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Abstract

Background—Injury can greatly impact patients’ long-term quality of life. Resilience refers to
an individual’s ability to positively adapt after facing stress or trauma. The objective of this study
was to examine the relationship between pre-injury resiliency scores and quality of life after
injury.

Methods—225 adults admitted with an injury severity score > 10 but without neurological injury
were included. The SF-36 was administered at the time of admission and repeated at 1, 2, 4 and 12
months after injury. The Connor-Davidson Resilience Scale was completed at admission and
scores were categorized into high resiliency or not high resiliency. Group based trajectory
modeling was used (GBTM) to identify distinct recovery trajectories for physical component
scores (PCS) and mental component scores (MCS) of the SF-36. Multinomial logistic regression
was used to determine whether baseline resiliency scores were predictive of PCS and MCS
recovery trajectories.

Results—Age, race, gender, mechanism of injury, Charlson Comorbidity Index, Injury Severity
Score, presence of hypotension on admission, and insurance status were not associated with High
Resiliency. Compared to those who made <$10,000 per year, those who made more than $50,000
per year had higher odds of being in the High Resilience group (OR 10.92, 95% CI 2.58-46.32).
Three PCS and 5 MCS trajectories were identified. There was no relationship between resilience
and PCS trajectory. However, patients with high resiliency scores were 85% less likely to belong
to trajectory 1, the trajectory that had the lowest mental health scores over the course of the study.
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Follow-up for the study was 93.8% for month 1, 82.7% for month 2, 69.4% for month 4 and
63.6% for month 12.

Conclusion—~Patient resiliency predicts quality of life after injury in regards to mental health
with over 25% of patients suffering poor mental health outcome trajectories. Efforts to teach
resiliency skills to injured patients could improve long-term mental health for injured patients.
Trauma centers are well positioned to carry out such interventions.

Level of Evidence—Level Il
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Post-traumatic growth; Resiliency; Quality of life after injury; Recovery after injury

BACKGROUND

Over the last half-century, the development of trauma centers and advances in the care of
injured patients has been associated with increased survivorship for the injured with an
estimated 63 million injury survivors in the United States every year (1,2). With such a large
number of injury survivors, there has been increased focus on long-term outcomes, including
quality of life. It has long been known that injured patients suffer an acute drop in quality of
life and functional ability for at least a year after injury (3,4). However, recent studies have
shown that the response to critical illness and injury in terms of mental and physical
recovery is not homogenous (5-7). Some patients have a near complete mental and physical
recovery. Others, however, suffer ongoing or recurrent issues during their recovery. Patients
who are resistant to the effects of injury or who are able to recover from devastating injuries
or experiences are said to follow resilient trajectories.

According to resilience theory (8), resiliency is the ability of a person who suffers
psychological or physical injury to withstand or overcome the negative effects of the injury
and to return to, at least, pre-injury baseline function or, possibly, improved function.
Importantly, resilience is not only associated with inherent personality traits, but it is also
associated with skills that can be learned (9). Because resilience is made up of learned skills,
identifying those with low resilience at the time of exposure to a traumatic event could allow
for resilience specific training in the expectation that patients could have improved long-
term outcomes. However, before designing interventions aimed at improving resilience, an
association between low resilience and poor outcomes needs to be established. Previous
studies indicate that resilience is associated with lower risk of post-traumatic stress disorder
among veterans, improved quality of life in patients with spinal cord and traumatic brain
injury, and less depression among survivors of violence (10-13). However, there are few
studies focused on moderately to severely injured patients without brain or spinal cord injury
who are treated at civilian trauma centers. Further, there is a paucity of data regarding the
use of commonly available resiliency scales among injury survivors without brain or spinal
cord injury. The purpose of this study was to examine the relationship between baseline
resiliency scores and overall quality of life after injury in patients without neurologic injury
who are treated at a civilian trauma center. Further, we sought to determine predictors of low
resilience in this cohort.
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METHODS

Data Source

This is a retrospective study of a previously performed prospective cohort study that
followed traumatically injured patients for 12 months after injury and is described elsewhere
(5). Briefly, patients ages 18 years or older who had an injury severity score greater than 10,
but without traumatic brain injury or spinal cord injury were eligible to enroll in the study.
The study took place at an urban, academic, Level | trauma center in Memphis, Tennessee.
Patients were enrolled from January 2009 — December 2011 and follow-up was completed in
December 2012. A baseline quality of life survey (SF-36) was administered shortly after
admission and repeated at 1, 2, 4 and 12 months after injury. Demographic and clinical
variables were collected on patient age, gender, race, insurance status, annual income,
comorbidities, injury severity, injury mechanism, and shock upon hospital arrival.

Primary Independent Variable

The primary independent variable of interest was resiliency, which was scored at baseline
using the Connor-Davidson Resilience Scale - 10 (14). The Connor-Davidson Resilience
Scale — 10 is based on the original scale proposed by Connor and Davidson in 2003 (14) and
uses 10 questions from the original scale. The shorter version is highly correlated with the
original scale and it is able to discriminate between those with low and high resilience (14).
The Connor-Davidson Resilience Scale — 10 has been validated in the general population
and has been used in populations that have suffered a traumatic event (15, 16). Mean scores
were 31.8 (Standard Deviation = 5.4) and population quartile scores were 29 for the 25th %,
32 for the 50th %, and 36 for the 75th % (14). Based on these data, resiliency scores were
classified into categories of high resiliency (scores 33—-40) and not high resiliency (scores
less than 32) for the analysis. Of the 500 patients recruited in the original study (5), the final
225 consecutive patients enrolled received the Connor Davidson Resiliency Scale — 10
during the index admission.

Outcome Variables

We used the Short Form (36) Health Survey (SF-36) to evaluate quality of life after injury,
which has been validated and widely used in the injured patient population. The SF-36
produces an 8-scale profile of health that can be used to calculate summary physical and
mental health composite scores. Both the physical and mental composite scores were used to
generate the outcome variables in the analysis. Due to the longitudinal study design, we used
12 month trajectories of mental and physical health as the outcome of interest. We
previously performed group-based trajectory analysis with two different outcome variables,
the SF-36 physical composite score (PCS) and the SF-36 mental composite score (MCS) (5).
The primary advantage of this type of analysis is that it is able to classify a longitudinal
outcome as distinct trends among subgroups of a heterogeneous population. Each study
participant was assigned to a single trajectory for each respective outcome through the use of
posterior probabilities. The model identified three physical health trajectory subgroups and 5
mental health trajectory subgroups (Figure 1).
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The objective of this study was to determine whether patient resiliency was associated with
courses of mental and physical health trajectories after traumatic injury. We examined
demographic and clinical characteristics between patients with high resiliency levels and not
high resiliency levels. Differences in the baseline characteristics were assessed using
Student’s t test for continuous variables and chi square tests for categorical variables.

Patient characteristics predictive of high resiliency were evaluated using multivariate logistic
regression. For this analysis, a binary resilience variable was used as the dependent variable.
We a prioriplanned to use a three level categorical variable for resilience. However, after
examining the distribution of the data we noted that there were to few patients in the lowest
resilience group. Therefore we decided to utilize a binary variable for this analysis. The
logistic regression model included variables on patient age, race, gender, Charleston
Comorbidity Index (CCI), individual annual income, mechanism of injury, injury severity
score, and hypotension.

Two multinomial regression models were used to determine whether patient resiliency was
predictive of physical and mental health trajectory over the 12 month period following
traumatic injury. In each of these models, the trajectory group with the highest physical and
mental health scores was used as the reference group. For the physical health trajectory
analysis, trajectory 3 was used as the reference group to which trajectories 1 and 2 were
compared. Trajectory 5 was used as the reference group for the mental health trajectory
analysis and comparisons were made with trajectories 1, 2, 3, and 4. The models adjusted for
patient age, race, gender, insurance status, Charleston Comorbidity Index (CCl), individual
annual income, mechanism of injury, injury severity score, and hypotension. Odds ratios and
95% confidence intervals are reported.

Four logistic regression models were used to examine whether resiliency predicted PTSD
and depression at 4 months and 12 months after injury. Each of these models controlled for
patient age, race, gender, insurance status, CCl, individual annual income, mechanism of
injury, ISS, hypotension, and PCS trajectory. Additionally, depression at 4 months and 12
months was adjusted for in the PTSD models at the respective time points. PTSD was also
adjusted for in the depression models. Odds ratios and 95% confidence intervals are
reported. SAS 9.4 (Cary, NC) was used for all analyses.

There were 225 patients who were enrolled in the prospective cohort following moderate to
severe non-neurologic injury who also had resilience scored at baseline using the Connor-
Davidson Resilience Scale — 10. The characteristics of the entire cohort are displayed in
Table 1. The patients were mostly 18-35 (53.3%), male (58.7%), non-minority (52.0%),
with very low income (49.8% with annual individual income below $10,000), and with
moderate injury severity (40.7% with ISS 16-24). Most were victims of a blunt trauma
mechanism (72.9%) and nearly 63% had some type of health insurance. Patients were
categorized based on the scores on the Connor-Davidson Resilience Scale — 10 as having
either high resiliency or not having high resiliency. There were 106 classified as not having
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high resiliency (47.1%) and 119 (52.9%) as high resiliency. When the two groups were
compared based on demographic and injury related information there were no significant
differences.

Next, we examined the relationship between demographic and injury related factors and the
probability of belonging to the High Resiliency group using logistic regression. Age, race,
gender, mechanism of injury, Charlson Comorbidity Index, Injury Severity Score, presence
of hypotension on admission, and insurance status were not associated with High Resiliency.
However, there was a significant relationship between individual income and High
Resilience. Compared to those who made <$10,000 per year, those who made more than
$50,000 per year had higher odds of being in the High Resilience group (OR 10.92, 95% Cl
2.58-46.32) (Table 2).

We then turned our attention to the quality of life trajectories followed by the patients in this
cohort as determined using the SF-36. We have previously demonstrated that patients in this
cohort follow one of 3 different Physical Component Score Trajectories and 5 different
Mental Component Score Trajectories (Figure 1) (5). For both the Physical Component
Score and the Mental Component Score trajectories we determined which trajectory
demonstrated the highest level of function. The trajectory with the highest level of function
was used as the comparator in multinomial regression. For the Physical Component Score
Trajectories we utilized trajectory 3 as the outcome reference group and for the Mental
Component Score trajectory 5 was used as the outcome reference group.

In Table 3, the results of the multinomial regression for the Physical Component Scores are
shown. The only factor associated Physical Component Scores was individual income.
Compared to those who made <$10,000 per year, those who made >$50,000 per year were
92% less likely to belong to trajectory 1 and 90% less likely to belong to trajectory 2
(Trajectory 1: OR 0.08, 95% CI 0.00-1.30; Trajectory 2: OR 0.10, 95% CI 0.02-0.49).
There was no relationship between resilience level and physical quality of life trajectory.

However, for the Mental Component Score trajectories, resilience was associated with the
outcome (Table 4). Patients with high resiliency scores were 85% less likely to belong to
trajectory 1, the trajectory that consistently had the lowest mental health scores over the
course of the study. Age and income were also predictive of patients belonging to mental
health trajectory 1. Patients ages 46—60 were more likely to belong to this trajectory and
patients with incomes over $10,000 were less likely to belong to trajectory 1. Having an
injury severity score 35 or greater also increased the likelihood of belonging to trajectory 1.
Patients with higher incomes were also less likely to belong to trajectory 3, which shows an
initial decline in mental health followed by recovery, and trajectory 4, which demonstrates
an initial decrease in mental health followed by continual decline. Race, gender, insurance
status, comorbidities, and mechanism of injury were not predictive of mental health recovery
trajectories.

Logistic regression analyses found that high resiliency has no relationship with PTSD at 4
months but is associated with increased risk for PTSD at 12 months (OR 3.18, 95% CI 1.02—
9.90) (Table 5). Depression is associated with increased risk of PTSD at both 4 and 12
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months (OR 14.57, 95% CI 4.20-50.58; OR 20.37, 95% CI 4.23-97.98, respectively). High
resiliency is associated with decreased risk of depression at both 4 and 12 months (OR 0.35,
95% CI 0.15-0.879; OR 0.18, 95% CI 0.06-0.56). PTSD is associated with increased risk of
depression at 4 and 12 months (OR 15.07, 95% CI 4.39-51.79; OR 20.28, 95% CI 4.37-
94.14).

DISCUSSION

In this prospective cohort study of civilians who suffered moderate to severe non-neurologic
injury we found that those with low levels of resilience were much more likely to follow a
poor post-injury mental health trajectory compared to those who had higher levels of
resilience at baseline. High resiliency was associated with lower risk of depression following
injury, but higher risk of delayed PTSD after injury. Further, patients who had higher
baseline income were more likely to have higher resilience compared to those in the lowest
income strata, no matter the level of resilience. Interestingly, there was no relationship
between physical recovery and baseline resilience. This study adds to and extends the
existing literature on the subject of resilience and post-traumatic recovery.

Prior work from our group as well as from others demonstrates that after traumatic events
injury survivors follow various trajectories, particularly in terms of mental health (10 — 13,
18 — 20). From a psychological standpoint, injury survivors can follow one of 5 different
recovery trajectories in the year following injury (5, 10 — 13, 18 — 20) (Mental Health
Composite Scores - Figure 1). Injury survivors can have an initial decrease in psychological
well being immediately following injury with either rapid recovery or prolonged
psychological dysfunction. Others suffer a delayed decline in their psychological health
several months after injury. Some patients follow a chronically depressed psychological
health trajectory. Finally, there are those who have high levels of psychological well being
immediately after injury and they are able to maintain these levels of high psychological
functioning throughout the post-injury recovery period. In this study, we used this resilient
trajectory (Mental Health Composite Score - Trajectory 5 in Figure 1) as the comparator in
the multinomial regression analysis. The results of this analysis indicated that compared to
those in the worst functioning trajectory (Mental Health Composite Score - Trajectory 1 in
Figure 1) that the patients in Trajectory 5 were 85% more likely to have high resilience
scores.

The existence of these varied phenotypes makes it difficult to predict what type of recovery a
particular individual may experience. Psychological resilience is thought to play a role in
moderating the effect of traumatic events on the mental health of an injury survivor (18 —
20). Resilience’s role in moderating poor outcomes among war veterans as well as those
with brain or spinal cord injury has been well documented (10 — 13).

The extent to which resilience can be modified is an area of specific interest.. The exact
psychological constructs that make up “resilience” have not been delineated. This makes
targeting interventions towards improving resilience more difficult. Multimodality
interventions are proposed to be more effective than interventions that are unifocal.
Interventions aimed at enhancing the natural recovery that occurs as a result of post-
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traumatic growth as well as those that take a more active, therapeutic approach have been
tried and have been shown to be successful. However, resilience appears to be modifiable
and there are clearly interventions that can teach injury survivors the skills associated with
resilience and good mental health outcomes (21 — 25).

There is a paucity of data form from controlled trials of interventions to improve in the
general injury survivor population. However, there are some promising early studies. In a
randomized controlled trial of United States veterans, Kent and colleagues developed an
intervention that was delivered in 12 weekly 90-minute group sessions. This intervention
was based on the positive psychology movement. The initial sessions were focused on
developing awareness of positive emotions and social connectedness. In later sessions,
participants were encouraged to use these skills when they were discussing their traumatic
event or when they were experiencing symptoms associated with Post-Traumatic Stress
Disorder. The authors found that compared to controls, participants had improved emotional
health and reduced symptoms (26). Interventions based on cognitive behavioral therapy have
also shown promise at improving resiliency and reducing psychological symptoms after
motor vehicle crashes (27 — 29). In these studies cognitive behavioral therapy techniques are
were used for varying amounts of time to help the injured patients explore areas where they
have been resilient in the past and then to explore ways to apply those strengths to their
current situation. Results from these studies indicate that cognitive behavioral therapy
techniques can reduce symptoms of anxiety and symptoms related to post-traumatic stress
disorder (27 — 29).

The current study does have limitations. The cohort is from a single institution and may not
be generalizable to a broader population. While follow-up for the cohort was robust, there is
the potential that follow-up bias could effect the study outcomes. However, when we
compared the patients for whom we had complete follow-up to those without complete
follow-up we found that there were no clinically significant differences. We also introduced
the resiliency scale after recruiting 275 patients. It is possible that the 225 patients included
in this study were different in some way to the overall study population. We compared the
patients who were given the resiliency questions compared to those who did not receive the
questions. There were no significant differences based on demographics or injury
characteristics between the two groups. It is also possible that the measure we used for
resilience may have a ceiling effect meaning that there might be small differences in
resilience that we could not detect with the current measure. Further, we chose accepted cut
points to determine high levels of resilience. However, is possible that through categorizing
the variables using this cut points we may have lost valuable information regarding the
relationship between outcomes and resilience. Because we were unable to measure
resilience prior to injury it is possible that the scores on the Connor-Davidson Resilience
Scale — 10 were influenced by the injury event. The presence of variability between the
baseline resilience scores measured after injury and the scores that would have been
obtained if there were no injury is an inherent limitation of the data. However, the scale has
been used in other traumatically injured patients, specifically those with spinal cord and
brain injuries, and baseline scores obtained soon after injury are thought to reflect the best
measure of baseline resilience available to researchers (16 — 18).
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Despite these limitations there are some clear conclusions that can be drawn from this study.
Over 25% of injured patients have a poor mental health trajectory after injury. Injury
survivors with high resiliency scores at baseline are more likely to follow a favorable post-
injury psychological trajectory. Measurement of resilience at baseline is practical in non-
neurologically injured patients and can identify those with less than ideal coping skills..
Trauma centers are well positioned to carry out interventions to teach resiliency skills to
vulnerable injured patients in order to improve long-term quality of life. This may be
particularly important in the setting of increased survivorship associated with modern trauma
center care.
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Baseline Characteristics

Table 1

Not High Resiliency High Resiliency Total Sample

n=106 n=119 n=225 p value
Age Group 0.752
18-35 56.6% 50.4% 53.3%
36-45 16.0% 21.0% 18.7%
46-60 17.9% 19.3% 18.7%
>60 9.4% 9.2% 9.3%
Gender 0.160
Female 46.2% 37.0% 41.3%
Male 53.8% 63.0% 58.7%
Race 0.055
White 52.8% 51.3% 52.0%
Black 47.2% 48.7% 47.6%
Hispanic 0.9% 0.0% 0.4%
Individual Annual Income 0.020
Less than $10,000 58.4% 42.1% 49.8%
$10,000 - less than $25,000 23.8% 26.3% 25.1%
$25,000 — less than $50,000 13.9% 16.7% 15.3%
$50,000 or more 4.0% 14.9% 9.8%
Insurance Status 0.175
Insured 65.1% 60.5% 62.7%
Uninsured 34.9% 39.5% 37.3%
Injury Severity Score 0.766
Less than 15 30.6% 24.3% 27.3%
16-24 39.8% 41.4% 40.7%
25-34 25.5% 29.7% 27.8%
35 and greater 4.1% 4.5% 4.3%
Mechanism of Injury 0.907
Blunt 73.6% 72.3% 72.9%
Penetrating 18.9% 21.0% 20.0%
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Table 2

Multivariate Regression Analysis for High Resiliency

Age Group
18-35
36-45
46-60
Over 60
Race
White
African American
Gender
Male
Female
Insured
Charleston Comorbidity Index
Individual Annual Income
Less than $10,000
$10,001-$25,000
$25,001-$50,000
Over $50,000
Mechanism of Injury
Blunt
Penetrating
Injury Severity Score
Less than 15
16-24
25-34
35 or greater

Hypotensive (systolic blood pressure < 90mmHg)

OR

1.16
0.79
0.48

1.42

0.83
0.68
1.02

1.97
2.55
10.92

1.35

1.30
1.42
1.47
1.39

LCL
Reference
0.50
0.31
0.13

Reference

0.70

Reference
0.41
0.34
0.68

Reference
0.90
0.97
2.58

Reference
0.54

Reference
0.61
0.62
0.29
0.39

UCL

2.72
1.99
1.75

2.87

1.68
1.34
1.54

4.30
6.70
46.32

3.37

2177
3.26
7.56
4.96
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Table 5

Logistic Regression for Long-term Mental Health Outcomes

PTSD OR (95% CI) Depression OR (95% CI)
4 Months 12 Months 4 Months 12 Months

High Resilience vs. Not High Resiliency | 0.66 (0.27-1.64) 3.18 (1.02-9.90) 0.35(0.15-0.79) 0.18 (0.06-0.56)

PTSD vs. No PTSD NE NE 15.07 (4.39-51.79) | 20.28 (4.37-94.14)

Depression vs. No Depression 14.57 (4.20-50.58) | 20.37 (4.23-97.98) | NE NE

NE = Not Estimated
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