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Abstract

Introduction: Burns are associated with a high risk of developing comorbidities, including psychiatric disorders
such as Post-Traumatic Stress Disorder (PTSD). This study aimed to evaluate the association between PTSD
and opioid use, chronic pain syndrome, and other outcomes following burn injuries.

Methods: A retrospective case-control analysis was conducted using the TriNetX database, a federated, de-iden-
tified national health research network with 92 healthcare organizations across the United States. Burn patients
with and without PTSD were identified andmatched based on demographics and injury severity. The likelihood of
opioid use and other outcomes, including chronic pain, depression, anxiety, and emergency department visits,
were compared between cohorts. Our study examined eight cohorts based on the percentage of total body
surface area burned (TBSA%) and the presence or absence of PTSD. These cohorts were stratified as follows:
patients with or without PTSD with TBSA, 1–19%, 20–39%, 40–59%, and 60+%. This stratification enabled a
detailed comparison of outcomes across different levels of burn severity and the presence of PTSD, providing
a comprehensive context for the results.

Results: The mean age of patients with PTSD was slightly higher (46± 16 years) than that of those without PTSD
(43± 23 years). Incidence of PTSD ranged from 4.96 to 12.26%, differing by percentage of total body surface area
burned (TBSA%). Significant differences in various complications and comorbidities were observed between
patients with and without PTSD within each burn severity cohort. Compared to the patients without PTSD,
patients with PTSD had a significantly higher risk of opioid use in all cohorts: TBSA 1–19%, 20–39%, 40–59%,
and 60+%.

Conclusion: PTSD is associated with a significant increased likelihood of adverse outcomes following severe burns,
particularly opioid use, chronic pain, psychological disorders, and higher healthcare utilization. These findings
underscore the importance of identifying PTSD in burn patient management and highlight the need for
further research into postoperative pain management strategies for this vulnerable population. Psychological
assessments and cognitive behavioral therapy may be particularly useful.

Keywords
Burns, post-traumatic stress disorder, opioid use, mental health

1John Sealy School of Medicine, University of Texas Medical Branch, Galveston, Texas, USA
2Department of Family Medicine, University of Texas Medical Branch John Sealy Hospital, Galveston, Texas, USA

Corresponding author:
Wei-Chen Lee, Department of Family Medicine, University of Texas Medical Branch, 301 University Boulevard, Galveston, Texas 77555-1123, USA.
Email: weilee@utmb.edu

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Research Article

Scars, Burns & Healing
Volume 10: 1–11
DOI: 10.1177/20595131241288298
Article reuse guidelines:
sagepub.com/journals-permissions
© The Author(s) 2024
journals.sagepub.com/home/sbh

https://orcid.org/0009-0001-4785-2011
https://orcid.org/0009-0008-8776-5941
mailto:weilee@utmb.edu
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/sbh


Lay Summary

Burn injuries can cause serious problems like infections and organ failure, and they sometimes lead to
death. Severe burns affect about 4.4% of all burn cases and can be deadly in nearly 18% of those cases.
They cause inflammation that can lead to long-term heart, metabolism, and thinking problems. These injur-
ies can also cause mental health issues like PTSD (Post-Traumatic Stress Disorder).

PTSD means people might relive their trauma through bad memories or nightmares, avoid thinking about
it, and feel different emotions for at least a month after it happens. People who survive burns often get PTSD
because the injury is so traumatic and takes a long time to heal. Between 2% and 30% of burn survivors
might feel very stressed soon after, and up to 40% could have PTSD within six months.

People with PTSD from burns often also have depression and anxiety because recovering and going back to
normal life is tough. Doctors often give strong painkillers called opioids to burn patients, but they can be
very addictive. People with PTSD and opioid problems often also have other mental health issues. A
study in 2023 found that 80% of burn patients with opioid problems also had other mental health problems.
This shows how important it is to treat pain and mental health carefully in burn survivors.

This study looks at how PTSD affects opioid use in people with burns. It uses data from many hospitals to see
if PTSD makes pain worse and makes people use more opioids after surgery. Learning about this can help
doctors find better treatments and stop people from using opioids too much if they have PTSD from a burn.

Introduction

A burn is a traumatic injury to either skin or
organic tissue from thermal agents. When the
injury covers 20% or more of the total body
surface area (TBSA), it is associated with a
greater potential of developing wound sepsis,
multiorgan dysfunction, and death.1 According
to the Healthcare Cost and Utilization Project
(HCUP) National Inpatient Sample (NIS) in the
United States, severe burns represented 4.4% of
all burn admissions, with a mortality rate of
about 17.8%. Severe burns are associated with
increased inflammation that can cause prolonged
cardiac dysfunction and affect both metabolic
and catabolic mechanisms within the body. This
chronic inflammatory process alters the blood
brain barrier, contributing to cognitive impair-
ment and structural alterations within the brain.
These biological changes, alongside numerous
psychological factors, can contribute to the devel-
opment of psychiatric disorders following
trauma.2 Although medical burn care has signifi-
cantly improved, reducing both deaths and hospi-
talizations related to burn injuries, such patients
require holistic treatment to address the physical,
psychological, and social results of their burn
injuries.1,3

The Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) charac-
terizes Post-Traumatic Stress Disorder (PTSD) as a

psychiatric condition consisting of intrusive thoughts,
avoidant behaviors, and negative effects in both cog-
nition and mood for at least one month.2 It can
develop after an individual experiences or witnesses
a life-threatening and traumatic event. Burn injuries
can be very distressing due to the nature of the injury,
lengthy treatment course, extended period of hospi-
talization, follow-up care, and irreversible damage
leading to body dissatisfaction and appearance con-
cerns.4 Studies have shown that the development of
both PTSD and pain in burn survivors arise due to
increased levels of cortisol, pro-inflammatory cyto-
kines, and fatigue.5 Psychological factors such as the
trauma of the injury itself, the emotional stress of pro-
longed treatment, the impact on body image, and the
social isolation during recovery also play significant
roles.6,7 These elements of negative thought patterns,
mood disturbances, and metabolic imbalances may
persist during treatment or for months afterwards.8

Approximately 2–30% of burn survivors will go
on to develop acute stress disorder, with 40% of
survivors developing PTSD three to six months
post-burn injury.7 PTSD also shares comorbidity
with many other mood disorders and psychiatric
illnesses.9 Evidence suggests that patients with
PTSD are more likely to have depression and
anxiety than those without it.2 Burn survivors can
develop depression due to the delay in returning
to their normal life activities, experience anxiety
about how they may be perceived regarding their
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injuries, and risk re-experiencing the traumatic
event in similar situations.10–14 The presence of
these comorbidities is influenced by factors such
as personality characteristics, coping mechanisms,
social support, premorbid psychopathology, as
well as demographic and social factors.3

Opioids are common analgesics used to treat
various categories of pain within hospitals and
clinics. They are often used in burn pain manage-
ment in all phases of care such as in intensive care
units, perioperative periods, and outpatient set-
tings.15 Although opioids are quite effective in
reducing pain, they also risk addiction, misuse,
and dependence as well.16 Like depression and
anxiety, PTSD is also highly comorbid with sub-
stance use disorders, with burn patients at an
increased risk for developing psychiatric illnesses
and substance abuse compared to the general
population.4,15 A retrospective study conducted in
2023 evaluated the risk of developing a mental
health or psychiatric illness in severe burn patients
diagnosed with opioid use disorder.
Approximately 80% of burn patients with opioid
disorder also had a mental health disorder, with
30% diagnosed with substance abuse disorder.15

This result establishes the risk of developing an
opioid use disorder in burn patients experiencing
pain, even without the presence of psychiatric
illness. This study sought to quantify the association
of PTSD and increased opioid usage and chronic
pain syndrome in severe burn patients using a
multi-institutional database (TriNetX). The
authors hypothesized that severe burn patients
with PTSD will have increased risk of chronic pain
syndrome, demonstrated through increased
opioid use. Additionally, the authors posited that
the presence of PTSD would be associated with an
increased risk of complications, compared to burn
patients without PTSD. The results of our study
may be vital in assessing PTSD as a potential risk
factor for opioid misuse in burn patients.

Methods

Data source

A retrospective case-control analysis was con-
ducted using the TriNetX Research Diamond
Network to identify patients who had undergone
severe burns, as defined by specific International
Classification of Diseases (ICD) codes. At the time
of the study (2 May 2024), the TriNetX Research
Diamond Network included 92 healthcare orga-
nizations in the United States and more than
213.1 million patients. TriNetX offers access to
deidentified patient data extracted from electronic

medical records, including information from
inpatient visits, outpatient visits, and pharmacy
records. This study was deemed exempt by the
Institutional ReviewBoard (IRB) because it is an ana-
lysis of secondary data without individual identifiers.

Inclusion criteria

Two distinct cohorts were established for this
study: Cohort A (control group), comprising
burned patients without PTSD, and Cohort B
(case group), consisting of burned patients diag-
nosed with PTSD (ICD 10 code: F43.1). PTSD
diagnosis required symptoms meeting diagnostic
criteria continuing for at least one month follow-
ing a burn injury, as per DSM-5 guidelines. As a
result, we set the index time of incidence to at
least one-month post-burn injury. Both cohorts
were stratified based on the severity of the injury
by the percent of total body surface area burned
(TBSA%) (ICD code T31), resulting in the forma-
tion of eight distinct groups of burn patients
without (A) and with (B) PTSD : 1–19%TBSA
(1A and 1B) (ICD code T31.0 - T31.1), 20–39%
TBSA (2A and 2B) (T31.2-T31.3), 40–59% TBSA
(3A and 3B) (T31.4-T31.5), and 60+% TBSA (4A
and 4B) (T31.6 - T31.9). Next, we conducted pro-
pensity score matching methods to match those in
Cohort A with those in Cohort B based on the fol-
lowing criteria: age at time of burn, injury severity,
gender, race, ethnicity, opioid use before PTSD
onset, diabetes mellitus, alcohol use disorder, nico-
tine dependence, major depressive disorder, and
general anxiety disorder. Figure 1 provides a flow
diagram outlining the process of producing the
TriNetX database for our study.

Variables

The main aim of this research was to compare the
likelihood of opioid use within 60 days following a
severe burn injury among patients diagnosed with
PTSD (Cohort B) with those without PTSD
(Cohort A). Opioid use risk was operationalized
in this study by the issuance of an opioid prescrip-
tion. Additionally, our study examined five other
burn-related and PTSD-related outcomes: the like-
lihood of developing chronic pain syndrome (ICD
code G89.4), depression (ICD code F32), anxiety
(ICD code F40-F48), and emergency department
presentation (Current Procedural Terminology
code 1013711). Additional comorbidities were
included in our study based on previous studies
of burn injury patients with PTSD (anxiety, depres-
sion, emergency department presentations, and
chronic pain syndrome).17,18
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Statistical analysis

Data analysis was conducted using TriNetX software
(TRINETX, LLC, Cambridge, MA), which employs
JAVA, R, and Python programming languages.
Measures of association, such as risk ratios, risk differ-
ences with t-tests, and odds ratios, were computed,
each accompanied by its respective 95% confidence
interval (CI). Online Supplementary Tables were
generated using Microsoft Excel (Microsoft
Corporation, Redmond, WA). Statistical significance
was deemed as p<0.05.

Results

A total of 333,013 burn patients without the diag-
nosis of PTSD in 92 healthcare organizations
(HCOs) were identified, with a mean age of 43

± 23 years. Concurrently, a total of 16,974 burn
patients with the diagnosis of PTSD across 92
HCOs were identified, with a mean age of 46±
16 years. After matching, cohorts consisting of
those with 1–19% TBSA (cohorts mild burns
with and without PTSD) each contained 15,966
patients; 20–39% TBSA (cohorts moderate
burns with and without PTSD) each contained
810 patients; 40–59% TBSA (cohorts severe
burns with and without PTSD) each contained
378 patients; and 60+% TBSA (cohorts critical
burns with and without PTSD) each contained
333 patients. Mild burns without PTSD and mild
burns with PTSD had 306,068 and 16,004
patients, respectively, with an incidence of PTSD
of 4.96%.

Moderate burns without PTSD and moderate
burns with PTSD had 8719 and 829 patients,

Figure 1. Flow diagram of the outcomes analyzed in burn patients by presence of Post-Traumatic Stress Disorder (PTSD),
stratified by percentage of total body surface area burned (TBSA%).
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respectively, with an incidence of PTSD of 8.68%.
Severe burns without PTSD and severe burns with
PTSD had 2806 and 392 patients, respectively,
with an incidence of PTSD of 12.26%. Lastly, crit-
ical burns without PTSD and critical burns with
PTSD Cohorts had 2878 and 349 patients,
respectively, with an incidence of PTSD of
10.81%. Demographics of each cohort after
matching is outlined in Table 1.

Table 2a provides the comparison of likeli-
hood of having complications and comorbidities
between the case and control groups with lower
burn severity (1–19% and 20–39% TBSA). In
mild burns with PTSD (1–19% TBSA), there
were significantly elevated rates of opioid use
(20.6% vs. 17.6%), chronic pain syndromes
(2.8% vs. 1.647%), depression (14.9% vs. 6.7%),
anxiety (41.7% vs. 10.8%), emergency department
visits (31.4% vs. 24.5%), and mortality (1.058% vs.
0.676%) compared to mild burns without PTSD,
respectively (p< 0.05). In moderate burns with
PTSD (20–39% TBSA), there were significantly
higher rates of opioid use (24.3% vs. 18.9%),
chronic pain syndromes (4.2% vs. 1.2%), depres-
sion (11.5% vs. 5.3%), anxiety (43.8% vs. 7.4%),
and emergency department visits (19.0% vs.
13.3%) compared to moderate burns without
PTSD (p< 0.05). Additionally, moderate burns
with PTSD had a higher risk for mortality (1.9%
vs. 1.6%), however, it was not deemed significant
(p=0.5740).

Table 2b shows the relative likelihood of
having complications and comorbidities
between the case and control groups with
higher burn severity (40–59% and 60+%
TBSA). In severe burns with PTSD (40–59%
TBSA), there were significantly higher rates of
opioid use (19.3% vs. 18.8%), depression
(17.5% vs. 4.8%), anxiety (43.4% vs. 6.9%), and
emergency department visits (15.9% vs. 9.3%)
compared to severe burns without PTSD (p <
0.05). Additionally, severe burns with PTSD had
a higher risk for chronic pain syndrome (4.8%
vs. 2.6%), however, it was not deemed significant
(p= 0.1234). In critical burns with PTSD (60%+
TBSA), there were significantly higher rates of
opioid use (46.2% vs. 18.3%), chronic pain syn-
dromes (6.9% vs. 3.0%), depression (17.1% vs.
3.9%), anxiety (40.8% vs. 10.8%), and emergency
department visits (19.2% vs. 9.6%) compared to
critical burns without PTSD (p < 0.05).

Discussion

This retrospective national database analysis pre-
sents a novel examination of burn-related

comorbidities associated with PTSD, particularly
those related to chronic pain/opioid use and
other mental health problems. Our study sought
to quantify the association of PTSD and increased
opioid usage and chronic pain syndrome in
severe burn patients using a multi-institutional
database (TriNetX). We hypothesized that
severe burn patients with PTSD would have an
increased risk of chronic pain syndrome, demon-
strated through increased opioid use.
Additionally, we posited that the presence of
PTSD would be associated with an increased risk
of complications compared to burn patients
without PTSD. Our results mostly support these
hypotheses. Significant differences in various
complications and comorbidities were observed
between patients with and without PTSD within
each burn severity cohort. All patients in each
cohort with PTSD had a significantly higher risk
of opioid use and chronic pain syndrome than
their corresponding patient without PTSD
cohort. Interestingly, only patients in the 60%+
TBSA cohort had a markedly higher risk ratio of
opioid use compared to all other cohorts. This
finding suggests that due to the range of TBSA
% in those categorized as ‘severe’, further stratifi-
cation in injury severity may be warranted.

Previous studies of PTSD have highlighted an
elevated prevalence and response to pain within
burn injury patients.19 Studies have demonstrated
not only a higher incidence of chronic pain in
those with PTSD but also a heightened percep-
tion of pain compared to healthy individuals.20,21

With a heightened perception of pain, individuals
with various psychological conditions such as
PTSD, depression, anxiety, or difficulties coping
with pain were significantly more likely to use
opioids one to two months after surgery.22–24

Catastrophic thinking, a cognitive style character-
ized by an exaggerated negative mindset about
pain and its consequences, has been shown to
exacerbate pain perception and contribute to
chronic pain.25 These findings provide potential
insight into why there is a significantly increased
likelihood of using opioids in patients with
PTSD across all cohorts.

PTSD and chronic pain syndrome frequently
co-occur and have been shown to work synergis-
tically in trauma victims, leading to greater indi-
vidual effects compared to when either
condition presents alone.26 This effect supports
our study’s findings that the risk of developing
chronic pain syndrome is increased with
comorbid PTSD and highlights the need for
studies further elucidating observed relationship
between comorbid PTSD and chronic pain
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syndrome to mitigate their combined effects.
Understanding this relationship is crucial for
developing interventions that address both condi-
tions simultaneously.

Although burns are traumatic, few studies
have examined PTSD as a surgical comorbidity.
One study conducted using the TriNetX database
found that the presence of PTSD following burns
increased the risk of morbidity, calling for early
screening and preventative care in burn patients
with comorbid PTSD in order to reduce morbid-
ity.2 Our study adds to the existing literature by
further investigating the effect of PTSD in
severe burn patients, specifically its link to
opioid use in affected patient populations. As
one of the mainstays of analgesia in the treatment
of severe burns, opioids unfortunately are prone
to abuse and come with an array of unwanted
side effects, such as nausea, respiratory depres-
sion, and delirium.27 Our study found that all
PTSD cohorts had an increased risk of opioid
use compared to the patients without PTSD in
counterpart cohorts, a finding supported by
studies associating PTSD and opioid depend-
ence.28,29 The traditional medical model
assumes a direct correlation between trauma
and pain or risk.19 However, evidence suggests
that individuals with psychological comorbidities
may have difficulties coping with or managing
pain with minor traumatic events, leading to
increased hospitalization and emergency depart-
ment visits.20,26 Although the data on PTSD is
limited, these findings suggest that burn patients
with PTSDmay face additional challenges in their
recovery process. Our study underscores the
importance of this knowledge when prescribing
opioids to patients.

One of the strengths of our study lies in the
use of a national database, which enabled the ana-
lysis of 213.1 million patients and facilitated the
attainment of a sufficiently large sample size.
This size allowed for propensity-matched
cohorts based on age at time of burn, injury sever-
ity, gender, race, ethnicity, opioid use before
PTSD onset, and the presence of diabetes melli-
tus, alcohol use disorder, nicotine dependence,
major depressive disorder, and general anxiety
disorder. Previous studies highlighted the value
of using TriNetX to analyze patient records and
prescription data, underscoring the credibility
of this approach with testing PTSD as an inde-
pendent factor for opioid use in burn
patients.21–23,30

In addition to exploring the relationship
between mental health challenges, such as
PTSD, and pain management in burn patients,

it is essential to consider the diverse factors that
contribute to the complexity of PTSD outcomes.
Factors such as personal histories, previous expos-
ure to trauma, and psychosocial elements, includ-
ing support systems and coping strategies,
significantly shape the development and severity
of PTSD following burn injuries.17 Additionally,
existing psychological conditions and an indivi-
dual’s cognitive interpretation of the traumatic
experience play critical roles in influencing
PTSD symptoms and response to treatment.31,32

Recognizing these various influences is crucial
for developing tailored psychosocial interven-
tions that address the unique needs of burn
patients with PTSD, thereby improving their
rehabilitation and long-term recovery. A thor-
ough assessment of these factors can empower
healthcare providers to enhance the quality of
psychosocial care provided to burn patients,
aligning with the holistic approach emphasized
in our conclusion.33

TriNetX does contain some limitations. First,
TriNetX lacks patient-level data. TriNetX contains
encounter-level health records, pharmacy records,
and insurance billing data to detect the presence
or absence of specific medical, surgical, and pre-
scription codes. However, this patient data is
de-identified, thereby restricting researchers
from accessing the precise relationships between
variables. While previous studies indicated an
increased risk of chronic pain among patients
with PTSD and burn injuries, the identification
of variables like ‘diagnosis of chronic pain syn-
drome (yes or no)’ in our study merely signifies
the presence of the diagnostic code, without
specifying pain levels from 0 to 10.2,22 Our deci-
sion to include this variable aimed to assess the
prevalence of pre-existing chronic pain, par-
ticularly considering the significant number of
patients in both cohorts who were already
using baseline opioid analgesics. Another limi-
tation is that we lacked precise information on
the quantities of opioid analgesics prescribed
versus consumed by individual patients. Such
information is not available. Lastly, TriNetX
represents populations containing between 1
and 9 patients as ‘10’ patients, which may have
affected the significance of outcomes observed
among the PTSD cohort. In both Table 1 and
Table 2, instances where a few patientsin the
cohort experienced postoperative complica-
tions resulted in their representation as ‘10’
patients. Despite these limitations, the use of
this database offers compelling evidence that
warrants further exploration into patient-level
data, allowing for more precise determination
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of the causal relationships underlying postoperative
opioid usage and other outcomes. Additionally,
prospective studies are needed to further elucidate
the temporal relationships and causal mechanisms
underlying the observed associations between
PTSD, opioid use, and chronic pain syndrome in
burn patients.

Conclusion

Our study utilized the TriNetX database to examine
associations between PTSD and adverse outcomes
in severely burned patients. PTSD was consistently
linked to increased opioid use across all levels of
burn severity. Patients with PTSD also exhibited
higher rates of chronic pain syndrome, depression,
anxiety, and emergency department visits. The risk
of mortality between cohorts varied based on burn
injury severity. These findings underscore the
importance of identifying and addressing PTSD as
a significant factor in managing severe burn injur-
ies. Healthcare professionals should adopt compre-
hensive approaches that include psychological
screening, early intervention, and tailored pain
management strategies to mitigate these risks.
Further research is needed to explore the under-
lying mechanisms driving these associations and to
optimize care for this vulnerable patient population.
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