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Abstract

Depression and posttraumatic stress (DPTS) are common psychiatric comorbidities following burn 

injury. The purpose of this study was to develop an admission scoring system that assesses the risk 

of development of depression or posttraumatic symptoms in the burn population. This study is a 

retrospective review of the prospectively collected Burn Model System National Database. Adult 

burn survivors enrolled from 2014 to 2018 (n = 486) were included. The primary outcome was 

the presence of DPTS symptoms at 6, 12, or 24 months postinjury. Logistic regression analysis 

was used to identify demographic and clinical predictors of DPTS symptoms. A risk scoring 

system was then created based on assigning point values to relevant predictor factors. The study 

population had a mean age of 46.5 ± 15.8 years, mean burn size of 18.3 ± 19.7%, and was 68.3% 

male. Prior to injury, 71.3% of the population was working, 47.9% were married, and 50.8% had 

completed more than a high school education. An 8-point risk scoring system was developed using 

the following predictors of DPTS symptom development: gender, psychiatric treatment in the past 

year, graft size, head/neck graft, etiology of injury, and education level. This study is the first to 

develop a DPTS symptom risk scoring system for burn injury. This scoring system will aid in 
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identifying burn survivors at high risk of long-term psychiatric symptoms that may be used to 

improve screening, monitoring, timely diagnosis, and interventions.

Posttraumatic stress (PTS) and depression are prevalent globally, with 5.6% of the 

population reporting PTS symptoms following a traumatic event and a depression 

prevalence of 4.4%.1,2 Psychiatric morbidity is common following burn injury with 9% 

to 45% of survivors reporting PTS symptoms and 34% reporting depression symptoms 

in the year following injury.3–6 Compared to the general population, burn survivors 

experience 7-fold higher rates of mental health-related emergency department visits after 

injury.7 Among traumatic injury populations, nearly 20% reported depression and/or PTS 

symptoms at 1-year postinjury, indicating that burn survivors experience higher rates of 

psychiatric morbidity than the overall traumatic injury population.8 The previously described 

overrepresentation of psychiatric morbidity among burn survivors compared to the general 

population may be attributed to higher prevalence of premorbid psychiatric issues among 

burn survivors.3,9 Additional common comorbidities following burn injury including long-

term pain, physical impairment, and life-threat perception which have also been shown to be 

contributors to long-term PTS symptoms and depression.3,6,9–12

Previous studies have highlighted the increased impact of emotional trauma following 

burn injuries on quality of life, PTS, and depression outcomes compared to the physical 

injury.13 In the burn population, changes in self-image have a stronger correlation than 

changes in appearance on development of PTS.14 Similarly, survivor-specific qualities like 

personality traits and attribution of blame are associated with the development of PTS 

symptoms and depression following burn injury.15,16 Pain, a common postburn symptom, is 

another significant predictor of PTS and depression symptom development.5,6 There is no 

association between age and PTS or depression symptoms in the burn population. Similar 

to the general population, women are at higher risk of symptom development as compared 

to men.5,15,17,18 A relationship between burn size and postburn psychological symptoms 

has limited evidence, signifying the importance of determining other important predictors of 

psychological sequelae in the burn population.5,15

Psychological symptoms including PTS and depression have an economic and functional 

cost associated with them. Both depression and PTS introduce an economic burden to 

the survivor, family, and healthcare system due to changes in employment and treatment 

costs.19,20 Additionally, psychological symptoms are associated with reduced earnings and 

lower rates of employment.21,22 Functionally, both PTS and depression are associated with 

decreased physical functioning and increased fatigue and pain following burn injury.23,24 

In the general population, PTS is associated with physical morbidities such as hypertension 

and cardiovascular disease, among others, as well as decreased health-related quality of 

life.25 Similarly, depression is associated with increased mortality and decreased quality of 

life.26,27 The significant contributions of PTS and depression to economic and functional 

outcomes signify the importance of early detection and timely treatment.

Scoring systems have been created that assess risk of substance misuse, appearance 

concerns, hospital readmission, and heterotopic ossification following burn injury.28–31 

Screening tools and risk scoring systems have been used successfully in burn care to better 
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understand recovery trajectories and risk-stratify potential injury-related complications.28–31 

Early intervention reduces rates of PTS and depression as well as symptom recurrence.32–34 

Given the prevalence of psychological symptoms in the burn population and associated and 

negative outcomes, there is a need to develop a standardized mental health risk assessment 

in this population. The purpose of this study is to develop such a risk scoring system 

to identify burn survivors at time of hospital admission at risk of developing PTS or 

depression symptoms. At time of hospital admission, many burn survivors are unable to 

directly communicate or participate in their care plan. The development of this tool will use 

demographic and clinical characteristics known at admission to identify a subgroup of the 

burn population that may benefit from early interventions.

METHODS

Database

This study utilizes data from the Burn Model Systems (BMS) National Database. The BMS 

Database is a multicenter, longitudinal database created in 1993 as a means of exploring 

the long-term psychosocial outcomes of burn survivors, and is funded by the National 

Institute on Disability, Independent Living, and Rehabilitation Research. The BMS National 

Database is a centralized database that utilizes REDCap electronic data capture tools and is 

housed at the BMS National Data and Statistical Center at the University of Washington.35 

Modifications have been made to inclusion criteria over time. Details regarding inclusion 

criteria, data collection, and data sites can be found at http://burndata.washington.edu.36 Six 

burn centers have contributed to the database since its creation.35 Demographic and clinical 

data are collected at time of discharge from the acute care hospital. For the purposes of this 

study, outcomes are examined at 6 ± 2, 12 ± 3, and 24 ± 6 months postinjury. Informed 

consent is obtained from all participants and each site’s Institutional Review Board oversees 

data collection. According to current BMS database enrollment criteria, participants who 

were burned between 2014 and 2018, alive at discharge, required autografting surgery for 

wound closure, consented, and met one of the following criteria were included in the study:

1. 18 to 64 years of age with a burn injury ≥20% total body surface area OR

2. ≥65 years of age with a burn injury ≥10% total body surface area OR

3. ≥18 years of age with a burn injury to their face/neck, hands, or feet OR

4. ≥18 years of age with a high-voltage electrical burn injury.

Prior to 2014, the current instruments used for DPTS were not collected. Our sample was 

further refined to only include subjects with outcome data on depression and PTSD during 

the data collection time period.

Demographic and Clinical Variables

Demographic and clinical variables of the study population available at time of admission to 

the hospital were examined. Demographic data included age, gender, race, ethnicity, marital 

status, education level, and preinjury employment status. The BMS National Database 

uses medical record abstraction to collect the variable “Gender” with response options of 

male and female (although the term “sex” is consistent with established data standards, 
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this manuscript uses the term “gender” to be consistent with the language used in the 

database).37 Clinical characteristics included burn size, TBSA grafted, history of psychiatric 

treatment in the past year, head or neck burn, head or neck graft, inhalation injury, etiology 

of injury, and circumstances of injury. While grafting is not always performed upon 

admission, TBSA grafted was used as a surrogate for the presence of full or deep-partial 

thickness injury. The authors determined that a trained burn surgeon would be able to 

estimate the need for autografting at admission. The outcome is the presence of depression 

and/or PTS symptoms (referred to as DPTS for the purposes of this manuscript) at 6, 12, 

or 24 months after injury. Evidence-based cutoff values for the Patient-Reported Outcomes 

Measurement Information System (PROMIS) depression scale (≥60) and Patient Civilian 

Checklist (≥50) were used to identify clinically significant depression and PTS symptoms, 

respectively.38,39 The PROMIS depression scale is one of three PROMIS negative affect 

item banks using a 7-day time frame and a 5-point Likert rating scale that ranges from 1 

(“Never”) to 5 (“Always”).40 The Patient Civilian Checklist is a 17-item self-report measure 

with responses ranging from 1 (“Not at all”) to 5 (“Extremely”).41 Higher scores on both 

measures are associated with worse symptoms of depression or posttraumatic stress (DPTS). 

Both instruments are reliable and valid.40,41

Data Analysis

Descriptive statistics were calculated for demographic and clinical characteristics, using 

t-tests for quantitative variables and chi-square tests for categorical variables (Table 1). 

Logistic regression models were used to identify statistically significant demographic and 

clinical predictors of Depression or PTS symptoms at 6, 12, or 24 months postinjury (Table 

2). Multiple imputation was utilized to account for missing data.42 The imputation models 

included all variables to be considered in the analysis and estimates from 50 datasets were 

combined using Rubin’s rules.43 The results of those models were checked using standard 

diagnostics.44 A P value less than .05 was considered statistically significant. Three overall 

criteria were used to assess the model: discrimination (c-statistic), calibration (calibration 

plot), and internal validity (bootstrapped 200 samples for each of the 50 imputed datasets for 

a total of 10,000 bootstrap samples).45–47

Risk Scoring System Development

A point system for determining risk of DPTS symptoms at 6, 12, or 24 months after injury 

was calculated using the demographic and clinical variables described above. This system 

was modeled after the Framingham Heart Study methodology.48 This methodology has also 

been used to develop risk calculators for other burn outcomes.28,49 The risk scoring system 

was constructed as follows: 1) the model was estimated; 2) risk factors were organized into 

categories and reference values were chosen; 3) reference risk factor profile is determined 

based on risk factor organization and reference values; 4) determine the distance from each 

category to the base; 5) constants are set; 6) determine the number of points associated with 

each category; 7) determine risks associated with point totals. This results in an admission 

risk scoring system for development of DPTS symptoms at 6, 12, or 24 months postinjury in 

the burn population.
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RESULTS

Demographic and Clinical Characteristics

A total of 8012 subjects were eligible for the study based on BMS database criteria. Of 

these, 3684 subjects were excluded based on underage, not alive at discharge, and no 

consent. An additional 3842 subjects were excluded for not having outcome data within the 

collection window, leaving a sample of 486 subjects. Final sample included 486 subjects, 

of which 388 did not have any missing outcome data and the characteristics of this sample 

are detailed in Table 1. For regression analyses, due to multiple imputation methods, all 

486 subjects were included (Figure 1). The population had a mean age of 46.5 ± 15.8 

years, mean burn size of 18.3 ± 19.7%, and was 68.3% male. Prior to injury, 71.3% of the 

population was working, 47.9% were married, and 50.8% had completed more than a high 

school education. Further details on the demographic and clinical makeup of the population 

can be found in Table 1. The following variables were missing more than 5% of data: 

highest level of education completed (24.1%); preinjury marital status (20.2%); psychiatric 

treatment in the past year (9.7%); preinjury employment status (8.2%).

Data Analysis

Regression analyses showed an increased odds of development of DPTS symptoms is 

significantly associated with female gender, graft size, head/neck graft, psychiatric treatment 

in the past year, electrical injury, and having less than a high school education. Women 

were approximately two times as likely as men to develop DPTS symptoms (odd ratio [OR] 

2.03; P = .006). For every 1% increase in graft size there is a 2% increase in the odds of 

developing DPTS symptoms (OR 1.02; P = .007). Graft size was not dichotomized and is 

the percentage of TBSA that was grafted. Therefore, the OR represents each one percentage 

point change in graft size. Grafts to the head/neck and psychiatric treatment in the past 

year were associated with 2.5 and 2.2 times the odds of developing DPTS symptoms, 

respectively. Regarding etiology of injury, those with an electrical injury exhibited four 

times the odds of developing DPTS symptoms. Further, those with more than a high school 

education were 0.53 times the odds of developing DPTS symptoms (Table 2).

Risk Score System Development

Based on the predictors, the DPTS symptom risk scoring system was developed (Table 3). 

The scoring system includes six variables: gender, psychiatric treatment in the past year, 

graft size, head/neck graft, etiology of injury, and education level. The model’s c-statistic 

is 0.73. A box and whiskers plot of the predicted probability of DPTS symptoms for each 

risk score is shown (Figure 2). The risk scoring system demonstrates graphical evidence of 

validity in predicting DPTS symptoms at 1 year with higher points associated with higher 

risk.

DISCUSSION

This paper is the first to create a burn-specific DPTS symptom risk scoring system at time 

of hospital presentation. Gender, education level, previous psychiatric treatment, graft size, 

wound closure requiring skin grafts, and mechanism of burn injury are significant predictors 
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of DPTS symptom development. This scoring system will aid in identifying those at high 

risk of developing DPTS symptoms following burn injury, which may lead to implementing 

early interventions, prophylactic treatments, and can guide future studies.

There is a compelling need for a tool that assesses the risk for development of DPTS 

symptoms following a burn injury given the limits of classic screening instruments 

in this population. Inpatient risk assessment in those exposed to trauma provides an 

opportunity to identify those at risk of DPTS symptom development, rather than waiting 

for symptomology to present following discharge. Screening patients early in hospital 

admission is feasible.50–53 Screening instruments include the Patient Health Questionnaire 

9-item (Ref), Beck Depression Inventory, Hospital Anxiety and Depression Scale, or 

Symptom Checklist-90 for depression and the Screen for Posttraumatic Stress Symptoms, 

Self-Rating Scale for Posttraumatic Stress Disorder, Post Traumatic Stress Scale 5-item, 

or the Patient Civilian Checklist for PTS, among others.54,55 However, because burn 

survivors are often admitted to the intensive care unit and are chemically sedated, or 

experience delirium, the use of these patient-administered instruments during much of their 

hospitalization is not possible. A risk calculator that can be administered with admission 

characteristics, severity of burn, and collateral information from family and friends is 

particularly relevant in the burn survivor population.

Early intervention is a key component in treating DPTS symptoms. Many burn survivors 

experience some form of DPTS following injury, therefore the burn population is especially 

in need of a tool to more accurately identify and target those with clinically significant 

symptoms in order to target intervention.56 A systematic review of early intervention 

following traumatic injury found cognitive-behavioral therapy-based treatment to be the 

most effective treatment for DPTS symptoms, though any intervention in conjunction 

with collaborative care had a significant impact on the population.57 A treatment protocol 

utilizing cognitive-behavioral therapy for DPTS symptoms has shown promise in the burn 

population.58 Zatzick et al described the feasibility of early mental health interventions 

in trauma populations, though noted that treatment plans require further delineation.59 

Therefore, use of a risk identifying tool will aid clinicians in targeting treatment for burn 

survivors most in need.5

Risk scoring systems provide an opportunity to identify portions of a population that may 

require additional screening, treatment, and potential prophylaxis. Scoring systems are often 

used in critical care and clinical trial settings to assess for risk and severity of disease, 

respectively.60 Other risk scoring systems developed within the burn population include 

the Heterotopic Ossification Calculator and the Re-Admission Risk Calculator.28,29 The 

Heterotopic Ossification Calculator identifies subpopulations of burn survivors at risk of 

a rare and debilitating complication, providing the opportunity to intervene early. The 

Re-Admission Calculator can be used to identify those at high risk of readmission to acute 

care from a rehabilitation setting.13,14 Risk scoring systems have demonstrated clinical 

efficacy, with the Framingham Heart Study generating a risk assessment for heart disease 

over a predetermined period and serving as a guiding instrument in clinician treatment 

guidelines.61,62 The benefits of scoring systems include additional screening, monitoring, 

and timely diagnosis and intervention for at risk populations.
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This risk scoring tool also fits into the goals and guidelines of providing trauma-informed 

care and could be used in identifying which patients may need additional psychoeducational 

and psychosocial support.63,64 The core philosophy of trauma-informed care includes an 

understanding that many people enter the medical setting with a history of past traumas 

that potentially make them more vulnerable to the stress of medical treatment, and that the 

medical setting itself can be perceived as threatening. This situation can put patients at risk 

for the development of new traumatic stress symptoms or trigger preexisting symptoms. 

The nature of burn care is particularly threatening with ongoing painful procedures, long 

hospitalizations, and large and rotating medical teams. Within trauma-informed care, there is 

an acknowledgment that care is patient centered and that each patient is an active participant 

in their care in order to make the environment less threatening. Goals of care in a trauma-

informed approach also include early identification of those most at risk for acute stress and 

having mental health services available for more intensive intervention.

The National Center for Traumatic Stress has outlined a psychosocial preventative health 

model (2011 Center for Pediatric Traumatic Stress) that identifies three phases of care 

and a stepped approach to treatment. The first step acknowledges that the majority of 

patients may experience some challenges during hospitalization, but they are overall resilient 

and have good coping strategies, resources, and support coming into the hospital. The 

intervention goal is to prevent secondary trauma of the healthcare setting by engaging in 

trauma-informed care practices that include providing universal education about normative 

responses to trauma as well as comfort and basic assistance to support their individual 

coping strategies. The second step consists of identifying those patients who have an acute 

stress reaction or exacerbated distress during medical procedures and established risk factors 

indicating potential for long-term difficulties. This group will need more immediate and 

targeted interventions to address emotional distress and promote adaptive coping strategies 

for the medical environment. Hospital mental health services should be involved at this 

stage. The third step includes those who have preexisting risk factors, who have an acute 

stress reaction and are experiencing persistent and/or escalating distress impacting their 

ability to function. These patients may have other struggles that are impacting natural 

coping resources, such as depression, grief, anxiety, anger, and substance abuse; they 

will need more intensive and ongoing care by the hospital mental health providers and 

continued mental health services once discharged. While trauma-informed care practices 

should continue for all patients in the outpatient burn clinic setting, the risk stratification 

score can identify which patients might benefit from early intervention (steps 2 and 3).65 

This study has purposefully not identified specific cutoff values for the risk scoring system, 

as the nature and risk of different interventions should determine the corresponding cut 

point(s). Further research on interventions is necessary to determine these cut points.

This study has several limitations to consider. The authors combined depression and PTS 

into one model given the size of the dataset, similarity of treatment approaches, and because 

risk assessment serves as the first step in identifying populations with a potential need. 

Some variables, such as amputation, were not included in the analysis due to limitations 

of the BMS database in terms of how variables were coded and variable inclusion. The 

authors are unable to perform an external validation given the lack of an additional dataset 

that is publicly accessible and uses the same outcomes measures in a burn population, 
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therefore internal validation was used for this model. Cutoff values in outcome measures 

were used in this study to assess clinically significant symptoms, but do not necessarily 

represent a diagnosis of major depressive disorder or posttraumatic stress disorder. This risk 

scoring system provides a risk assessment and should be used in conjunction with rigorous 

clinical assessment to determine appropriate interventions. Lastly, risk factors included in 

the calculator were limited to demographic and clinical characteristics available in the 

BMS Database; however, characteristics were chosen based on previous research identifying 

predictors of DPTS symptoms. When assessing patients clinically, risk factors for DPTS 

symptoms not found in this dataset, such as family history, prior diagnosed mental disorder, 

and others, should also be considered.66,67 As integrated healthcare systems, the Burn Model 

System Centers may have additional resources that are not representative of national burn 

centers, and therefore the results of the study may underrepresent DPTS symptoms of 

the national sample. Additionally, due to the database inclusion criteria, the study sample 

is biased toward a more severely injured population. However, the Burn Model System 

Database has been shown to be representative of the national burn population.68

This study created an 8-point risk scoring system that stratifies burn patients by risk of 

DPTS symptom development at time of hospital admission. This risk scoring system may 

assist in providing burn survivors with early targeted interventions. Additionally, future 

research may aid in determining clinical cut points for this risk calculator and further 

validate the tool utilizing postinjury psychiatric diagnostic evaluations.
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Figure 1. 
Sample size determination. Flow diagram depicting the selection of study participants. 

Participants were selected from those eligible for the Burn Model System Longitudinal 

Database (n = 8012) and further reduced based on the indicated inclusion and exclusion 

criteria. *Final sample included 486 subjects, of which 388 did not have any missing 

outcome data and the characteristics of this sample are detailed in Table 1. For regression 

analyses, due to multiple imputation methods, all 486 subjects were included.
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Figure 2. 
Risk of developing depression and/or posttraumatic stress symptoms by risk score. The 

x-axis is each possible point sum with the count for each point sum below it. The bar in 

the middle of each box represents the median predicted risk, and the top and bottom of the 

box are the 75th and 25th percentiles of the distribution, respectively. The whiskers cover 1.5 

times the difference between the 25th and 75th percentiles, and the dots represent values that 

are outside of this range. The horizontal line indicates the prevalence of depression and/or 

posttraumatic stress symptoms among the study population (26.6%).
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Table 2.

Logistic regression examining predictors of development of depression and/or posttraumatic stress symptoms

Variable Odds Ratio P Confidence Interval

Female 2.03 .006 1.23 3.37

Graft size 1.02 .007 1.01 1.03

Head/neck graft 2.54 .007 1.29 5.00

Psychiatric treatment 2.19 .016 1.16 4.13

Electrical injury 3.99 .003 1.60 9.93

More than high school education 0.53 .026 0.30 0.93
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Table 3.

Admission scoring system for assessing depression and/or posttraumatic stress symptom risk

Indicator Points

Gender

 Male 0

 Female 1

Graft size

 0%–30% 0

 31%–60% 1

 >60% 2

Head/neck graft

 No 0

 Yes 1

Psychiatric treatment in the past year

 No 0

 Yes 1

Etiology of injury

 Fire/flame 0

 Other 0

 Electrical 2

Education level

 Greater than high school 0

 High school or less 1

Points are added to produce a final risk score.
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