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ABSTRACT
Background  Up to 20–40% of survivors of any 
traumatic injury develop post-traumatic stress disorder 
(PTSD) or depression after injury. Firearm injury survivors 
may be at even higher risk for adverse outcomes. We 
aimed to characterize PTSD and depression risk, pain 
symptoms, and ongoing functional limitations in firearm 
injury survivors early after hospital discharge.
Methods  Firearm injury survivors seen in the Trauma 
Quality of Life (TQOL) outpatient follow-up clinic 1–2 
weeks after discharge were invited to participate in 
a survey assessing both mental and physical health 
outcomes. The survey included the Brief Pain Inventory 
(BPI), the Injured Trauma Survivor Screen (ITSS), the Beck 
Depression Inventory (BDI), the PTSD Checklist for DSM-
5 (PCL-5), and the 12-item Short Form Survey Physical 
Health component (SF-12)
Results  306 patients were seen in the TQOL Clinic, 
and 175 responded to the survey. The mean age was 32 
years (SD=12), 81% were male, and 79% were black. 
On the ITSS, 69% and 48% of patients screened risk 
positive for PTSD and depression, respectively. Patients 
reported mild depression symptoms with an average BDI 
score of 14.3 (SD=11.8) and elevated PTSD symptoms 
with an average PCL-5 score of 43.8 (SD=12.8). Patients 
with severe BPI scores were more likely to screen positive 
for depression and PTSD. Respondents scored >2 SD 
below the US national average on the SF-12 for physical 
quality of life (M=28.7). 12% of patients were at risk 
across all four domains of pain, PTSD, depression, and 
physical function.
Conclusion  Early after discharge, over two-thirds 
of firearm injury survivors were at risk for the 
development of PTSD, nearly half were at risk of 
depression, and physical function was significantly 
decreased. Trauma centers need to prioritize early, 
outpatient multidisciplinary care to treat and prevent the 
development of poor chronic physical and mental health 
for firearm injury survivors.
Level of evidence  III.

INTRODUCTION
In the USA, firearm injury is a public health crisis, 
and survivors suffer from high rates of long-term 
mental health consequences and impaired func-
tional recovery.1 2 The burden of traumatic injury 
and firearm-related disease extends far beyond the 
physical effects of the injury.3–5 The need to address 

mental health for trauma patients is reflected in the 
recent American College of Surgeons Committee 
on Trauma’s requirement for Level 1 and 2 trauma 
centers to screen all survivors of traumatic injury 
for both depression and post-traumatic stress 
disorder (PTSD), and to refer patients for further 
mental health treatment when necessary.6

Although long-term mental health and functional 
outcomes have been described in firearm injury 
survivors, it is not well understood what symptoms 
are experienced early after discharge. Prior work 
has suggested that early PTSD symptoms experi-
enced by firearm injury survivors persist 6 months 
after injury.4 Understanding screening risk rates as 
well as early physical and mental health symptom 
patterns can help to inform early multidisciplinary 
intervention and resource utilization for the firearm 
injury population to prevent the long-term quality 
of life issues.

As such, the objective of this study was to 
describe PTSD and depression screening risk rates 
and symptoms along with, pain and physical health 
in firearm injury survivors early after hospital 
discharge. Additionally, we aimed to characterize 
interactions between these outcomes to identify 
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early risk patterns and to begin to describe resources necessary 
to provide early ambulatory multidisciplinary care.

METHODS
This was a prospective survey-based study at a Midwest Level 
1 trauma center. Adult (≥18 years old) patients who suffered 
from a firearm injury, who were discharged from the trauma 
surgery service, and who followed up in the Trauma Quality of 
Life (TQoL) Clinic were considered for inclusion in the study. 
The TQoL Clinic is an outpatient follow-up clinic focused on 
the multidisciplinary care of firearm injury survivors. All patients 
with firearm injury discharged from the trauma surgery service 
are referred to the TQoL Clinic at the time of discharge. During 
the TQoL Clinic visit, patients are seen by a trauma medical 
provider, a psychologist, a physical therapist, a social worker, 
and a hospital responder from the hospital’s gun violence inter-
vention program, 414LIFE. All clinic providers are specialized 
in trauma-informed care of traumatically injured patients, with a 
particular focus on firearm injury recovery. Ideally, patients are 
seen 1–2 weeks after discharge from the hospital to promptly 
identify and address ongoing care needs.7 Follow-up at the 
TQoL Clinic is excellent, with over 80% of patients attending 
their initial follow-up appointment, and the majority of those 
who need to reschedule attend their rescheduled appointment.8

A convenience sample of candidates was invited to participate 
in a survey-based interview study at their first TQoL outpa-
tient follow-up appointment by a trained research assistant. For 
willing participants, the survey was administered in-person via an 
iPad (Apple Inc., Cupertino, California, 2023). If the patient had 
limited literacy or if they requested, the survey was read aloud 
to the participant. The QualtricsXM (Qualtrics, Provo, UT) survey 
platform was used to manage data collection. The survey was 
aimed to evaluate various physical and mental health outcomes 
through validated and reliable measures. The survey measured 
long-term risk for PTSD and depression, current symptoms of 
post-traumatic stress and depression, pain, and finally assessed 
physical and mental quality of life. Demographics, Injury Severity 
Score (ISS), surgical operations, intensive care unit (ICU) treat-
ment, and engagement with law enforcement were all abstracted 
from the electronic health record. These clinical variables were 
collected to determine their impact on the study outcomes. Law 
enforcement engagement was defined as the patient being placed 
in custody or under investigation for any period of time. Surgical 
operations were grouped by primary operation type, which 
included abdominal, thoracic, vascular, orthopedic, neck, face, 
washout/debridement, or other.

Survey measures
Brief Pain Inventory (BPI)
The BPI is a self-report tool to measure pain severity and inter-
ference. It has been studied in multiple patient populations for 
acute and chronic pain.9 10 The pain severity subscale assesses 
pain at its “worst,” “least,” “average,” and “now.” The pain 
interference subscale assesses how pain interferes with a patient’s 
activity, mood, relationships, sleep, and enjoyment of life. Scores 
range from 0 to 10, with mild pain represented by scores 1–3, 
moderate pain represented by scores 4–6, and severe pain repre-
sented by scores 7–10.9 10

Injured Trauma Survivor Screen (ITSS)
The ITSS is a validated 9-item self-report screening tool for 
both depression and PTSD. It has been validated for use in inpa-
tient traumatically injured patients with PTSD and depression 

subscale sensitivity and specificities of 75% and 79%, and 80% 
and 66%, respectively.11 It has not yet been validated in the early 
outpatient setting. Five questions measure the risk for PTSD, five 
questions measure the risk for depression, with one overlapping 
item. A score of ≥2 in either domain indicates a positive screen 
for high risk for development of either PTSD, depression, or 
both at 1- and 6 months after injury.12 13

PTSD Checklist for DSM-5 (PCL-5)
The PCL-5 is a 20-item self-report measure of PTSD symptom 
severity and detecting probable diagnosis. Respondents indi-
cate the extent to which potential symptoms have been both-
ering them over the past month using a Likert Scale response 
ranging from 0 = “not at all” to 4 = “extremely.” The PCL-5 has 
subscales that evaluate each symptom cluster, including re-expe-
riencing, avoidance, negative alterations in cognition or mood, 
and hyperarousal. A total score from 0 to 80 is summed to repre-
sent a continuous measure of a patient’s PTSD symptom burden, 
with greater scores indicative of greater symptom severity.14 
Prior research has suggested that a cut point of >30 correlates 
well with the diagnosis of PTSD in a general trauma popula-
tion, or a cut-off of >34 in the intentional injury population.15 
As criteria for PTSD diagnosis require symptoms to be present 
for a duration of greater than 1 month,16 the terminology post-
traumatic stress symptoms is used to describe the results.

Beck Depression Inventory (BDI)
The BDI is a 21-item survey assessing the severity of depres-
sive symptoms.17 Symptoms are rated on a scale of 0–3, with 
higher scores indicating greater symptom severity. Scores range 
from 0 to 63, with scores of 0–13 indicating minimal depressive 
symptoms, 14–19 indicating mild symptoms, 20–28 indicating 
moderate symptoms, and 29–63 indicating severe symptoms.18 19

Short Form 12 Survey (SF-12)
The SF-12 is a self-report tool to assess comprehensive quality 
of life. It was developed and validated as an abbreviated version 
of the Short Form 36 Survey (SF-36) to be applicable in larger-
scale health measurement studies. Like the SF-36, it can be 
divided into physical health components (PCS) and mental 
health components (MCS) to determine more nuanced results 
of quality of life.20 Response values vary by question and are 
weighted according to regression coefficients from a representa-
tive US sample. Scores are aggregated for PCS and MCS scales, 
then standardized for comparison to the general US population 
where scores range 0–11 with higher scores indicating better 
quality of life, with the US general population mean of 50 and 
SD of 10.21

Analysis plan
All data analysis was performed using R (R V.4.2.1, R Core 
Team, 2021). Patient demographics and self-report measures are 
reported with descriptive statistics. Risk outcomes were assessed 
across all four domains including pain (severe BPI score), PTSD 
(ITSS positive), depression (ITSS positive), and physical function 
(< 25th percentile SF-12 PCS). T-tests were used to compare 
outcomes between ITSS-positive screen groups for both PTSD 
and depression risk (two ITSS groups and the five outcomes (BPI 
severity, BPI interference, BDI, SF-12 MCS, SF-12 PCS)]. χ2 tests 
were used to compare ITSS PTSD and depression risk across BPI 
pain levels (mild, moderate, and severe). To adjust for multiple 
comparisons (16 tests), a Bonferroni correction was applied 
(α=0.05/12=0.004).



3Biesboer EA, et al. Trauma Surg Acute Care Open 2025;10:e001336. doi:10.1136/tsaco-2023-001336

Open access

Statistical analysis was supplemented by the determina-
tion of Area Deprivation Index (ADI) for patients residing in 
Milwaukee County. Using the patient’s geocoded home address 
obtained from the electronic health record, ADI rankings were 
determined using data from the University of Wisconsin Neigh-
borhood Atlas ADI data from 2021.22 ADI rankings nationally 
range from 1 to 100, with 100 indicating the greatest disadvan-
tage.22 Outcomes were also assessed by ADI (using T-tests) and 
clinical factors (using χ2 tests) including need for an operation, 
need for ICU stay, and law enforcement presence to determine 
their impact on the survey measures.

RESULTS
A total of 306 patients were seen in the TQoL Clinic from 
November 2020 through October 2022. Of these, 175 patients 
participated in some portion of the survey. The majority of 
patients were male (n=138, 79%) and identified as black (n=134, 
77%). The average age was 32.4 years (SD=12.2). Regarding 
injury severity, 78% of patients had a high ISS, 8% a moderate 
ISS, and 8% a low ISS. Over this timeframe, there were a total 
of 782 patients with firearm injury seen by the trauma surgery 
service, and there were no differences in age, gender, race, or ISS 
scores compared with the survey participants. The median time 
from hospital discharge to the TQoL Clinic visit was 10 days 
(Iinterquartile Range IQI=7; 14), and the median time from 
injury to completion of the survey was 17 days (IQI=12; 23). 
Most patients (89%) completed the survey within 30 days of 
their injury, and 41% completed it within 2 weeks of their injury.

Out of the 176 patients, 149 (84%) were able to be geospa-
tially mapped and associated with an ADI. Reasons for being 
unable to geocode a patient’s address included living outside of 
Milwaukee County (n=25), or the address obtained from the 
electronic health record was invalid (n=2). The mean national 
ranking was 84.44 (SD=18.08).

Survey descriptive results
For the BPI, the mean pain severity subscore was 5.65 (SD=2.64) 
indicating moderate pain, and most patients reported moderate 
(n=70, 40%) to severe (n=60, 34%) pain. The mean pain inter-
ference subscore was 5.65 (SD=2.71), also indicating moderate 
pain interference with activities of daily living.

On the PCL-5, the mean score was 43.81 (SD=12.08), indi-
cating high posttraumatic stress symptom severity. Patients 
reported high severity across individual symptom clusters of 
re-experiencing (M=10.77, SD=4.08), negative mood and 
cognition (M=15.85, SD=5.06), and hyperarousal (M=13.07, 
SD=4.06). Similarly, 69% (n=121) of patients screened risk 
positive for PTSD on the ITSS.

For depressive symptoms, the mean score on the BDI was 
14.33 (SD=11.76), indicating mild mood disturbance. Using the 
ITSS screen, 48% (n=84) screened risk positive for depression.

For the SF-12, the average score on the Mental Health 
Component Score (MCS) was 45.62 (SD=13.03), which is 
approximately at the 25th percentile compared with the US 
general population. For the Physical Health Component (PCS), 
SF-12 scores had a mean of 28.73 (SD=15.51), well below the 
25th percentile score of 46.5 in the US general population. The 
majority of patients had scores below the 25th percentile for the 
SF-12 in both physical health (n=105, 90%) and Mental Health 
Component (n=63, 53%) (tables 1 and 2).

Overall, 86% of patients met criteria for at least one risk 
domain. 12% of patients (n=21) met criteria in all four outcome 
domains.

Association between measures of mental health
Compared with those who were ITSS PTSD risk-negative, 
patients who were PTSD risk-positive on the ITSS had signifi-
cantly higher pain scores on the BPI (Severity t=3.22, p<0.001; 
Interference t=5.82, p<0.001), higher depression symptoms on 

Table 1  Demographic and survey descriptives of the cohort

Number Percentage Number missing

Total 175 100%

Male sex 138 79% 8

Race 8

 � Black 134 77%

 � White 13 7%

 � Hispanic 7 <5%

 � Other 10 6%

 � American Indian or Alaska Native <5 <5%

 � Unknown <5 <5%

ISS 10

 � Low (<9) 15 8%

 � Moderate (9–15) 14 8%

 � High (16–24) 136 78%

Risk-positive ITSS PTSD 121 69%

Risk-positive ITSS depression 84 48%

 �  Mean SD Number missing

Age 32.4 12.2 8

PCL-5 total 43.81 12.08 25

 � Re-experience 10.77 4.08

 � Avoidance 4.13 2.35

 � Negative cognition/mood 15.85 5.06

 � Hyperarousal 13.07 4.06

ITSS total 4.21 2.54 19

 � Depression 1.92 1.48

 � PTSD 2.96 1.62

BDI total 14.33 11.76 38

BPI severity 5.65 2.64 4

BPI interference 5.65 2.71 4

SF-12 mental health 45.62 12.03 58

SF-12 physical function 28.73 15.51 58

Values <5 suppressed for patient confidentiality.
BDI, Beck Depression Inventory; BPI, Brief Pain Inventory; ISS, Injury Severity Score; 
ITSS, Injured Trauma Survivor Screen; PCL-5, PTSD Checklist for DSM-5; PTSD, post-
traumatic stress disorder; SF-12, Short Form 12.

Table 2  Brief Pain Inventory and SF-12 by severity level

Measure Level n (%)

BPI Mild 41 (23%)

Moderate 70 (40%)

Severe 60 (34%)

SF-12 PCS <25th percentile 105 (90%)

26–50th percentile 5 (4%)

51–75th percentile 5 (4%)

>75th percentile 1 (<1%)

SF-12 MCS <25th percentile 63 (53%)

26–50th percentile 18 (15%)

51–75th percentile 8 (7%)

>75th percentile 28 (23%)

BPI, Brief Pain Inventory; SF-12 MCS, Short Form 12 Mental Health Component; 
SF-12 PCS, Short Form 12 Physical Health Component.
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the BDI (t=5.48, p<0.001), and lower quality of life scores on 
the SF-12 MCS (t=−5.15, p<0.001) (table 3). Similarly, those 
who screened at risk for depression on the ITSS had signifi-
cantly higher pain scores on the BPI (Severity t=2.91, p=0.004; 
Interference t=5.25, p<0.001), significantly higher depression 
symptoms on the BDI (t=7.17, p<0.001), and lower function 
on the SF-12 MCS (t=−5.44, p<0.001) compared with those 
who were ITSS depression risk negative (table 3).

Association between pain scores and mental health measures
Those in the BPI moderate and severe pain groups were more 
likely to screen positive on the ITSS for PTSD (moderate=81%, 
severe=88%; χ2=12.37, p<0.001) (figure  1). Those in the 
moderate and severe pain groups were more likely to score 
below the 25th percentile on the MCS (Mild p=0.18; Moderate 
and Severe p’s<0.01).

Association between clinical care factors and survey 
measures
There were no differences between those who did (n=97, 55%) 
or did not (n=78, 45%) require an operation in ITSS screen 
risk, SF-12 scores, or BPI scores. Similarly, there were no 
differences in these outcomes by hospital length of stay, by ISS 
severity group (p’s>0.08), or for those who required an ICU stay 
(n=66, 37%). Patients who were engaged with law enforcement 
(n=43, 24%) were more likely to screen positive for depression 
(χ2=4.65, p<0.01).

Association between ADI and survey measures
The mean ADI was 84.44 (SD=18.08) for the group. ADI was 
significantly higher in the ITSS depression risk-positive group 
compared with the ITSS depression risk negative group (t=2.60, 
p=0.01), and in the BPI severe group compared with the BPI 
mild group (t=2.38, p=0.01). There were otherwise no differ-
ences in ADI by ITSS PTSD risk (p=0.27), SF-12 MCS percen-
tile groups (p’s>0.12), SF-12 PCS percentile groups (p’s>0.64), 
or BDI total score (p=0.16).

DISCUSSION
The purpose of this study was to document the acute physical 
and mental quality of life issues experienced by firearm-injured 
survivors hospitalized at an urban Level 1 trauma center. Our 

prospective study demonstrated that firearm injury survivors are 
at high risk for adverse mental health outcomes, development 
of chronic pain, and lower quality of life early after hospital 
discharge for their injury. In addition to screening risk-positive 
for the development of PTSD and depression according to the 
ITSS (>1 month after injury), our patients are already expe-
riencing significant post-traumatic stress symptoms early in 
their recovery, which may be a risk for future development of 
PTSD.4 23–25 In spite of the acute psychopathology, ongoing pain, 
and functional limitations having the potential to develop into 
chronic problems, the majority of traumatic injury post-discharge 
care does not specifically address these complex needs.26 This 
highlights the need for an early multidisciplinary approach to 
pain, physical function, and mental health to promote optimal 
recovery after firearm injury.5

The American College of Surgeons Committee on Trauma has 
now mandated that trauma centers screen and refer patients for 
PTSD and depression, further demonstrating the national recog-
nition that mental healthcare is necessary for comprehensive 
recovery after injury.6 Based on the present study, it is clear that 
patients with firearm injury are at particular risk for poor mental 
health outcomes, and it is important for trauma centers that 
treat a high rate of patients with firearm injury to understand 
the needs of this population so appropriate resource planning 
and allocation of treatment can be determined.

The concept that pain may influence functional recovery 
is well-established in trauma care. In patients with mild trau-
matic brain injury 3 months after injury, pain interference, but 
not cognition, was associated with functional outcomes.27 In a 
group of patients with moderate to severe traumatic injuries, 
46% reported pain that influenced their daily activities at 6–12 
months after injury, and those with ongoing pain were more 
likely to report functional limitations and not to have returned 
to work.28 The influence of clinical factors on the development 
of chronic pain is less understood. Patients with traumatic brain 
injury are recognized to be at risk for chronic pain28 as well as 
length of hospital stay,28–30 but data regarding the influence of 
injury severity is more mixed.28–33 While we studied pain early in 
recovery, we did not identify any clinical care factors that influ-
enced the severity of pain at first follow-up, including need for 
an operation, need for ICU stay, hospital length of stay, or ISS 
score. It should be noted that this may be simply that there may 
be an expected level of pain approximately 2 weeks after firearm 
injury, and the majority of our patients reported moderate to 
severe pain at this time. Further longitudinal work is necessary to 
explore these relationships in patients with firearm injury.

The association between chronic pain and mental health 
disorders is also complex. While pain is a risk factor for mental 
health disorders,34 the reverse is also true,35 highlighting the 
importance of multidisciplinary teams addressing holistic needs. 
This relationship was evident early after traumatic injury in our 
firearm injury survivors, as those in the moderate to severe BPI 
pain groups were more likely to screen positive for PTSD and 
to report mental and physical quality of life at or below the 
25th percentile for the US national average on the SF-12 PCS 
and SF-12 MCS assessments. It is worth noting that our firearm 
injury survivors reported extreme quality of life deficits, as 90% 
fell below the 25th percentile for the US national average on 
the SF-12 PCS, and just over 50% fell below the 25th percen-
tile on the SF-12 MCS. In a study evaluating injured patients, 
the average SF-12 PCS was 32 and SF-12 MCS Score was 47 at 
1 month.36 Our patients with firearm injury still reported worse 
quality of life compared with this injured population, with an 
average SF-12 PCS Score of 28.7 and SF-12 MCS Score of 45.6. 

Table 3  Associations between mental health screens and pain, 
depression scores, and SF-12 mental health and physical function 
scores

Risk domain
BPI 
severity

BPI 
interference BDI

SF-12 
MCS

SF-12 
PCS

ITSS PTSD

 � Risk negative 4.25 3.40 4.44 56.55 35.15

 � Risk positive 5.87* 6.23* 16.59* 42.67* 26.75

ITSS depression

 � Risk negative 4.84 4.42 7.27 52.22 32.43

 � Risk positive 6.07* 6.59* 19.72* 39.86* 25.14

Values reported are column means for each risk domain group. T-tests were 
conducted within each risk domain for each measure.
Lower scores on the SF-12 MCS and PCS indicate worse mental and physical health.
**p<0.04 after Bonferroni correction.
BDI, Beck Depression Inventory; BPI, Brief Pain Inventory; ITSS, Injured Trauma 
Survivor Screen; PCL-5, Post-traumatic Stress Disorder Checklist for DSM-5; 
PTSD, post-traumatic stress disorder; SF-12 MCS, Short-Form 12 Mental Health 
Component; SF-12 PCS, Short-Form 12 Physical Health Component .
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These are startling numbers, and the high proportion of patients 
reporting poor functional quality of life made determining 
nuanced relationships and risk patterns between quality of life 
and pain difficult to elucidate as nearly all patients fell into the 
highest symptom group for functional deficits. Nevertheless, it 
is important for providers to recognize that acute pain treatment 
is necessary to promote functional recovery and to mitigate the 
development of future chronic pain. The cornerstone of strate-
gies to mitigates risk involve multimodal pain therapies with the 
addition of opioid analgesics if necessary.37

Our study suggests that 69% and 48% of patients are at risk for 
PTSD and depression. Long-term patient-reported mental health 
and functional outcomes have also been described in firearm 
injury survivors. Greenspan et al’s work demonstrated that at 8 
months after injury, approximately 40% of firearm injury survi-
vors have symptoms of PTSD as well as decreased SF-36 scores 
across all domains, notably physical function, social functioning, 

bodily pain, health perception, and vitality scores.2 More 
recently, Vella et al performed a prospective evaluation of various 
mental health outcomes using the Patient-Reported Outcomes 
Measurement Information System instruments at a median of 5.9 
years after firearm injury and found that compared with the US 
general population, participants had worse scores in the domains 
of Global Physical Health, Global Mental Health, Pain Intensity, 
and Alcohol and Severity of Substance Use. Patients who were 
more than 5 years from their injury had worsened Global Phys-
ical Health but improved screening rates for PTSD (43% vs 60% 
for less than 5 years). This suggests patient’s perception of their 
physical function may continue to worsen, but PTSD symptoms 
improve with time.1 Yet, all of these studies convey that about 
half of the patient sample had or was at risk for PTSD, which is 
substantial. These studies did not evaluate if patients had received 
mental health treatment, but these data would indicate the crucial 
need for early mental health intervention as a part of trauma care.

Figure 1  Injured Trauma Survivor Screen (ITSS) results in relation to BPI pain severity scoring groups. Groups were based on scores of 1–3=mild, 
4–6=moderate, and 7–10=severe. Those in the BPI moderate and severe pain groups were more likely to screen positive on the ITSS for PTSD 
(χ2=12.37, p<0.001). BPI, Brief Pain Inventory; PTSD, post-traumatic stress disorder.
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Unsurprisingly, patients with firearm injury report wors-
ened long-term health compared with the general population. 
Herrera-Escobar et al compared patients with firearm injury to 
a population of patients with motor vehicle collision (MVC)-
injury at 6–12 months after injury. Patients with firearm injury 
had significantly higher rates of daily pain (68% vs 57%) and 
positive screens for PTSD (53% vs 23%) compared with patients 
injured in an MVC. Although patients with firearm injury had 
higher adjusted odds of new functional limitations (OR 2.26, 
95% CI 0.95 to 5.42), the differences in functional limitations 
and return to work were not statistically significant between the 
groups.38

Despite over 20 years since the Greenspan et al article,2 more 
recent literature1 4 38 and our results would suggest that patients 
with firearm injury are still at extreme high risk for adverse 
mental and physical health outcomes. The current study also 
underscores the complex relationships between pain, phys-
ical function, and mental health early after hospital discharge 
in firearm injury survivors. Multidisciplinary outpatient care 
models have been recently introduced and are an opportunity to 
provide early, comprehensive care to the patient.7 39 40 Notably, 
the TQoL Clinic is established as a full clinic embedded in the 
trauma division specifically for patients with firearm injury, 
where they are automatically scheduled to see all providers.7 
The TQoL Clinic includes a trauma medical provider, phys-
ical therapist, psychologist, social worker, and a hospital-based 
violence interrupter who is a credible community member with 
direct access to community support and resources. The objec-
tive of the clinic is to address as many patient-identified biopsy-
chosocial needs as possible at the same time in a single clinic 
space to improve access to these resources. This is important as 
patients in the study came from highly disadvantaged neighbor-
hoods with the average ADI in the eighth decile of disadvantage. 
Consistent with other work identifying that gun violence is most 
prevalent in disadvantaged neighborhoods,41 these findings high-
light the need for a social worker and for strong connections to 
community resources as the social resource needs of this popu-
lation are great.

Other multidisciplinary models do exist. For example, the 
Center for Trauma Survivorship uses a referral process in which 
trauma patients who are critically ill see a nurse practitioner, 
healthcare navigator, and social worker as well as a trauma 
physiatrist and trauma surgeon as needed.39 40 Importantly, both 
TQoL and the Center for Trauma Survivorship have providers 
who address pain, physical function, and mental health. These 
early interventions are crucial, as patients who receive some form 
of mental health intervention early in the post-traumatic period 
have evidence for improved symptoms and PTSD prevention.42 43 
These multidisciplinary models and clinics are key examples of 
comprehensive trauma care.

Of note, our findings must be interpreted within the context 
of institutional resources. This study was performed at an insti-
tution with a robust multidisciplinary care team including an 
inpatient to outpatient trauma psychology program. At our 
institution, early multidisciplinary interventions and mental 
healthcare can be provided immediately after clinical stability. 
In a less-resourced center, it is possible that there could be 
even worse risk for these outcomes. Historically, the majority 
of patients seen for firearm injury are black Americans who are 
disproportionately affected by low socioeconomic status and 
who have reduced access to care.41 44 Trauma centers, particularly 
those that serve communities with high rates of firearm-related 
violence, have the potential to improve health equity by making 
a significant impact on enhancing access to mental healthcare 

and other forms of multidisciplinary care. Moving forward, it 
is imperative for trauma centers to implement these practices to 
address the complex recovery needs of patients.

This study was limited in that patients were surveyed based on 
research assistant availability and on a volunteer basis without 
monetary incentive. Therefore, there may be a selection bias 
in patients who chose to respond to the surveys; however, the 
demographics of this group are similar to those seen in the overall 
clinic. Additionally, our sample was limited to patients eligible 
for the TQoL Clinic (ie, those discharged from the trauma 
surgery service), thus this sample does not capture all patients 
with firearm injury treated at our institution, most notably those 
discharged from the emergency room or those who had single 
system injuries that were treated by and discharged from surgical 
specialty services. For the same reason regarding a lack of incen-
tive, there was also missing data for some of the measures which 
can contribute to additional bias. Although the purpose of this 
study was to gather baseline data, the study would be strength-
ened by follow-up data to determine the trajectory of recovery 
after injury. This is an area of future work for our team.

Overall, our study demonstrated the high risk for adverse 
mental health outcomes, and significant pain and functional 
symptoms that patients with firearm injury experience early 
after recovery. Extensive resources are necessary to support the 
comprehensive recovery of these patients. Trauma centers that 
serve a large population of patients with firearm injury should 
implement multidisciplinary care models which are specifically 
aimed to address these needs.

Acknowledgements  The authors would like to particularly thank the 414LIFE 
team for their tireless dedication to serving firearm injury survivors and their 
community.

Contributors  CT is the guarantor and takes responsibility for the work and/or the 
conduct of the study, had access to the data, and controlled the decision to publish. 
Study design: AB, TdRC, and CT. Data collection and analysis were performed by EAB, 
AB, IRJ, CWT, and CT. Significant portions of the manuscript were written by EAB 
and CT. All authors contributed to manuscript preparation and critical review of the 
manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Elise A Biesboer http://orcid.org/0000-0002-7639-1955
Amber Brandolino http://orcid.org/0000-0002-4232-0630
Terri deRoon-Cassini http://orcid.org/0000-0002-9485-0625
Marc DeMoya http://orcid.org/0000-0002-1942-4650

REFERENCES
	 1	 Vella MA, Warshauer A, Tortorello G, Fernandez-Moure J, Giacolone J, Chen 

B, Cabulong A, Chreiman K, Sims C, Schwab CW, et al. Long-term Functional, 
Psychological, Emotional, and Social Outcomes in Survivors of Firearm Injuries. JAMA 
Surg 2020;155:51–9. 

	 2	 Greenspan AI, Kellermann AL. Physical and psychological outcomes 8 months after 
serious gunshot injury. J Trauma 2002;53:709–16. 

	 3	 Haider AH, Herrera-Escobar JP, Al Rafai SS, Harlow AF, Apoj M, Nehra D, Kasotakis 
G, Brasel K, Kaafarani HMA, Velmahos G, et al. Factors Associated With Long-term 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7639-1955
http://orcid.org/0000-0002-4232-0630
http://orcid.org/0000-0002-9485-0625
http://orcid.org/0000-0002-1942-4650
http://dx.doi.org/10.1001/jamasurg.2019.4533
http://dx.doi.org/10.1001/jamasurg.2019.4533
http://dx.doi.org/10.1097/00005373-200210000-00015


7Biesboer EA, et al. Trauma Surg Acute Care Open 2025;10:e001336. doi:10.1136/tsaco-2023-001336

Open access

Outcomes After Injury: Results of the Functional Outcomes and Recovery After Trauma 
Emergencies (FORTE) Multicenter Cohort Study. Ann Surg 2020;271:1165–73. 

	 4	 Timmer-Murillo SC, Melin SJH, Tomas CW, Geier TJ, Brandolino A, Schramm AT, Larson 
CL, deRoon-Cassini TA. Mental Health and Health-Related Quality of Life After Firearm 
Injury: A Preliminary Descriptive Study. Ann Intern Med 2023;176:1010–2. 

	 5	 Timmer-Murillo SC, Schroeder ME, Trevino C, Geier TJ, Schramm AT, Brandolino AM, 
Hargarten S, Holena D, de Moya M, Milia D, et al. Comprehensive Framework of 
Firearm Violence Survivor Care: A Review. JAMA Surg 2023;158:541–7. 

	 6	 ACoSCo T. Resources for the optimal care of the injured patient chicago. Illinois: 
American College of Surgeons, 2022.

	 7	 Trevino C, Geier T, Timmer-Murillo SC, Shawlin M, Milia DJ, Codner P, deRoon-Cassini 
T. Feasibility of a trauma quality-of-life follow-up clinic. J Trauma Acute Care Surg 
2020;89:226–9. 

	 8	 Brandolino A, deRoon-Cassini TA, Biesboer EA, Tomas CW, Woolfolk M, Wakinekona 
NA, Subramanian M, Cheruvalath H, Schroeder ME, Trevino CM. Improved follow-up 
care for gun violence survivors in the Trauma Quality of Life Clinic. Trauma Surg Acute 
Care Open 2024;9:e001199. 

	 9	 Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann 
Acad Med Singap 1994;23:129–38.

	10	 Cleeland C. The brief pain inventory user guide. Houston, Texas: The University of 
Texas M.D. Anderson Cancer Center, 2009.

	11	 Hunt JC, Herrera-Hernandez E, Brandolino A, Jazinski-Chambers K, Maher K, Jackson 
B, Smith RN, Lape D, Cook M, Bergner C, et al. Validation of the Injured Trauma 
Survivor Screen: An American Association for the Surgery of Trauma multi-institutional 
trial. J Trauma Acute Care Surg 2021;90:797–806. 

	12	 Hunt JC, Sapp M, Walker C, Warren AM, Brasel K, deRoon-Cassini TA. Utility of 
the injured trauma survivor screen to predict PTSD and depression during hospital 
admission. J Trauma Acute Care Surg 2017;82:93–101. 

	13	 Hunt JC, Chesney SA, Brasel K, deRoon-Cassini TA. Six-month follow-up of the injured 
trauma survivor screen: Clinical implications and future directions. J Trauma Acute 
Care Surg 2018;85:263–70. 

	14	 Blevins CA, Weathers FW, Davis MT, Witte TK, Domino JL. The Posttraumatic Stress 
Disorder Checklist for DSM-5 (PCL-5): Development and Initial Psychometric 
Evaluation. J Trauma Stress 2015;28:489–98. 

	15	 Geier TJ, Hunt JC, Nelson LD, Brasel KJ, deRoon-Cassini TA. Detecting PTSD in a 
traumatically injured population: The diagnostic utility of the PTSD Checklist for DSM-
5. Depress Anxiety 2019;36:170–8. 

	16	 Merians AN, Spiller T, Harpaz-Rotem I, Krystal JH, Pietrzak RH. Post-traumatic Stress 
Disorder. Med Clin North Am 2023;107:85–99. 

	17	 Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring 
depression. Arch Gen Psychiatry 1961;4:561–71. 

	18	 Jackson-Koku G. Beck Depression Inventory. OCCMED 2016;66:174–5. 
	19	 Beck A, Steer R, Brown G. B-I. BDI-ii, beck depression inventory: manual. San Antonio, 

TX: Psychological Corp, 1996: 601–8.
	20	 Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of 

scales and preliminary tests of reliability and validity. Med Care 1996;34:220–33. 
	21	 Ware J, Kosinski M, Keller SD. SF-12: how to score the sf-12 physical and mental 

health summary scales. Boston, Massachusetts: The Health Institute, 1995: 84.
	22	 Kind AJH, Buckingham WR. Making Neighborhood-Disadvantage Metrics Accessible - 

The Neighborhood Atlas. N Engl J Med 2018;378:2456–8. 
	23	 TA, Mancini AD, Rusch MD, Bonanno GA. Psychopathology and resilience 

following traumatic injury: A latent growth mixture model analysis. Rehabil Psychol 
2010;55:1–11. 

	24	 Harvey AG, Bryant RA. The relationship between acute stress disorder and 
posttraumatic stress disorder: a prospective evaluation of motor vehicle accident 
survivors. J Consult Clin Psychol 1998;66:507–12. 

	25	 Bird CM, Webb EK, Schramm AT, Torres L, Larson C, deRoon-Cassini TA. Racial 
Discrimination is Associated with Acute Posttraumatic Stress Symptoms and Predicts 

Future Posttraumatic Stress Disorder Symptom Severity in Trauma-Exposed Black 
Adults in the United States. J Trauma Stress 2021;34:995–1004. 

	26	 Trevino CM, Cooros JC, Chesney SA, deRoon-Cassini T, Carver TW, Milia DJ. A Call 
to Follow-Up: Results Regarding Trauma Clinic Follow-Up Patterns. J Trauma Nurs 
2019;26:290–6. 

	27	 Hume CH, Mitra B, Wright BJ, Kinsella GJ. Mild Traumatic Brain Injury and Functional 
Outcome in Older Adults: Pain Interference But Not Cognition Mediates the 
Relationship Between Traumatic Injury and Functional Difficulties. J Head Trauma 
Rehabil 2023;38:E278–88. 

	28	 Herrera-Escobar JP, Apoj M, Weed C, Harlow AF, Al Rafai SS, Lilley E, Kasotakis 
G, Brasel K, Kaafarani HMA, Velmahos G, et al. Association of pain after trauma 
with long-term functional and mental health outcomes. J Trauma Acute Care Surg 
2018;85:773–9. 

	29	 Velmahos CS, Herrera-Escobar JP, Al Rafai SS, Chun Fat S, Kaafarani H, Nehra D, 
Kasotakis G, Salim A, Haider AH. It still hurts! Persistent pain and use of pain 
medication one year after injury. Am J Surg 2019;218:864–8. 

	30	 Heins SE, Seelam R, Schell TL, Wong EC. Predictors of Long-Term Opioid Use After 
Hospitalization for Traumatic Injury in a Racially and Ethnically Diverse Population: A 
12-Month Prospective Observational Study. Pain Med 2023;24:122–9. 

	31	 Holmes A, Williamson O, Hogg M, Arnold C, O’Donnell ML. Determinants of chronic 
pain 3 years after moderate or serious injury. Pain Med 2013;14:336–44. 

	32	 Trevino CM, deRoon-Cassini T, Brasel K. Does opiate use in traumatically injured 
individuals worsen pain and psychological outcomes? J Pain 2013;14:424–30. 

	33	 Trevino CM, Hillard CJ, Szabo A, deRoon-Cassini TA. Serum Concentrations of the 
Endocannabinoid, 2-Arachidonoylglycerol, in the Peri-Trauma Period Are Positively 
Associated with Chronic Pain Months Later. Biomedicines 2022;10:1599. 

	34	 Webb EK, Ward RT, Mathew AS, Price M, Weis CN, Trevino CM, deRoon-Cassini TA, 
Larson CL. The role of pain and socioenvironmental factors on posttraumatic stress 
disorder symptoms in traumatically injured adults: A 1-year prospective study.  
J Trauma Stress 2022;35:1142–53. 

	35	 Hooten WM. Chronic Pain and Mental Health Disorders: Shared Neural Mechanisms, 
Epidemiology, and Treatment. Mayo Clin Proc 2016;91:955–70. 

	36	 Kiely JM, Brasel KJ, Guse CE, Weigelt JA. Correlation of SF-12 and SF-36 in a trauma 
population. J Surg Res 2006;132:214–8. 

	37	 Radresa O, Chauny JM, Lavigne G, Piette E, Paquet J, Daoust R. Current views on 
acute to chronic pain transition in post-traumatic patients: risk factors and potential 
for pre-emptive treatments. J Trauma Acute Care Surg 2014;76:1142–50. 

	38	 Herrera-Escobar JP, de Jager E, McCarty JC, Lipsitz S, Haider AH, Salim A, Nehra D. 
Patient-reported Outcomes at 6 to 12 Months Among Survivors of Firearm Injury in 
the United States. Ann Surg 2021;274:e1247–51. 

	39	 Livingston DH, La Bagnara S, Sieck D, Yonclas P, Castellano C, Cho C, Walling PA, 
Mosenthal AC. The Center for Trauma Survivorship: Addressing the great unmet need 
for posttrauma center care. J Trauma Acute Care Surg 2020;89:940–6. 

	40	 Goldstein C, Gore A, La Bagnara S, Jacniacka-Soto IE, Sieck D, Yonclas P, Livingston 
DH. Center for Trauma Survivorship improves postdischarge follow-up and retention.  
J Trauma Acute Care Surg 2022;93:118–23. 

	41	 Henry OS, Batchu S, Lachant J, Armento I, Hunter K, Staffa SJ, Porter J, Egodage T. 
Disadvantaged Neighborhoods Continue to Bear the Burden of Gun Violence. J Surg 
Res 2024;293:396–402. 

	42	 Birur B, Moore NC, Davis LL. An Evidence-Based Review of Early Intervention 
and Prevention of Posttraumatic Stress Disorder. Community Ment Health J 
2017;53:183–201. 

	43	 Roberts NP, Kitchiner NJ, Kenardy J, Lewis CE, Bisson JI. Early psychological 
intervention following recent trauma: A systematic review and meta-analysis. Eur J 
Psychotraumatol 2019;10:1695486. 

	44	 Beard JH, Morrison CN, Jacoby SF, Dong B, Smith R, Sims CA, Wiebe DJ. Quantifying 
Disparities in Urban Firearm Violence by Race and Place in Philadelphia, Pennsylvania: 
A Cartographic Study. Am J Public Health 2017;107:371–3. 

http://dx.doi.org/10.1097/SLA.0000000000003101
http://dx.doi.org/10.7326/M23-0309
http://dx.doi.org/10.1001/jamasurg.2022.8149
http://dx.doi.org/10.1097/TA.0000000000002672
http://dx.doi.org/10.1136/tsaco-2023-001199
http://dx.doi.org/10.1136/tsaco-2023-001199
https://pubmed.ncbi.nlm.nih.gov/8080219
https://pubmed.ncbi.nlm.nih.gov/8080219
http://dx.doi.org/10.1097/TA.0000000000003079
http://dx.doi.org/10.1097/TA.0000000000001306
http://dx.doi.org/10.1097/TA.0000000000001944
http://dx.doi.org/10.1097/TA.0000000000001944
http://dx.doi.org/10.1002/jts.22059
http://dx.doi.org/10.1002/da.22873
http://dx.doi.org/10.1016/j.mcna.2022.04.003
http://dx.doi.org/10.1001/archpsyc.1961.01710120031004
http://dx.doi.org/10.1093/occmed/kqv087
http://dx.doi.org/10.1097/00005650-199603000-00003
http://dx.doi.org/10.1056/NEJMp1802313
http://dx.doi.org/10.1037/a0018601
http://dx.doi.org/10.1037//0022-006x.66.3.507
http://dx.doi.org/10.1002/jts.22670
http://dx.doi.org/10.1097/JTN.0000000000000467
http://dx.doi.org/10.1097/HTR.0000000000000846
http://dx.doi.org/10.1097/HTR.0000000000000846
http://dx.doi.org/10.1097/TA.0000000000002017
http://dx.doi.org/10.1016/j.amjsurg.2019.03.022
http://dx.doi.org/10.1093/pm/pnac147
http://dx.doi.org/10.1111/pme.12034
http://dx.doi.org/10.1016/j.jpain.2012.12.016
http://dx.doi.org/10.3390/biomedicines10071599
http://dx.doi.org/10.1002/jts.22815
http://dx.doi.org/10.1002/jts.22815
http://dx.doi.org/10.1016/j.mayocp.2016.04.029
http://dx.doi.org/10.1016/j.jss.2006.02.004
http://dx.doi.org/10.1097/TA.0000000000000188
http://dx.doi.org/10.1097/SLA.0000000000003797
http://dx.doi.org/10.1097/TA.0000000000002775
http://dx.doi.org/10.1097/TA.0000000000003634
http://dx.doi.org/10.1097/TA.0000000000003634
http://dx.doi.org/10.1016/j.jss.2023.09.002
http://dx.doi.org/10.1016/j.jss.2023.09.002
http://dx.doi.org/10.1007/s10597-016-0047-x
http://dx.doi.org/10.1080/20008198.2019.1695486
http://dx.doi.org/10.1080/20008198.2019.1695486
http://dx.doi.org/10.2105/AJPH.2016.303620

	Firearm injury survivors report extreme high risk for poor physical and mental health outcomes early after hospital discharge necessitating multidisciplinary care
	Abstract
	Introduction﻿﻿
	Methods
	Survey measures
	Brief Pain Inventory (BPI)
	Injured Trauma Survivor Screen (ITSS)
	PTSD Checklist for DSM-5 (PCL-5)
	Beck Depression Inventory (BDI)
	Short Form 12 Survey (SF-12)

	Analysis plan

	Results
	Survey descriptive results
	Association between measures of mental health
	Association between pain scores and mental health measures
	Association between clinical care factors and survey measures
	Association between ADI and survey measures

	Discussion
	References


