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Peritraumatic Heart Rate and Posttraumatic Stress Disorder  
in Patients With Severe Burns

Neda F. Gould, PhD; Jodi B. McKibben, PhD; Ryan Hall, MD; Nida H. Corry, PhD;  
Nicole A. Amoyal, BA; Shawn T. Mason, PhD; Una D. McCann, MD; and James A. Fauerbach, PhD

Objective: Previous studies have suggested a 
link between heart rate (HR) following trauma and 
the development of posttraumatic stress disorder 
(PTSD). This study expands on previous work by 
evaluating HR in burn patients followed longitudi
nally for symptoms of acute stress disorder (ASD) 
and PTSD.

Method: Data were collected from consecutive 
patients admitted to the Johns Hopkins Burn  
Center, Baltimore, Maryland, between 1997 and 
2002. Patients completed the Stanford Acute Stress 
Reaction Questionnaire (n = 157) to assess symp
toms of ASD. The Davidson Trauma Scale was 
completed at 1 (n = 145), 6 (n = 106), 12 (n = 94), 
and 24 (n = 66) months postdischarge to assess 
symptoms of PTSD. Heart rate in the ambulance, 
emergency room, and burn unit were obtained by 
retrospective medical chart review.

Results: Pearson correlations revealed a sig
nificant relationship between HR in the ambulance 
(r = 0.32, P = .016) and burn unit (r = 0.30, P = .001) 
and ASD scores at baseline. Heart rate in the ambu
lance was related to PTSD avoidance cluster scores 
at 1, 6, 12, and 24 months. In women, HR in the 
ambulance was correlated with PTSD scores at 6 
(r = 0.65, P = .005) and 12 (r = 0.78, P = .005) months. 
When covariates (gender, βblockers, Brief Symp
tom Inventory Global Severity Index score) were 
included in multivariate linear regression analyses, 
ambulance HR was associated with ASD and PTSD 
scores at baseline and 1 month, and the interaction 
of ambulance HR and gender was associated with 
PTSD scores at 6 and 12 months. Multivariate logis
tic regression results were similar at baseline and  
12 months, which included an HR association yet 
no interaction at 6 months and a marginal interac
tion at 1 month.

Conclusions: While peritraumatic HR is most 
robustly associated with PTSD symptom severity, 
HR on admission to burn unit also predicts the 
development of ASD. Gender and avoidance symp
toms appear particularly salient in this relationship, 
and these factors may aid in the identification of 
subgroups for which HR serves as a biomarker for 
PTSD. Future work may identify endophenotypic 
measures of increased risk for PTSD, targeting sub
groups for early intervention.
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Acute stress disorder (ASD) and posttraumatic stress 
disorder (PTSD) are frequently observed after ex

posure to traumatic events and they can be extremely 
debilitating disorders. Posttraumatic stress disorder occurs 
in approximately 20% of trauma victims, often resulting in 
significant impairment in physical, occupational, and so
cial functioning,1 and 80% of individuals with ASD may 
go on to develop PTSD.2 Given the devastating impact of 
PTSD, efforts to understand the psychological and physi
ologic variables associated with fear conditioning provide 
an opportunity for advances in treatment. Currently, at
tempts to identify individuals at risk for the development 
of ASD and PTSD after a trauma have produced inconsis
tent findings. Although selfreport and clinicianassessed 
infor mation are useful, identification of biologic markers or 
endophenotypes3 associated with these disorders may yield 
more accurate diagnosis and highlight the dynamic interplay 
between traumatic events, time parameters, psychological 
interpretation, and physiologic reactivity.

Acute physiologic responses following trauma may 
provide useful markers for predicting subsequent PTSD. 
Increased arousal is a necessary criterion in the diagnosis 
of PTSD, and physiologic reactivity is a common form of 
reexperiencing associated with the disorder according to 
the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition, Text Revision (DSM-IV-TR).4 In fact, hyper
arousal symptoms often remain even after the remission of 
other symptoms.5 It has been postulated that sympathetic 
arousal immediately after a traumatic event may lead to 
overconsolidation of trauma memories6 and that hyperac
tivity of the sympathetic nervous system may prevent normal 
memory processing.7 Memory processing is believed to be 
mediated by overstimulated endogenous stress hormones 
and neuromodulators after the traumatic event.6 This series 
of events may ultimately lead to the development of PTSD.7 
Indeed, preclinical research has revealed that epinephrine 
may enhance the consolidation of learning of a traumatic 
memory and fear conditioning in both human6 and animal 
models.8,9 As such, understanding the pathophysiology of 
hyperarousal may lead to a clearer understanding of the  
development of PTSD.

Elevated heart rate (HR) is among the most salient  
byproducts of increased sympathetic arousal. However, to 
date, there has been some inconsistency in extant investiga
tions of the relationship between HR and the development 
of PTSD. In their initial study, Shalev et al10 reported that 
elevated HR after trauma was predictive of the subsequent 
development of PTSD. This finding was replicated in 
adults11,12 and children,13 and, most recently, in an elegantly 
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designed, large, multisite study by Bryant and colleagues.14 
In contrast, in a study by Blanchard et al,15 elevated HR was 
not predictive of PTSD. In fact, in this latter study, patients 
with elevated HR were less likely to develop PTSD.

Possible reasons for discrepancies across studies include 
differences in methodology, such as symptom assessment (self 
vs clinician report), composition of samples, and timing of 
PTSD assessment,16 as well as the temporal assessment of HR, 
injury severity, and PTSD symptom criteria.17 In this regard, 
even minor differences in patient samples may result in dif
ferences across studies.17 Nevertheless, recent meta analytic 
reviews have revealed a significant association between PTSD 
and elevated HR18 and have identified HR as one of the most 
reliable psychophysiological correlates of PTSD.19

Thus, the purpose of the present study was to more clearly 
elucidate factors involved in the relationship between physio
logic arousal and the development and maintenance of PTSD. 
The present study expands on previous work in this realm by 
examining the relationship between HR and blood pressure 
(BP) and both inhospital ASD and PTSD through 2year 
followup in a group of trauma survivors who underwent 
a similar type of trauma, therefore minimizing the variabil
ity within the study sample. To our knowledge, this study 
is the first to examine this relationship that (1) examines a 
sample of adult patients with severe burn injury, (2) assesses 
the potential relationship between HR and BP and specific 
symptom clusters of ASD and PTSD (a largely unexamined 
topic), (3) accounts for the role of relevant demographic  
(eg, gender) and clinical (eg, use of βblockers) variables, and 
(4) obtains HR and BP measurements at various time points 
following the trauma (ie, in the ambulance, emergency room, 
and burn unit).

METHOD

Sample
Data were collected from consecutive patients admitted 

to the Johns Hopkins Burn Center, Baltimore, Maryland, 
between 1997 and 2002. Eligible participants met at least 
1 criterion for major burn injury as determined by the  
American Burn Association, and they were at least 18 years of 
age. The American Burn Association criteria for major burn 
injury included deep second and third degree burns with the 
following variations: greater than 10% total body surface area 
(TBSA) in patients over 50 years old; greater than 20% TBSA 
in other age groups; burns with serious threat of functional 
or cosmetic threat that involve face, hands, feet, genitalia, 
perineum, or major joints; third degree burns greater than 
5% TBSA in any age group; deep electrical burns, in cluding 
lightning injury; inhalation injury with burn injury; or cir
cumferential burns of the extremity or chest. Participants 
were excluded if they presented with cognitive limitations 
precluding adequate consent, comprehension, or benefit, or 
if their level of fluency in English would prevent them from 
understanding the consent or protocol. Additionally, patients 
were excluded from further participation if they were incar
cerated after discharge.

Our sample included 167 adult burn patients (mean 
age = 40.2 years, SD = 14.4) who were predominantly male 
(71.9%), white (60.5%), had an average TBSA of 15.5% 
(SD = 14.8), and the majority of whom worked at the time 
of injury (74.3%). The primary etiology of burn injuries in 
our sample was due to flame/fire (55.1%), followed by scald 
(18.0%), grease (9.0%), and thermal contact (6.6%) burns 
(sample demographic characteristics and descriptive statis
tics for variables are presented in Table 1). Participation in 
this study was voluntary, and the protocol was approved by 
the Johns Hopkins University School of Medicine Institu
tional Review Board.

Measures
Psychiatric measures. The Davidson Trauma Scale 

(DTS)20 is a 17item selfreport measure based on the  
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV).21 Frequency and severity items for symp
toms are rated on a 0–4 scale, with higher scores indicative 
of greater severity or frequency. Analyses of the DTS have 
demonstrated testretest reliability with a coefficient of 0.86 
(P < .01) and high internal consistency (α = .99) for the fre
quency and severity items.20 Furthermore, the DTS has been 
shown to reliably predict PTSD diagnosis as measured by 
the Structured Clinical Interview for the DSM-IV when a 
diagnostic cutoff score of 40 is used.20

The Stanford Acute Stress Reaction Questionnaire 
(SASRQ)22 is a 30item selfreport measure used for the 

Table 1. Sample Demographics and Descriptive Statistics  
(total N = 167)
Variable n (%)
Sex, male 120 (71.9)
Ethnicity

White 101 (60.5)
African American 56 (33.5)
Hispanic 4 (2.4)
Other 1 (0.6)

Participants employed 124 (74.3)
Etiology of burn

Flame 92 (55.1)
Scald 30 (18.0)
Grease 15 (9.0)
Hot object 11 (6.6)
Chemical 4 (2.4)
Electricity 5 (3.0)
Tar 4 (2.4)
Other 6 (3.6)

Mean (SD)
Age, y 40.2 (14.4)
Length of hospital stay, d 16.8 (14.1)
Heart rate measurement, locationa

Ambulance 105.0 (16.2)
Emergency room 94.7 (17.3)
Burn unit 87.3 (18.0)

SASRQ total score 39.5 (29.0)
DTS total score, time postdischarge

1 mo 33.2 (31.4)
6 mo 31.9 (31.6)
12 mo 28.3 (29.3)
24 mo 28.7 (30.2)

aHeart rate values reported in beats per minute.
Abbreviations: DTS = Davidson Trauma Scale, SASRQ = Stanford Acute 

Stress Reaction Questionnaire.
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assessment of ASD. Frequency of symptoms, including  
reexperiencing, dissociation, avoidance, hyperarousal, and 
impairment in functioning were rated on a Likerttype scale 
ranging from 0 to 5. A previously published algorithm was 
used on the basis of the DSM-IV criteria23 that indicate a 
diagnostic cutoff score of 3 for each of the items and require 
the endorsement of 3 of the 5 dissociative symptoms (that 
correspond to the 5 DSM-IV dissociative symptoms), and 1 
symptom each from the reexperiencing, avoidance, hyper
arousal, and impairment domains. Table 2 shows clinical 
characteristics of participants dichotomized by SASRQ and 
DTS cutoff scores. α Coefficients for the SASRQ demonstrate 
high internal consistency for anxiety and dissociative symp
toms (α = .91 and α = .90, respectively22).

The Brief Symptom Inventory (BSI)24 is a 53item version 
of the Symptom Checklist 90Revised25 that measures severity 
of psychological distress over the previous 7 days. Respon
dents rate how much they were distressed by each symptom 
using a 5point Likert scale (0 = not at all, 4 = always). The 
BSI has good internal consistency and retest reliability.24 
The Global Severity Index (GSI) is the BSI’s most sensitive 
index of psychological distress,26 and it has been shown to 
discern among clinical and normative populations.27 The 
GSI was dichotomized at Tscore ≥ 63 (high distress) versus 
Tscore < 63 (low distress). This GSI cutoff has been shown to 
be a valid and reliable marker for the presence of a significant 
psychiatric condition (ie, clinically significant psychological 
distress) warranting evaluation and possible intervention24 
and has been used in other largescale, multisite studies in  
injured populations.28 Rather than a goldstandard structured 
clinical interview, a selfreport psychological assessment tool 
was used—primarily to minimize the burden on participants 
given the longterm nature of the study.

Cardiovascular Measures
Heart rate and BP were measured manually by stethoscope 

and sphygmomanometer administered by the emergency 
medical technicians in the ambulance during transporta
tion to the hospital. A Simmons monitor (Siemens, Danvers,  
Massachusetts) was used to assess HR and BP in the emer
gency room and inpatient intensive care unit (ICU). Both 
Simmons and Spacelab monitoring equipment (Spacelab 

Medical Inc, Issaquah, Washington) were used to measure 
HR and BP during the patients’ stay in the surgical interme
diate care center, a stepdown inpatient unit from the ICU.

Procedures
This study was part of a national study targeting the  

assessment and treatment of patients with major burn injuries. 
As part of a larger, multisite study, participants’ demographic 
and clinical variables including age, gender, TBSA, ethnicity, 
etiology, location of burn, and employment were obtained 
by chart review. Patients were approached for consent within  
72 hours of accessibility during their stay in the inpatient 
unit if they met eligibility criteria. All participants were  
18 years or older and met American Burn Association cri
teria for severe burns, as described above.

Participants completed the SASRQ and BSI at dis
charge (n = 157), and the DTS, BSI, and other psychological 
questionnaires at 1 month (n = 145), 6 months (n = 106),  
12 months (n = 94), and 24 months (n = 66) after discharge 
from the hospital. A retrospective medical chart review 
was conducted to acquire participants’ HR, systolic BP, and 
diastolic BP in the ambulance and on admission to the emer
gency room and burn unit. Total body surface area burned 
was also gathered from chart review.

Statistical Analyses
Normality of data distribution for all outcome measures 

was established by evaluating skew and kurtosis, which 
ranged from 0.60 to 1.1, well within the normal range.

Pearson correlations were calculated to assess the  
relationship between HR and BP at each of the time points 
(ie, ambulance, admittance to emergency room, transfer to 
burn unit) with total SASRQ and DTS scores at 1, 6, 12, 
and 24 months. In addition, SASRQ and DTS subscale 
scores were analyzed. Subscales for the SASRQ included  
reexperiencing, avoidance, arousal, and dissociative symptom 
clusters; while the DTS included reexperiencing, avoid
ance, and hyperarousal symptom cluster scores. Finally, post 
hoc analyses assessed HR correlations for male and female  
patients separately.

To test the hypothesis that HR is predictive of posttrau
matic stress symptom severity, linear regression analyses 

Table 2. Clinical Characteristics of Participants Dichotomized by SASRQ and DTS Cutoff Scoresa

Characteristic

SASRQ <  
Diagnostic 

Cutoff 
(n = 119)

SASRQ ≥  
Diagnostic  

Cutoff  
(n = 38)

DTS < 40,  
1 mo 

(n = 91)

DTS ≥ 40,  
1 mo 

(n = 54)

DTS < 40,  
6 mo 

(n = 70)

DTS ≥ 40,  
6 mo 

(n = 36)

DTS < 40,  
12 mo 

(n = 65)

DTS ≥ 40,  
12 mo 

(n = 29)

DTS < 40,  
24 mo 

(n = 45)

DTS ≥ 40,  
24 mo 

(n = 21)
Age, y 38.0 (14.6) 38.1 (10.5) 37.6 (13.5) 39.3 (12.5) 40.4 (15.5) 36.5 (10.8) 39.5 (15.0) 36.1 (11.7) 38.7 (15.0) 36.2 (10.7)
Heart rateb

Ambulance 101.8 (14.8) 110.7 (17.1) 103.8 (13.8) 108.9 (17.1) 101.5 (14.8) 113.4 (16.3) 103.2 (16.8) 107.8 (16.5) 100.4 (18.1) 111.2 (11.9)
Emergency 

room
93.2 (16.2) 98.6 (19.9) 95.3 (17.2) 96.8 (15.5) 94.6 (18.2) 96.0 (18.3) 92.7 (20.4) 93.5 (18.6) 93.2 (18.5) 92.6 (14.3)

Burn unit 85.0 (16.5) 93.3 (21.3) 86.5 (16.0) 90.0 (19.7) 86.1 (17.1) 90.3 (20.4) 84.2 (17.4) 87.8 (20.7) 86.1 (17.3) 88.8 (19.7)
SASRQ total 

score
27.3 (19.3) 77.5 (19.9) … … … … … … … …

DTS total score … … 12.4 (11.2) 68.2 (21.6) 12.3 (11.8) 70.2 (20.9) 11.0 (10.7) 67.1 (18.4) 11.3 (12.2) 65.8 (22.6)
aAll values reported as means and standard deviations. 
bHeart rate values reported in beats per minute, in locations where heart rate was measured.
Abbreviations:  DTS = Davidson Trauma Scale, SASRQ = Stanford Acute Stress Reaction Questionnaire.
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were used to evaluate the role of HR readings in the ambu
lance in accounting for SASRQ and DTS continuous scores 
at 1, 6, 12, and 24 months. Logistic regression analyses were 
used to examine SASRQ and DTS dichotomous variables 
(ie, diagnostic status) across assessment periods. Due to 
attrition, a ubiquitous problem among longitudinal stud
ies, only a limited subset of covariates were included in the 
analyses, and they were selected on the basis of theoreti
cal significance. Thus, the following variables were used as 
predictors in the regression analyses: gender, βblockers 

(present or absent), BSI GSI score (high and low distress, as 
defined above), and the HR × gender interaction. Goodness 
of fit for each of the models was evaluated using the Hosmer
Lemeshow statistic.

All tests were 2tailed and considered significant at P < .05. 
Analyses were conducted using SPSS version 16.0 (SPSS Inc, 
Chicago, Illinois) and Stata Statistical Software, Release 9.2 
(StataCorp LP, College Station, Texas).

RESulTS

Pearson correlations revealed a significant relationship 
between HR in the ambulance and SASRQ (r = 0.32, P = .016, 
n = 58) and total DTS scores at 6 months (r = 0.44, P = .003, 
n = 44). In addition, burn unit HR was significantly corre lated 
with total SASRQ score (r = 0.30, P = .001, n = 112) (Figure 1). 
Importantly, when the aforementioned relationships were 
assessed by gender, a significant HR × gender interaction 
was revealed whereby HR in the ambulance corresponded 
to higher total DTS scores at 6 (r = 0.65, P = .005, n = 17) and 
12 (r = 0.78, P = .005, n = 11) months in women only. These 
findings were not significant for male participants. Blood 
pressure was not related to SASRQ or DTS scores.

When SASRQ and DTS overall scores were divided 
into their respective subscales, HR in the ambulance was 
significantly related to the following continuous subscale 
scores: DTS avoidance at 1, 6, 12, and 24 months and DTS 
reexperiencing and arousal at 6 months. Thus, initial HR 
measurements in the ambulance appear to be most consis
tently related to PTSD/DTS avoidance symptom clusters up 
to 2 years postinjury (Table 3). When dichotomized into 
those meeting and not meeting criteria for ASD, the SASRQ 
reexperiencing cluster was significantly correlated with HR 
in the ambulance, and the arousal cluster was correlated with 
HR on the burn unit.

linear Regression Analyses
An important objective of this study is to determine 

whether HR (obtained in the ambulance) would predict 
ASD scores at baseline (as assessed with the SASRQ) and 
PTSD scores (as assessed with the DTS) at 1, 6, 12, and 
24 months. First, simple/crude linear regression analyses 
were completed, and the results indicated significant asso
ciations between HR and ASD/PTSD scores at baseline and  
6 months (Tables 4A and 4B). In the multiple linear regres
sion analyses used to address the question above, HR and the 

Table 3. Significant Correlations Between Ambulance  
Heart Rate and DTS Subscale Scores at Various Time Pointsa

DTS Subscale Pearson R P Value n
Avoidance, at 1 mo 0.274 .039 57
Avoidance, at 6 mo 0.461 .001 45
Avoidance, at 12 mo 0.330 .033 42
Avoidance, at 24 mo 0.344 .021 45
Reexperiencing, at 6 mo 0.397 .037 28
Arousal, at 6 mo 0.414 .005 44
aAll variables are continuous.
Abbreviation: DTS = Davidson Trauma Scale.

Figure 1. Significant Correlations Between Heart Rate (HR) 
and Continuous Outcome Variables

Abbreviations: bpm = beats per minute, DTS = Davidson Trauma Scale, 
SASRQ = Stanford Acute Stress Reaction Questionnaire.
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aforementioned covariates (ie, 
gender, βblockers, and BSI) were 
used. Once missing data across 
the predictor variables were ac
counted for, 56 cases remained 
for the analysis at baseline, 52 for 
the 1month followup period, 
44 at 6 months, 41 at 12 months, 
and 27 at 24 months. The initial 
model contained all covariates. 
Using a backward elimination 
linear regression procedure, co
variates were removed on the 
basis of the Wald tests. In the 
case of significant interactions, 
all lowerorder covariates in the 
interaction were retained in the 
model, regardless of significance. 
When all eligible nonsignificant 
covariates were removed, the fol
lowing variables were retained in 
models assessing the relationship 
of ambulance HR with ASD and 
PTSD: Heart rate and BSI score 
at baseline (adjusted R2 = 0.55, 
σ̂ = 20.63); HR and BSI score 
at 1 month (adjusted R2 = 0.18, 
σ̂ = 27.86); HR, gender, BSI score, 
and HR × gender at 6 months 
(adjusted R2 = 0.36, σ̂ = 26.00); 
HR, gender, and HR × gender at 
12 months (adjusted R2 = 0.14, 
σ̂ = 24.40); and gender and 
βblockers at 24 months (adjusted 
R2 = 0.31, σ̂ = 24.87).

At baseline and 1 month post
discharge, a 1unit increase in 
HR was associated with a 0.67 
increase in the total SASRQ score 
and an increase of 0.52 in the  
total DTS score (see Tables 4A 
and 4B). In order to put this 
finding into perspective, it may 
be useful to consider an SD in
crease in HR as well (SD = 16.22 
at baseline and 15.15 at 1 month). 
A 1SD increase in HR was asso
ciated at baseline and 1 month 
with an increase of 10.94 in 
the total SASRQ score and an  
increase of 7.94 in the total DTS 
score. At 6 and 12 months, there 
were differential effects across 
sex/gender. For men and women, 
a unit increase in HR was associ
ated at 6 months with a 0.51 and 
a 1.93 increase in the total DTS 
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score, respectively. A 1SD increase in HR was associated 
at 6 months (SD = 16.26) with an increase of only 8.24 for 
men but 31.36 for women in total DTS scores. Further, for 
men and women, a unit increase in HR was associated at 
12 months with a 0.13 and 1.45 increase in the total DTS 
score, respectively. For a 1SD increase in HR (SD = 16.63), 
the increases in the total DTS scores at 12 months were 2.18 
and 24.13, respectively.

logistic Regression Analyses
The aforementioned analyses were replicated with the 

dichotomous PTSD and ASD diagnostic status dependent 
variables described above. Once again, simple/crude logistic 
regression analyses were completed, and the results indi cated 
significant associations between HR and the PTSD cutoff 
score at 6 months (see Tables 5A and 5B). In the multiple 
logistic regression analyses, HR and the aforementioned pre
dictor variables (ie, gender, βblockers, and BSI score) were 
used once again and the number of cases available for each of 
the time periods was the same as indicated above. The initial 
model contained all covariates. Using a backward elimina
tion procedure, covariates were removed on the basis of the 
likelihood ratio tests. In the case of significant interactions, 
all lowerorder covariates in the interaction were retained in 

the model, regardless of significance. When all eligible non
significant covariates were removed, the following variables 
were retained in models assessing the relationship of ambu
lance HR with ASD and PTSD: HR and BSI score at baseline 
(Nagelkerke R2 = 0.31); BSI score at 1 month (Nagelkerke 
R2 = 0.19); HR at 6 months (Nagelkerke R2 = 0.19); and HR, 
gender, BSI score, and HR × gender at 12 months (Nagelkerke 
R2 = 0.36). No variables were retained at the 24month time 
period. The HosmerLemeshow goodness of fit χ2 statistics 
were shown to be nonsignificant for the aforementioned  
logistic regression analyses with the exception of the 1month 
time period. However, if an alternative model that includes 
BSI score and a trend for HR × gender (P = .07), along with 
HR and gender, is considered, then the HosmerLemeshow 
is nonsignificant (Nagelkerke R2 = 0.30).

A 1unit increase/1SD increase in HR (SD = 16.23) was 
associated with it being 1.05 times/2.18 times more likely 
for participants to have an SASRQ score above the cutoff 
for ASD at baseline (Tables 5A and 5B). Heart rate was not 
correlated with PTSD at 1 month. However, in the previ ously 
mentioned model that included a trend for HR × gender at 
1 month, a 1unit increase in HR was associated with it  
being 1.00 times as likely for men and 1.08 times more likely 
for women to have a DTS score above the cutoff for PTSD. 

Table 5A. Results of Logistic Regression Analyses Relating Heart Rate to SASRQ (algorithm-based cutoff) and DTS (cutoff ≥ 40)a

Predictors at Baseline

Baseline (n = 56) 1 Month Postdischarge (n = 52) 6 Months Postdischarge (n = 44)

Crude ORb (95% CI)
Adjusted ORc  

(95% CI) Crude OR (95% CI)
Adjusted OR  

(95% CI) Crude OR (95% CI)
Adjusted OR  

(95% CI)
Heart rate

1unit increase 1.03 (1.00 to 1.07) 1.05* (1.01 to 1.10) 1.01 (0.98 to 1.05) … 1.06* (1.01 to 1.12) 1.06* (1.01 to 1.12)
1SD increase 1.72 2.18 1.22 … 2.51 2.51

Gender, male vs 
female

1.64 (0.53 to 5.08) … 1.91 (0.61 to 6.09) … 2.45 (0.65 to 9.58) …

Heart rate × genderd

1unit increase … … … … … …
1SD increase … … … … … …

BSI score, ≥ 63 vs < 63 5.57** (1.76 to 19.33) 8.01** (2.23 to 35.44) 5.36** (1.63 to 19.31) 5.36** (1.63 to 19.31) 1.56 (0.41 to 5.89) …
βblockers, yes vs no 3.67 (0.80 to 19.83) … 3.22 (0.70 to 17.49) … 5.83* (1.18 to 33.92) …
aSASRQ used at baseline; DTS used at 1, 6, 12, and 24 months postdischarge.   bUnivariate association between predictors and SASRQ/DTS.   

cMultivariate association between predictors and SASRQ/DTS after adjusting for all remaining predictors in the model.   dValues displayed are for 
women.

*P < .05;  **P < .01;  ***P < .001.
Abbreviations: BSI = Brief Symptom Inventory, DTS = Davidson Trauma Scale, SASRQ = Stanford Acute Stress Reaction Questionnaire.
Symbol: … = not included in model.

Table 5B. Results of Logistic Regression Analyses Relating Heart Rate to SASRQ (algorithm-based cutoff) and DTS (cutoff ≥ 40)a

Predictors at Baseline
12 Months Postdischarge (n = 41) 24 Months Postdischarge (n = 27)

Crude ORb (95% CI) Adjusted ORc (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)
Heart rate

1unit increase 1.01 (0.97 to 1.06) 0.99 (0.94 to 1.04) 1.03 (0.98 to 1.10) …
1SD increase 1.28 0.82 1.67 …

Gender, male vs female 1.33 (0.29 to 5.65) 6.94e10** (9.53e20 to 0.01) 2.50 (0.37 to 17.29) …
Heart rate × genderd

1unit increase … 1.20** (1.04 to 1.72) … …
1SD increase … 21.40 … …

BSI score, ≥ 63 vs < 63 4.00* (1.03 to 17.10) 5.18* (1.15 to 27.25) 6.40 (0.96 to 57.70) …
βblockers, yes vs no 1.80 (0.31 to 9.69) … 4.75 (0.46 to 51.20) …
aSASRQ used at baseline; DTS used at 1, 6, 12, and 24 months postdischarge.   bUnivariate association between predictors and SASRQ/DTS.   

cMultivariate association between predictors and SASRQ/DTS after adjusting for all remaining predictors in the model.   dValues displayed are for 
women.

*P < .05;  **P < .01;  ***P < .001.
Abbreviations: BSI = Brief Symptom Inventory, DTS = Davidson Trauma Scale, SASRQ = Stanford Acute Stress Reaction Questionnaire.
Symbol: … = not included in model.
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A 1SD increase in HR (SD = 15.15) resulted in it being 
0.94 times less likely for men and 3.29 times more likely for  
women to be above the DTS cutoff for PTSD at 1 month. A 
1unit increase/SD increase in HR (SD = 16.26) was associ
ated at 6 months with it being 1.06 times/2.51 times more 
likely for patients to be above the DTS cutoff for PTSD.  
Finally, at 12 months, there were differential effects across 
sex/gender. For men and women, a 1unit increase in HR 
was associated with it being 0.99 times less likely and 1.20 
times more likely to be above the DTS cutoff for PTSD. A 
1SD increase (SD = 16.63) in HR resulted in it being 0.82 
times less likely for men and 21.40 times more likely for 
women to be above the DTS cutoff for PTSD.

DISCuSSION

The present study is the first to assess the predictive value 
of HR and BP for the subsequent development of ASD and 
PTSD in patients with severe burns. Our results revealed 
that increased HR immediately following major burn injury 
was associated with higher rates of ASD and PTSD 6 months 
after hospital discharge. Further, elevated HR levels during 
hospital admission were associated with the development of 
ASD. An interactive effect for gender indicated that elevated 
HR at the time of hospital admission was associated with 
more PTSD symptoms at 6 and 12 months after discharge 
for females only. This finding suggests that gender influences 
the relationship between elevated HR following trauma and 
subsequent PTSD severity. This gender finding is of particu
lar importance given that the type of trauma was consistent 
across sexes and less genderspecific than previously studied 
traumas.

Gender differences in the association between peritrau
matic physiologic markers and the later development of 
PTSD may be better understood if placed in the context of 
the complex relationship between gender and PTSD. Previous 
research in the field of PTSD has not consistently reported 
gender differences because they were not of central interest 
in those studies29; however, several previous studies shed 
light on the influence of gender on PTSD development. De
spite the fact that men experience more trauma during their 
lifetime, PTSD is more prevalent among women. Several  
explanations have been posited to account for this discrep
ancy, including women’s increased exposure to traumas that 
often involve developmental disruptions (ie, sexual abuse and 
violation of physical integrity) and may increase vulnerabil
ity to develop PTSD and other psychopathology. Compared 
to men, women tend to engage in more ruminative styles 
of coping, which are associated with more prolonged or  
severe depressive episodes30 and also predict PTSD.31 Bio
logic explanations include endogenous opioid peptides, 
which vary across the menstrual cycle for women and  
coincide with observed changes in PTSD symptoms. Women 
have been found to be more physiologically reactive than 
men to trauma,32 and previous research has revealed that 
specific symptom clusters, such as hyperarousal and numb
ing, are particularly salient in women.33 It is wellestablished 

that women have higher resting HR,34 longer corrected QT 
intervals,35–37 and a shorter sinus node recovery time38 
than men, possibly due to differences in exercise tolerance,  
autonomic modulation, sinus node properties, and gender 
hormones.39 Nevertheless, while women have been shown to 
have higher HRs34 and a higher incidence of PTSD,40,41 our 
findings revealed a significant relationship between ambu
lance HR and PTSD scores at 6 and 12 months even while 
controlling for gender. Although the clinical significance of 
these gender differences in cardiac variables is unclear, we 
can speculate that women may tend to have greater sym
pathetic arousal and release of stress hormones during a 
trauma, due to baseline physiologic differences.

Consistent with several previous studies,10,11,14 BP  
immediately following trauma and during hospital stay was 
not significantly related to total ASD or PTSD symptoms 
at any subsequent assessments in the current study (ie, 1, 
6, 12, or 24 months). The lack of predictive utility of BP in 
light of significant HR findings suggests that PTSD may be 
influenced by excessive adrenergic activation via enhanced 
memory consolidation rather than noradrenergic activa
tion.10 The lack of a relationship between BP and subsequent 
ASD or PTSD in the current study could also be attributed 
to a potentially larger representation of patients whose stress 
response patterns involve more cardiac than vascularbased 
reactivity.42

A unique finding of the current study was that peritrau
matic HR was most consistently related to PTSD avoidance 
symptoms up to 2 years after hospital discharge. As noted in 
a recent synthesizing review, avoidance cluster symptoms are 
emerging as the strongest indicators for PTSD risk.43 Given 
this finding, it is potentially of great importance that future 
investigations examine the means by which early HR is  
related to increased severity of future avoidance symptoms. 
Fearconditioning models suggest that, after a traumatic 
event, cues reminiscent of the trauma result in the resur
gence of anxiety symptoms,44 and that these symptoms are 
maintained through negative reinforcement associated with 
avoidance of these cues.45 Indeed, increased HR, along with 
other psychophysiological responses, may reflect changes 
in amygdala activation, and conditioned fear and contin
ued avoidance may contribute to a failure to extinguish 
emotional responses to traumarelated cues.46 Thus, our 
findings may represent impaired extinction pathways and 
processes. Of great interest is the identification of subgroups 
of individuals with PTSD on the basis of varying physiologic 
and psychological response patterns (eg, specific symptom 
clusters), which may help elucidate the contributions of vari
ous markers to the development of PTSD. In accordance 
with our current findings, different biologic markers may 
be related to different subgroups of patients (eg, those with 
greater endorsement of avoidance symptoms). Thus, clinical 
literature on human responses following traumatic injury 
should continue to conduct mechanistic studies to identify 
the basic processes and pathways to clarify how, when, and 
for what clinical subphenotypes HR serves as a biomarker 
for PTSD.
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limitations
It is important to note that these findings must be inter

preted in light of several limitations of the present study. 
Inherent to retrospective analyses, the number and type 
of variables available for examination were limited. Most 
notably, preinjury measures of psychological and physi
ologic function or indications of pretrauma arousal (eg, 
HR and BP) were not available. For example, data on 
previous traumas or PTSD diagnosis in our sample are 
unknown, a factor that could have impacted the current 
findings. Also unavailable was medical information such 
as premorbid aerobic health, respiratory disease, cardio
vascular disease, and presence of stimulants such as illicit 
drugs, as well as other medications that have been shown to  
impact the development of PTSD (eg, morphine in trauma  
patients).47,48 Variability in the measurement and collection 
of physiologic data was also likely. For example, the time lag 
from burn injury to emergency care and variation in the 
measurement of HR and BP between emergency care per
sonnel were not known. Although not possible for this study, 
some authors have suggested obtaining multiple assessments 
at each time point to account for the natural variability of 
HR.49 Although the DTS has been well examined in burn 
samples and has an established cutoff score for clinically 
significant distress,50 more exact diagnostic information 
was not available (eg, structured clinical interviews). Sta
tistical analyses were also limited by the sample size and 
attrition, in that power was only suitable to examine  
a small number of covariates or predictors. Finally, the  
timing of symptom assessment is inherent to all trauma 
studies and may account for mixed findings in the literature. 
For example, initial nonpathological distress following an 
injury may augment endorsement of symptoms if measured  
immediately after the event.16 Clearly, empirical investiga
tion of this topic is challenging due to the lifethreatening 
nature and emergency care needed for many traumatic 
events. Despite confounds, our findings reveal a relation
ship between immediate posttrauma physiologic markers 
and the later development of traumatic stress symptoms.

It remains premature at this time to use HR as a mecha
nism to identify atrisk individuals in a clinical setting.14 
The accumulating evidence in this area encourages further 
examination of the role of acute HR in the development of 
PTSD. Utilizing multiple methods for assessing sympathetic 
tone (eg, HR, HR responsivity, HR variability) would refine 
the utility of a predictive algorithm.51 Understanding the 
changes in HR pretrauma and posttrauma (ie, determining 
if individuals with PTSD had higher HR levels long before 
their trauma or simply higher HR around the time of the 
trauma) will be critical to our understanding of the role of 
HR as a reliable predictor of PTSD development. Substantial 
work remains to be done elucidating the processes, pathways, 
and modulators by which risk and resilience after traumatic 
injuries are linked to cognitive and behavioral responses (eg, 
catastrophizing, approach/avoidance,52 perceived controlla
bility53,54 and environmental qualities (eg, support, safety).55 
Future work that incorporates these considerations may 

help to refine knowledge regarding endophenotypes iden
tifying groups of traumaexposed individuals at increased 
risk of developing PTSD.3,56 This knowledge may, in turn, 
provide additional targets for early psychological and phar
macologic intervention. In this regard, while studies have 
assessed the role of secondary preventive pharmacologic 
agents for PTSD,47,48,57 this area of research remains in its  
infancy. Promising avenues of future work will optimally 
assess biologic, cognitive, and behavioral correlates and 
predictors of PTSD symptoms in an effort to elucidate 
mechanisms in the development of PTSD.46 The pathophysi
ology of PTSD can only be understood in the context of such  
related and cooccurring factors.17
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