, the associations of PMCs with injury outcomes among 

injured older adults varied by individual PMCs.  Except diabetes and stroke, the other 

PMCs were associated with increased odds of one ore more in-hospital complications, 

with adjusted ORs ranging from 1.1 to 2.2. However, COPD stands out f as a risk factor 

for a greater number of complications (cumulative OR=1.5, 95% CI: 1.0-2.2), including 

respiratory, infectious, and vascular complications. As for the outcome of acute deaths, 

many of the investigated PMCs showed no association with deaths within 30 days of 

injury admission. Surprisingly, though, hypertension was associated with lower odds of 

30-day mortality (OR=0.7, 95% CI: 0.6-0.8). COPD significantly increased the odds of 

30-day mortality (OR=1.6, 95% CI: 1.1-2.3). After discharge from the STC, older adults 

with a PMC had higher hazard of death compared to those without the PMC, with hazard 

ratios ranging from 1.1 (95% CI: 1.0-1.3) for myocardial infarction to 1.7 (95% CI: 1.5-

2.1) for COPD. However, the hazard of death after discharge did not differ by 

hypertension presence at the time of admission. Respiratory complications mediated the 

effect of COPD on 30-day mortality by 10%.  

 Chapter Five reported the associations of mechanism of injury with both short-

term and long-term outcomes of injury among older adults. Compared to older adults 

sustaining fall injuries, those sustaining MVC injuries had significantly higher odds of 

developing in-hospital complications, with adjusted ORs ranging from 1.3 (95% CI: 1.1-

1.5) to 2.2 for renal failure (95% CI: 1.5-3.1).  Older adults with MVC injuries had lower 

odds of 30-day mortality (OR=0.8, 95% CI: 0.6-0.9) and a lower hazard of death after 

discharge (HR=0.6, 95% CI: 0.6-0.7).  These findings supports routine inclusion of MOI 
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in the outcome studies and highlights the need to identify the underlying causes of 

different outcomes of older adults injured in falls or MVCs.  

Chapter Six found evidence for strong impact of injury upon long-term mortality 

of older adults. In the first year after discharge, the observed mortality rate among 

discharged older adults was 3.2 times the expected (SMR=3.2, 95% CI: 3.01-3.45). Even 

5-10 years after discharge, injured older adults had a mortality rate that was 1.4 times the 

expected rate. The results confirmed that the mortality burden related to the acute injury 

is not limited to the acute care period, which is most evident during the first 6 months 

after discharge and lasts for at least 10 years after discharge. 

III. Significance 

With a clear focus on trauma among older adults, this study has yielded 

significant findings on outcomes of injured older adults. Firstly, the PMCs investigated in 

this study were selected based on both high prevalence and clinical relevance among 

injured older adults. Patients with these PMCs can be identified, early in the treatment 

process, as high risk groups for developing in-hospital complications or acute injury 

deaths. This early identification can facilitate the risk evaluation process at the time of 

injury admission without burdening trauma care professionals with the need of enquiring 

as to every possible chronic condition.  

Secondly, analysis of mechanism of injury revealed that older adults with fall 

injuries were more likely to die both immediately after the injury and after discharge than 

patients with MVC injuries, although they were less likely to develop in-hospital 

complications. This information is important as it highlights the potential opportunity for 
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clinical trauma care improvement as well as the need of post-discharge care for fall 

injuries.  

Thirdly, this study approached an important question on the interrelationships 

among PMCs, complications, and short–term mortality through mediation analysis. This 

yielded original information on the causal pathway between specific PMCs and short-

term mortality, and provided insight on the underlying mechanism to help targeting in-

hospital complications during trauma care.  Despite the recognized importance of 

precaution of complications and the evident mortality burden of geriatric trauma, there 

has been very limited evidence on which PMCs should be considered in the prevention 

and intervention strategies. The current findings provide evidence for using information 

on PMCs to target high-risk groups for specific outcomes. For example, patients with 

CHF can be closely monitored for cardiac complications, as they have a higher risk of 

developing cardiac complications compared to those without CHF. In addition, these 

results also provide guidance for future studies on outcome evaluation in selecting 

relevant PMCs for analysis and comparison. 

Fourthly, this study also provided support for geriatric trauma as a public health 

issue. Unlike most other studies, which limited analysis to in-hospital outcomes, this 

study followed patients from the admission for as long as 13.5 years after discharge, and 

obtained a more complete understanding of mortality after injury. Most importantly, this 

study filled the gap in the existing knowledge by contributing information on the impact 

of injury upon survival after the immediate post-injury period among older adults. It 

provided information regarding the duration of the impact upon long-term mortality, 

through comparison between the injured and un-injured older adults. Higher-than-
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expected mortality rates were observed even 10 years after discharge, and more than 25% 

of older adults who were expected to be alive by 10 years after discharge had died. With 

this finding, public health professionals will have a better understanding of the mortality 

burden related to geriatric trauma and may be in a better position to design policies and 

allocate health care resources to improve the outcomes of geriatric trauma. 

IV. Strengths 

This study was designed to target geriatric trauma population. By following 

geriatric patients for years after discharge, this study allowed for investigation of not only 

short-term outcomes but also long-term mortality. In particular, over 13 years of follow-

up made it possible to estimate the impact of injury upon long-term mortality, which had 

been hardly investigated prior to this study. Secondly, patients in this study were included 

from the STC, which ensured that a large enough sample size could be obtained to detect 

any clinically important associations even when the difference was small. Thirdly, this 

study employed methods which have been rarely applied in the geriatric population, 

therefore allowing for insight which otherwise would be impossible. Mediation analysis 

revealed that some in-hospital complications did mediate the associations between PMCs 

and 30-day mortality. In addition, the method of relative survival analysis allowed for the 

estimation of the impact of injury, and the results supported the hypothesis for lasting 

effect of injury upon survival beyond acute care period. Period analysis, in addition to 

traditional cohort analysis, was applied to estimate the most up-to-date long-term 

mortality rates. Although this study found no indication for significant changes in the 

relative survival ratios through the years, there would be no way to know this if period 

analysis had not been performed.  
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V. Limitations 

 This study has several limitations. The outcomes of in-hospital complications 

categories are heterogeneous. This study does not differentiate individual complications 

under a category and cannot provide estimates for individual complications. Generally, 

low ORs and HRs were found in this study, suggesting the residual confounding may 

explain observed associations. 

There is no information regarding the duration of and the seriousness of PMCs or 

the treatment and management of these PMCs. There is no information on individual’s 

pre-injury functional status or ability to perform daily activities, or the status, duration, 

and the treatment of PMCs at the time of admission, which were reported to predict 

survival and healthcare utilization in acute care settings.111, 112 Similarly, injured older 

adults were followed through death certificates queries. Thus, information regarding post-

discharge host factors that might affect long-term mortality is not available, such as 

rehabilitation after discharge, ongoing health behaviors, recurrent non-fatal injuries, and 

diseases progression. The lack of above information results in limited control of 

confounding.  

 Information bias is also possible in this study. Accuracy of defining PMCs and 

identification of complications fully relies on the completeness of information in the 

charts and accuracy coding by the coder. Under-reporting and misclassification of PMCs 

or complications is possible. Comparing the PMC prevalence by discharge status to the 

national level as discussed in Chapter 4, differential misclassification of hypertension and 

diabetes may be possible in the analysis of 30-day mortality, and the corresponding ORs 

for 30-day mortality may be biased towards the null. In this study, deaths were 
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determined by death certificate information, and the accuracy of mortality outcomes 

solely relies on the ascertainment of deaths and the quality of date of death information 

contained in death certificates. The method that was used to ascertain deaths for this 

study, using social security number, name, and date of birth, has been reported with very 

high sensitivity in ascertaining deaths.108, 109. Although in this study there were 49 (6%) 

unlinked deaths out of 784 in-hospital deaths, these unlinked deaths were found to have 

incomplete information of key-identifiers in the TR, such as name, date of birth, and 

social security number to allow for the linkage. Therefore, differential misclassification 

of deaths is unlikely. Yet, under-estimated number of deaths after discharge is expected, 

and over-estimated RSRs and under-estimated SMRs are possible.  

 Limited generalization is another limitation of this study. The trauma patients 

with falls and MVCs included in this study all came from the same specialized regional 

trauma center, where patients of minor or isolated injuries were not included. Therefore, 

the geriatric trauma population included in this study may not be representative of all 

injuries, including other mechanisms, or of injuries occurring at other trauma centers in 

the country. Similarly, estimated mediated effects by complications apply to the geriatric 

trauma population in this particular trauma center only. The mediated effects would 

change if any of the associations among PMCs, complications, and 30-day mortality 

changes. For example, in a trauma center where care to treat complication is optimal, the 

mediated effects through complication will be much smaller than that among a trauma 

center where complications are neither well prevented nor treated. Therefore, the results 

regarding mediated effects in this study cannot be generalized to other trauma centers, 

although the same analysis method can be applied to other centers. 
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 This study provides evidence for disease- and outcome-specific associations 

between PMCs and outcomes of injured older adults. Older adults with fall injuries were 

a high-risk group for both acute injury deaths and deaths after discharge, compared to 

older adults with MVC injuries, although the former were less likely to develop in-

hospital complications than the latter. The impact of injury on long-term mortality was 

most evident during the first 6 months after discharge but presented as long as 10 years.  

 



	  

116	  

	  

Appendix 1. Population mortality table for Maryland: White females, 65-74 years of age, 
1995-2008*	  

Year Deaths Population Crude Rate 
(per 100,000) 

1995 2936 147226 1994.2 
1996 2837 144658 1961.2 
1997 2677 141717 1889.0 
1998 2735 138835 1970.0 
1999 2608 135178 1929.3 
2000 2534 133169 1902.8 
2001 2508 131327 1909.7 
2002 2413 129631 1861.4 
2003 2390 128413 1861.2 
2004 2191 127861 1713.6 
2005 2143 127409 1682.0 
2006 2084 127962 1628.6 
2007 2045 131014 1560.9 
2008 2072 136604 1516.8 

*Similar tables are used for other race, sex, age groups. 
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Appendix 2. List of pre-existing conditions recorded in the Trauma Registry 
Category Individual Disease 

Cardiac Disease Acute myocardial infarction ( < 12 
mo.)* 

 Myocardial infarction ( > 12 mo.)* 

 Congestive heart failure* 

 Cardiac valve diseases 

 Cardiac dysrhythmia 

 Angina 
  Other cardiac disease 
Endocrine Disease Diabetes, insulin dependent 
  Diabetes, non-insulin dependent* 
GI Disease Colitis 

 Diverticulitis 
  Peptic ulcer 
GYN Pregnancy, 1st trimester 

 Pregnancy, 2nd trimester 
  Pregnancy, 3rd trimester 
HIV AIDS 
  HIV-positive 
Hematologic 
Disease 

Coagulation defects 
congenital coagulopathy 

Immunosuppression Immunosuppression therapy 
Liver Disease Cirrhosis 

 
Hepatitis, unspecified 
Liver failure 

 Portal hypertension 
  Other liver disease  
Malignancy Leukemia 

 Lymphomas 

 Metastatic cancer 

 Multiple myeloma 
  Other Malignancy 

*Disease categories considered as Pre-existing medical conditions in this study. 
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Appendix 2(Continued). List of pre-existing conditions recorded in the Trauma Registry  
Category Individual Disease 
Neurological 
Disease Alzheimer's disease 

 Depression* 

 Parkinson's disease 

 Seizure disorder 

 Schizophrenia 

 Bipolar affective disorder 
  Other Neurologic Disease 
Obesity Obesity 
Renal Disease Acute renal failure - dialysis dependent 

 
Acute renal failure - non-dialysis 
dependent 

 
Chronic renal failure - dialysis 
dependent 

  Chronic renal failure - non-dialysis 
dependent 

Respiratory 
Disease Asthma, not on bronchodilator 

 Asthma, on bronchodilator 

 
Chronic obstructive pulmonary 
disease* 

  Other Respiratory Disease 
Thyroid Disease Hyperthyroidism 
  Hypothyroidism 
Vascular Disease CVA* 

 Hypertension* 

 Deep vein thrombosis 

 Other vascular disease 

 
Peripheral vascular disease / chronic 
ischemia 

 Pulmonary embolism 

 Pulmonary embolism 
*Disease categories considered as Pre-existing medical 
conditions in this study. 
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Appendix 3. ICD-9 codes used to define pre-existing medical conditions 
Individual Disease ICD-9 Code 
Congestive heart failure 428.0 
Myocardial infarction 410.9, 412 
Stroke 436 
Hypertension 401.9 
Chronic obstructive pulmonary disease 496 
Diabetes 250.00 
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Appendix 4. Example of mechanism of injury recorded in the Trauma Registry  
ICD9 MOI 
E812.0 Other MV involving collision with MV injuring - driver of motor vehicle (Parked or stalled car) 
E816.0 MVA due to loss of control, without collision on the highway, injuring - driver of motor vehicle 
E965.0 Assault by - handgun 
E812.1 Other MV involving collision with MV injuring - passenger in motor vehicle (Parked or stalled 

car) 
E815.0 Other MVA involving collision on the highway injuring - driver of motor vehicle (Car into traffic 

sign, divider, guard rail, wall) 
E966.0 Assault by cutting and piercing instrument 
E814.7 MVA involving collision with pedestrian injuring - pedestrian (Pedestrian struck) 
E880.9 Accidental fall on or from - other stairs or steps 
E960.0 Unarmed fight or brawl 
E968.2 Assault by - striking by blunt or thrown object 
E812.2 Other MV involving collision with MV injuring - motorcyclist (Parked or stalled car) 
E884.9 Other accidental fall from - one level to another (haystack, stationary vehicle or tree) 
E816.1 MVA due to loss of control, without collision on the highway, injuring - passenger in motor 

vehicle 
E881.0 Accidental fall from - ladder 
E816.2 MVA due to loss of control, without collision on the highway, injuring - motorcyclist 
E888.9 Other and unspecified fall: unspecified fall 
E888.8 Other and unspecified fall: other fall 
E882.0 Accidental fall from or out of building or other structure 
E888.0 Other and unspecified accidental fall: sticking sharp object 
E815.1 Other MVA involving collision on the highway injuring - passenger in motor vehicle (Car into 

traffic sign, divider, guard rail, wall) 
E885.9 Fall from same level from slipping, tripping, stumbling 
E916.0 Struck accidentally by falling object (Rock, tree, building) 
E815.2 Other MVA involving collision on the highway injuring - motorcyclist (Car into traffic sign, 

divider, guard rail, wall) 
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Appendix 5. ICD-9 codes used to define in-hospital complications  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Complications grouping Individual Complications (ICD-9-CM) 
Cardiac  Arrhythmia (427.9) 

Cardiac arrest (427.5) 
Cardiogenic Shock (785.51) 
Myocardial infarction (410.9) 
Congestive heart failure (428.0) 
Pericardial effusion/Tamponade (423.9) 
Other cardiovascular complications (997.1) 

Respiratory Acute respiratory distress syndrome (518.5) 
Aspiration (507.0) 
Pleural effusion (511.9) 
Pulmonary edema (518.4) 
Pneumothorax  (512.8, 512.0) 
Respiratory failure for trauma/medicals 
(518.81,518.82) 
Other respiratory 

Infectious Urinary tract infection (599.0) 
Sepsis/shock (785.59) 
Bacteremia (790.7) 
Cellulitis (682.0-682.9) 
Sinusitis (461, 473) 

Hematologic Coagulopathy (286.9) 
Thrombocytopenia (287.4) 
Other Hematologic (289.9) 

Vascular Deep venous thrombosis (453.8) 
Pulmonary embolus (415.1) 
Stroke (434.91, 434.9) 
Artery hemorrhage (440-449) 
Other vascular 

Pneumonia 
 

480.0-480.3, 481, 482.0-.2, 482.30-32, 482.39, 
482.40, 482.41, 482.49, 482.81-482.89, 482.9, 483.0, 
483.1, 483.8, 484.1, 484.8, 485, 486 

Acute renal failure 584.9 
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Appendix 6. Path diagram and equations for the mediating effect of complications 

 

As shown in the above figure, Model A in part A will provide an overall relationship 
between a specific PMC and 30-day mortality not controlling for in-hospital 
complications, with c being the coefficient estimates for the variable of PMC. c′ in model 
B is also the parameter relating PMC to 30-day mortality, but adjusted for complications 
(Part B). b is the parameter relating complications to 30-day mortality adjusted for the 
PMC. a is the parameter relating PMC to complications in Model C. Finally, e1- e3 
represent error variability and i1- i3 for intercepts for the 3 models. For all the 3 models 
in Figure 4, all other relevant confounders are not listed to keep the models brief.  

Standardization of coefficients is obtained by dividing the regression coefficients by 
the standard error of the model. That is, a and b are divided by the standard errors of 
model C and model B, respectively. The standardized a and b, std(a) and std(b), are then 
multiplied to provide an estimate of the mediated effect.  

Individual	  PMC 
(Yes	  vs.	  No) 

30D	  Mortality 
(Yes	  vs.	  No) 

30D	  Mortality	  =	  I2	  +	  c’*	  PMC+	  b	  *	  Complications	  +	  e2	  	  (Model	  B) 
Complications	  =	  I3	  +	  a*	  PMC	  +	  e3	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Model	  C) 
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Type-‐specific	  
Complications 
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C’ 

a b 

e3 
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e1 
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Appendix 7. Follow-up years during 1995-2008 using period analysis 

Discharge Year 

Follow-up Year 

95 96 97 98 99 00 01 02 03 04 05 06 07 08 
95 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
96  1 2 3 4 5 6 7 8 9 10 11 12 13 
97   1 2 3 4 5 6 7 8 9 10 11 12 
98    1 2 3 4 5 6 7 8 9 10 11 
99     1 2 3 4 5 6 7 8 9 10 
00      1 2 3 4 5 6 7 8 9 
01       1 2 3 4 5 6 7 8 
02        1 2 3 4 5 6 7 
03         1 2 3 4 5 6 
04          1 2 3 4 5 
05           1 2 3 4 
06            1 2 3 
07             1 2 
08                           1 

 
*The area shaded with horizontal lines indicates the first interval of 1995-1998, vertical lines for the second 
interval of 1999-2003, and un-shaded area for the third interval of 2004-2008. 
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Appendix 9. Odds ratios (95% CI) for the association of PMCs with 30-day mortality 
among older adults admitted to the Shock Trauma Center, 1995-2008, excluding non-
survivable injuries (N=5, 851) *  

PMCs 
OR (95% CI) 

Crude Adjusted 
Hypertension 0.7 (0.6,0.8)  0.7 (0.6, 0.8) 
Diabetes 0.7 (0.5,0.9) 0.9 (0.7, 1.2) 
Stroke 1.4 (1.1,1.8) 1.2 (0.9, 1.6) 
Myocardial infarction 1.1 (0.8,1.4) 0.9 (0.7, 1.3) 
Congestive heart failure 1.5 (1.2, 2.0) 1.3 (0.9, 1.7) 
COPD 1.5 (1.1, 2.1) 1.6 (1.1, 2.3) 

*Adjusted odds ratios are obtained from logistic regression models controlling for 
demographic and injury factors.  
Note: PMCs, pre-existing medical conditions; COPD, chronic obstructive pulmonary 
disease. 
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Appendix 10. Prevalence (95% CI) of pre-existing medical conditions among older adults 
admitted to the Shock Trauma Center, 2000-2008, by discharge status 

PMCs 

Discharge status 

Died in-hospital 

(N=457) 

Discharged alive 

(N=3,346) 

   Hypertension  0.40 (0.36, 0.45) 0.56 (0.54, 0.57) 

   Diabetes  0.12(0.09, 0.15) 0.17 (0.15, 0.18) 

   Stroke  0.09 (0.07, 0.12) 0.07 (0.06, 0.08) 

   Myocardial infarction  0.07 (0.05, 0.10) 0.07 (0.06, 0.08) 

   CHF  0.07 (0.04, 0.09) 0.06 (0.05, 0.06) 

   COPD  0.06 (0.04, 0.09) 0.04 (0.03, 0.05) 
Note: CHF, congestive heart failure; COPD, chronic obstructive pulmonary 
disease. 
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Appendix 11. Standardized mortality ratio (95% CI) for all-cause deaths of discharged 
geriatric trauma patients during 1995-2008, by calendar-year period* 

 Time Period 
Follow-up 
(Years) 

1995-1998 
(N=1172) 

1999-2003 
(N=3147) 

2004-2008 
(N=4247) 

     0.5 4.3(3.6, 5.1) 4.5(4.0, 5.1) 4.5(3.9, 5.1) 
     1.0 3.0(2.6, 3.6) 3.4(3.0, 3.7) 3.2(2.8, 3.6) 
     2.0 2.4(2.1, 2.8) 2.6(2.4, 2.8) 2.4(2.2, 2.6) 
     5.0 2.2(1.9, 2.5) 1.9(1.8, 2.1) 1.9(1.8, 2.1) 
     10.0 -- 1.8(1.7, 2.0) 1.7(1.6, 1.8) 
     13.5 -- -- 1.6(1.5, 1.7) 
*N is the total number of individuals contributed to follow-up in that specific 
period. 

            --Not estimated because there was no follow-up information. 
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Appendix 12. Relative survival ratios (%) of discharged geriatric trauma patients, by 
calendar-year period* 

 Time Period  
Follow-up 
(Years) 

1995-1998 
(N=1,172) 

1999-2003 
(N=3,147) 

2004-2008 
(N=4,247)  

     0.5 91.2(89.1, 93.1) 90.2(88.6, 91.5) 91.7(90.3, 93.1)  
     1.0 90.3(87.8, 92.5) 87.7(85.9, 89.3) 90.4(88.7, 91.9)  
     2.0 88.8(85.5, 91.7) 84.5(82.3, 86.5) 88.4(86.3, 90.3)  
     5.0 -- 80.4(77.4, 83.3) 81.0(78.1, 83.7)  
     10.0 -- -- 72.3(68.4, 76.2)  
     13.5 -- -- 75.4(68.9, 82.0)  
*N is the total number of individuals contributed to follow-up in that specific 
period. 
--Not estimated because there was no follow-up information. 
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