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Abstract

Objective—Each year in the United States 1.5–2.5 million individuals are so severely injured 

that they require hospitalization. Multiple psychiatric, substance use, and chronic medical 

disorders are endemic among injury survivors with and without traumatic brain injury, yet few 

investigations have assessed the association between the cumulative burden of these conditions 

and healthcare outcomes. The investigation aimed to assess the associations between comorbid 

psychiatric disorders, alcohol and drug use disorders, medical disorders, traumatic brain injury, 

and violent and suicide related index injury hospitalizations, and subsequent post-injury outcomes 

that included recurrent hospitalization and death.

Method—Recurrent hospitalization and all-cause mortality were examined in this population-

based retrospective cohort study. A total of 76,942 patients hospitalized in Washington State 

during 2006–2007 were followed for five years. ICD-9-CM codes were used to identify conditions 

prior to or at the index admission; E-Codes were used to identify firearm, assaultive violence, and 

suicide/overdose index injury hospitalization mechanisms.

Results—Adjusted regression analyses demonstrated a significant, “dose-response” relationship 

between an increasing cumulative burden of disorders and an increasing risk of recurrent 

hospitalization (≥ 4 conditions, Relative Risk =3.89, 95% Confidence Interval (CI) =3.66–4.14). 

Adjusted Cox proportional hazard regression demonstrated a similar relationship between 

increasing cumulative burden of disorders and all-cause mortality (≥ 4 conditions, Hazard Ratio 

=5.33, 95% CI =4.71–6.04).

Conclusions—Increasing cumulative burden of disorders was associated with greater post-

injury risk of recurrent hospitalization and death. Orchestrated investigative and policy efforts 

could introduce screening and intervention procedures that target this spectrum of comorbidity.

INTRODUCTION

Injury constitutes a major public health problem for United States (US) civilian and veteran 

patient populations (1). Each year, approximately 30 million Americans are seen in 

emergency departments after injury and approximately 1.5–2.5 million patients require 

hospitalization (2). Injury is a leading cause of death for individuals under the age of 45 and 
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accounts for 12% of medical expenditures in the US (2). Globally, injury accounts for 

approximately 16% of the world’s burden of disease (3, 4).

Initial studies in trauma-exposed veteran patients have documented an association between 

increasing cumulative burden of disorders and poorer health outcomes including increased 

health service use and mortality (5–7). These investigations have identified a comorbidity 

cluster that includes traumatic brain injury, psychiatric and substance use disorders, 

suicidality, and chronic medical disorders.

Prior studies suggest that acutely injured civilian trauma survivors may carry a substantial 

burden of psychiatric, substance use, and medical disorders, as well as injury related 

comorbidities. A series of US prospective cohort investigations suggest that between 20–

40% of physically injured trauma survivors may go on to develop symptoms consistent with 

posttraumatic stress disorder (PTSD) and/or depression after hospitalization for injury (8, 9). 

Posttraumatic stress and depressive symptom levels appear to contribute to poorer post-

injury outcomes (10). Substance use disorders are also endemic among hospitalized trauma 

survivors (11). A series of other investigations suggest that suicide attempts and violence, 

including firearm related and other assaultive injuries, frequently occur in patients 

presenting to US acute care medical emergency department and trauma center settings (12, 

13). Patients who incur traumatic brain injury may be particularly vulnerable to recurrent 

violent trauma, suicidal ideation, and death (14). Initial studies suggest that pre-existing 

chronic medical disorders may also occur frequently among hospitalized injury trauma 

survivors (15).

Approximately 30 years ago, a single small-scale investigation documented an increased risk 

of mortality among civilian injury survivors in Detroit, suggesting that traumatic injury and 

its sequelae could be considered a “chronic recurrent disease” (16). The reasons that injury 

may be recurrent are complex and likely influenced by the constellation of comorbid 

psychiatric, substance abuse, and medical conditions, as well as lifestyle behaviors reflected 

in the mechanism of the index injury, such as assault or other violence related causes (5, 6, 

17–19). However, few population-based investigations have assessed the association 

between the full spectrum of psychiatric, substance use, and medical disorders and the risk 

for poor health outcomes.

The current population-based retrospective cohort study first aimed to examine the 

frequencies of a comorbidity constellation that included psychiatric disorders, alcohol and 

drug use disorders, and chronic medical disorders, as well as violent, suicidal, and traumatic 

brain injury related hospitalizations among injury survivors. The investigation also aimed to 

assess the associations between these comorbidities present at the time of an index injury 

hospitalization and subsequent post-injury outcomes that included recurrent hospitalization 

and death. The investigation hypothesized that a greater cumulative burden of disorders 

would be associated with an increased risk of recurrent hospitalizations and all-cause 

mortality.
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METHODS

Design, Setting and Participants

The investigation was a population-based retrospective cohort study of all Washington State 

residents hospitalized for injury admission during the index period of 2006–2007. All study 

procedures were approved by the Washington State Institutional Review Board; approval 

included a waiver of patient informed consent for this secondary analysis of de-identified 

data. Injured patients included in the cohort were identified through the Washington State 

Comprehensive Abstract Reporting System (CHARS) that aggregates all hospital inpatient 

and discharge information for the population of Washington State.

The independent variables for the study included psychiatric disorders, alcohol and drug use 

disorders and medical disorders present at the time of the index injury hospitalization. 

Additional independent variables examined included an index injury admission associated 

with a violent or suicide injury event and an index injury event associated with a traumatic 

brain injury. The study outcomes/dependent variables were any re-hospitalization or death 

occurring after the index injury admission. The specific methods used to identify 

independent and dependent variables as well as study covariates are described below.

Psychiatric, Alcohol and Drug Use, and Medical Disorders

Psychiatric and alcohol and drug use disorders were identified by review of International 
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes contained 

within the medical record for the index admission and any other Washington State hospital 

admissions in the five years prior to the index injury (Appendix 1). Medical disorders were 

also derived from CHARS ICD-9-CM codes; definitions and ICD-9-CM codes for each of 

these conditions are shown in Appendix 1.

Injury Type and Severity

All inpatient hospital records for the index admission were reviewed for ICD-9-CM codes 

indicative of traumatic injury (Appendix 1). Severity of injury by body region, including 

traumatic brain injury, was coded using the Abbreviated Injury Scale in order to determine 

the Maximum Abbreviated Injury Scale injury score and Injury Severity Score (20). 

Firearm, assaultive violence, suicide, and other overdose related index hospital admissions 

were identified through injury E-codes recorded in the CHARS database.

Covariates

The Washington State CHARS database contains information on patient age, sex, insurance 

payor status, the county of hospitalization, and the year/season of discharge. These variables 

were used as covariates in adjusted regression models. Race is not a variable included in the 

CHARS database.

Outcome Assessments

Hospital records for the cohort were reviewed for the five years before and after the index 

2006–2007 admission; the first hospitalization occurring for each individual during 2006–

2007 was identified as the index admission. The cohort was followed up until December 31, 
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2011 to identify recurrent hospitalization or death. Record linkage between CHARS and 

Washington State death records allowed for the assessment of both recurrent hospitalization 

and all-cause mortality outcomes. Probabilistic algorithms were used to link patient index 

hospitalization records with prior and subsequent hospitalization and death records data 

(21). The first two letters of the patient’s first name, the first two letters of the last name, 

date of birth, sex, and the first three digits of the zip code of residence were used as a 

subsequent set of identifiers to perform the linkage. The final database used for analyses was 

restricted to matches with an accuracy likelihood of at least 99% (21).

Statistical Analyses

The study first described the demographic, clinical, and injury characteristics of the cohort. 

Next, the medical record-documented frequencies of all independent variables were 

assessed. Frequencies of psychiatric disorders, alcohol and drug use disorders, chronic 

medical disorders, and traumatic brain injury diagnoses were ascertained for the index 

hospitalization and for all hospitalizations in the five years prior; patterns of comorbidity 

were also examined. The medical record-documented frequencies of firearm, assaultive 

violence, suicide, and overdose related admissions were assessed for the index 

hospitalization.

The main study hypothesis was that an increasing cumulative burden of disorders would be 

associated with an increased risk of recurrent hospitalization and all-cause mortality over the 

course of the five years after the index injury admission. A cumulative burden index was 

created that relied upon yes/no counts of discrete disorders. Conditions considered for the 

cumulative burden index were: one or more psychiatric disorders, one or more alcohol 

related disorders, one or more drug use disorders, one or more chronic medical disorders, 

traumatic brain injury, and an index hospitalization involving firearm or assaultive violence, 

suicide, or overdose. All disorders except traumatic brain injury demonstrated a significant 

association with poorer outcomes and were included in the index.

The study next examined the pattern of recurrent hospitalization and all-cause mortality over 

the course of the five years post-injury. Each disorder’s association to five year post-injury 

recurrent hospitalization and all-cause mortality outcomes were ascertained, adjusting for a 

single covariate: patient age.

Regression models were constructed to assess the adjusted associations between an 

increasing number of disorders and the health outcomes of recurrent hospitalization and all-

cause mortality. Age, gender, payor status, injury severity, discharge year/season, and county 

were adjusted for in all regression models. Generalized estimation equation models (22) 

with the negative binomial link were used to assess the adjusted association between the 

cumulative burden of disorders and recurrent injury hospitalization outcomes; the dependent 

variable for these models was an annually repeated measurement of the number of recurrent 

hospitalizations over the five year post-injury period. Cox proportional hazard models were 

used to assess the associations between cumulative disorder burden and all-cause mortality 

while adjusting for age, gender, payor status, injury severity, discharge year/season, and 

county.
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Sensitivity analyses assessed the impact of including 0, 1, and ≥2 disorders for each disorder 

(rather than dichotomized yes/no variables) on the pattern and strength of the observed 

associations with recurrent hospitalization and mortality outcomes. Sensitivity analyses also 

assessed the robustness of the observed associations between cumulative burden of disorders 

and increased risk of poorer outcome by adjusting for the impact of including any history of 

hospitalization before the index injury admission. In order to assess the impact of re-

hospitalizations possibly related to the initial injury admission, sensitivity analyses assessed 

the impact of including readmissions that occurred 30, 90, and 180 days after the initial 

index admission on the pattern and strength of observed associations with outcomes (21, 

23). Analyses were conducted using the SAS (Version 9.4, Cary, NC: SAS Institute; 2013) 

and STATA (STATA Version 13, College Station, TX: Stata Corp LP; 2013) software 

packages.

RESULTS

In the index period, there were 76,942 patients with an injury admission (Table 1). 

Approximately 79% of injured patients had one or more comorbid disorders (Table 2). 

Approximately 29% of participants had one or more psychiatric disorders (Table 2). 

Depression was the most frequently diagnosed psychiatric disorder (14.3%), followed by 

dementia (8.4%). The frequency of all other psychiatric disorders, including anxiety 

disorders (3.9%) and PTSD (2.4%), was less than 5% in the cohort. Twenty-five percent of 

patients were diagnosed with alcohol abuse/dependence, 2.0% with marijuana abuse/

dependence, 3.7% with stimulant abuse/dependence, and 2.6% with opiate abuse/

dependence. Sixty-two percent of patients had one or more chronic medical disorders. The 

most frequently diagnosed medical disorder was hypertension (33.7%), followed by 

ischemic heart disease (24.1%), pain related disorders (21.9%), pulmonary disorders 

(16.4%), diabetes (14.2%), cerebrovascular disease (7.2%), renal (5.6%), and liver disorders 

(5.1%). All other disorders were diagnosed in less than 5% of hospitalized injury survivors.

Psychiatric and substance use disorders frequently occurred as comorbid conditions. For 

example, 99% of patients with a drug use diagnosis (16,198/16,387) had one or more 

comorbid psychiatric, alcohol, or chronic medical disorders or traumatic brain injury. 

Similarly, 95% of patients with an alcohol use diagnosis (18,173/19,167) and 89% of 

patients with psychiatric diagnosis (19,691/22,062) had one or more comorbid disorders.

In age-adjusted analysis, all disorders except traumatic brain injury had a significantly 

increased risk of recurrent hospitalization and death (Table 2). After adjusting for age, 

patients with a greater cumulative burden of disorders demonstrated a pattern of greater risk 

of recurrent hospitalization and death over the course of the five years after hospital 

admission (Figure 1 and Figure 2).

In regression models that adjusted for age, gender, payor status, injury severity, county of 

hospital, and discharge year/season, a greater number of disorders was associated with an 

increased risk of recurrent hospitalization (Table 3). These associations manifested in a 

dose-response pattern such that the addition of a single disorder increased risk in an 

incremental graded manner. Cox proportional hazard models that adjusted for age, gender, 
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payor status, injury severity, county of hospital, and discharge year/season showed a similar 

dose-response pattern such that a greater number of disorders was associated with 

incremental increases in the risk of mortality (Table 3).

Sensitivity analyses that used 0, 1, and ≥2 coding of the disorders did not substantially alter 

the magnitude, pattern, or significance of the observed associations for recurrent 

hospitalizations or all-cause mortality. Similarly, analyses that varied the number of days 

assessed post index injury hospitalization (i.e., 30, 90, or 180 days) did not substantially 

alter the pattern or magnitude of the recurrent hospitalization outcome regressions. Finally, 

including prior hospitalizations in the regression models did not modify the dose-response 

pattern but did weaken the strength of the observed associations for recurrent hospitalization 

(≥4 conditions, RR = 2.31, 95% CI = 2.17–2.45) and all-cause mortality (≥4 conditions, HR 

= 3.90, 95% CI = 3.44–4.42).

DISCUSSION

The investigation corroborates and extends observations from prior studies and suggests that 

a broad profile of psychiatric, substance use and medical disorders, as well as violent and 

suicide related events, frequently occur in civilian injury survivors (9, 11, 15, 16). This 

investigation documents that psychiatric, alcohol and drug use disorders rarely occur in 

isolation after injury and in the majority of patients are comorbid.

This large scale population-based investigation also demonstrates the remarkable 

heterogeneity of psychiatric, substance use, and chronic medical diagnostic presentations 

after injury. A literature review reveals few large-scale investigations that document a broad 

spectrum of highly prevalent chronic medical disorders including hypertension, ischemic 

heart disease, pain related disorders, pulmonary disorders, diabetes, cerebrovascular disease, 

renal, and liver conditions. This heterogeneity is further complicated by the addition of 

violent and suicide/overdose hospital admission etiologies. Few prior investigations have 

considered combining these multiple heterogeneous disorders into a single comorbidity 

index for injured civilians.

This is the first population-based investigation in civilians to demonstrate a dose-response 

relationship between the cumulative burden of psychiatric, substance use, and medical 

disorders and poor health outcomes after injury hospitalization. The health outcomes 

assessed included recurrent hospitalization and all-cause mortality over the course of the five 

years after injury admission. Investigation in trauma-exposed veterans suggest a similar 

dose-response relationship between cumulative burden of psychiatric, substance use, and 

medical conditions as well as traumatic brain injury and poorer health outcomes including 

increased health service utilization and death (5, 6).

In the current investigation, traumatic brain injury did not contribute to poorer health 

outcomes after the index injury admission. Prior investigation documenting poorer health 

outcomes in survivors of traumatic brain injury have used general population or non-injured 

controls (5, 14). Future investigation could explore the possibility that in hospitalized 
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patients with multiple physical injuries, traumatic brain injury alone may not increase the 

risk of recurrent hospitalization or death.

This investigation has a number of important limitations. The study used a large 

administrative database to ascertain psychiatric diagnoses, alcohol and drug related 

diagnoses, and other injury and medical diagnoses. Assignment of diagnoses relied on 

diagnostic codes that frequently derived from assessments by acute care medical providers 

rather than expert diagnostic interviews. Additionally, information derived from outpatient 

visits is not included in the CHARS data. This may have impacted the accuracy of specific 

ICD-9-CM diagnostic categories in the investigation. Also, the administrative database did 

not contain a variable identifying patients racial or ethnic group status.

Approximately 10% of patients were missing ICD-9-CM codes related to injury severity. 

This may have resulted in underestimates of the number of patients diagnosed with 

traumatic brain injury in the investigation, and may explain why patients with traumatic 

brain injury did not demonstrate a consistent pattern of worsening outcomes in univariate 

and minimally adjusted analyses. In addition, the investigation did not account for 

individuals who were injured during the index period but were not residents of Washington 

State.

The investigation did not employ a pre-existing comorbidity index to assess injured patients’ 

risk for recurrent hospitalization and death. Although some of the conditions endemic 

among trauma survivors are captured by commonly employed and validated indices, 

multiple conditions including posttraumatic stress disorder, violence and suicide related 

hospital admissions, and traumatic brain injury are not (24). As with initial studies in 

returning veterans (5–7), the current approach aimed to include these conditions unique to 

injured civilians. Future investigation could productively explore the creation of comorbidity 

indices tailored to the unique constellation of conditions endemic to injured patients.

Finally, the investigation assessed longer term outcomes including recurrent hospitalization 

over a five year period; the current investigation did not focus intensively on 30-day 

readmission rates. Systematic investigation has begun of unplanned readmissions in general 

and trauma surgery, yet these investigations have tended to focus on short-term outcomes 

such as 30-day readmission rates (25, 26).

Beyond these considerations, this investigation has important implications for the detection 

and treatment of injured patients with comorbid psychiatric, substance use and chronic 

medical disorders, as well as violent and suicide related admissions. Prior investigations 

document shortcomings in the quality of post-injury psychiatric screening and service 

coordination (27). Commentary from the Centers for Disease Control and others suggests 

that screening and intervention procedures should be developed for the increasing number of 

Americans who suffer from multiple chronic conditions. The current investigation suggests 

that screening and intervention development could productively focus on multiple chronic 

disorders among injured trauma survivors (27, 28). Screening and intervention development 

could target both the prevention of the onset of new disorders (e.g., chronic PTSD in the 

Zatzick et al. Page 8

Psychiatr Serv. Author manuscript; available in PMC 2017 August 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



wake of an injury hospitalization) and the mitigation of the impact of injury hospitalization 

on pre-existing chronic conditions (e.g., hypertension, diabetes) (18).

CONCLUSIONS

Ultimately, population-based surveillance procedures that incorporate pragmatic trials of 

real-time, workflow-integrated screening and stepped care interventions targeting the full 

spectrum of posttraumatic comorbidity clusters could be developed and implemented. One 

recent investigation utilized automated electronic medical record ICD-9-CM code screening 

to recruit patients and found that approximately two-thirds of hospitalized injured patients 

had one or more chronic medical disorders (29). Future pragmatic trials could test broadly 

targeted automated screening algorithms and computerized decision support tool facilitated 

intervention strategies (28, 30). A series of investigations suggest that collaborative care 

intervention models may be optimal intervention strategies for targeting the multiple chronic 

disorders that afflict injured trauma survivors (27, 29). Collaborative care intervention 

models productively combine care management targeting injury and medical conditions with 

evidence-based interventions for psychiatric and substance use related comorbidity. 

Measurement-based stepped care procedures allow collaborative care teams to 

systematically target multiple disorders over the weeks and months post-injury. Orchestrated 

investigative and policy efforts could systematically introduce and evaluate screening and 

intervention that broadly target the full spectrum of comorbid disorders afflicting 

hospitalized injured patients at US trauma centers (31).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Cumulative disorders and incidence rate of recurrent hospitalizations over time (per 100 

person-years), Washington State, 2006–2007
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FIGURE 2. 
Cumulative disorders and all-cause mortality over time (age adjusted), Washington State, 

2006–2007
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TABLE 1

Patient demographic, injury, and clinical characteristics, Washington State, 2006–2007 (N = 76,942)

Characteristic N %a

Demographic

  Female 38,390 49.9

  Insurance

    Self-pay 6,158 8.0

    Public 42,628 55.4

    Private 28,156 36.6

Injury admission

  Injury severity category

    0–8 44,808 58.2

    9–15 17,473 22.7

    ≥ 16 6,711 8.7

    Missing 7,950 10.3

  Traumatic brain injury

    None 69,293 90.1

    Mild 2,011 2.6

    Moderate 1,482 1.9

    Severe 4,156 5.4

  Injury type

    Gunshot/assault 3,206 4.2

    Suicide/overdose 10,686 13.9

    Unintentional/undetermined 63,050 81.9

Prior hospitalizations 27,781 36.1

Age (M±SD)b 25.8±54.5

a
Percentages may not total 100 due to rounding

b
M, mean; SD, standard deviation
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TABLE 3

Impact of cumulative burden of disorders on recurrent hospitalizations and all-cause mortality, Washington 

State, 2006–2007

Recurrent Hospitalizationsb Mortalityc

Conditionsa Relative Risk 95% CId Hazard Ratio 95% CI

1 2.03 1.93–2.14 2.47 2.21–2.75

2 2.20 2.08–2.32 3.46 3.10–3.86

3 3.03 2.85–3.21 3.83 3.40–4.32

≥4 3.89 3.66–4.14 5.33 4.71–6.04

a
Cumulative disorders: alcohol, drug, psychiatric, medical, violent/suicide hospitalization

b
Regression results; reference group = no disorders

c
Cox Proportional Hazard Model Results; reference group = no disorders

d
CI, confidence interval

Results adjusted for age, gender, payor status, injury severity, discharge year/season, and county
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