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Nausea in the peri-traumatic period is associated with
prospective risk for PTSD symptom development
Vasiliki Michopoulos1,2, Jessica Maples-Keller1, Elizabeth I. Roger1,3, Francesca L. Beaudoin4, Jennifer A. Sumner 5,
Barbara O. Rothbaum1, Lauren Hudak6, Charles F. Gillespie1, Ian M. Kronish5, Samuel A. McLean7 and Kerry J. Ressler1,8

While nausea often develops following exposure to trauma, little is known regarding the relationship between peri-traumatic
nausea and prospective risk for developing posttraumatic stress disorder (PTSD). We examined the association between peri-
traumatic nausea and PTSD symptom development in three independent cohorts. Participants were recruited from (1) the
Emergency Departments (ED) at Grady Memorial Hospital (GMH) in Atlanta, GA, (2) from multiple other ED sites in the TRYUMPH
Research Network, and (3) from the ED during evaluation for suspected acute coronary syndrome in the REACH cohort.
Administration of IV ondansetron, the most predominant antiemetic used at GMH, was used as a surrogate marker for nausea in the
initial GMH cohort; nausea was then directly assessed in the internal validation at GMH, and within the replication TRYUMPH
Research Network and REACH cohorts. In the GMH cohort (N= 363), ondansetron administration was associated with increased 1-
and 3-month posttrauma PTSD symptoms in adjusted models (all p’s < 0.05). In the GMH internal validation, nausea significantly
predicted 1 month (p= 0.009; n= 68) and 3 month (p= 0.029; n= 54) PTSD symptoms. In the TRYUMPH cohort (N= 1846), patient
reported nausea in the ED was significantly associated with increased PTSD symptoms (p= 0.009) in adjusted models. In the REACH
cohort (N= 758), peri-traumatic nausea was associated with PTSD symptom severity at the 1-month follow-up in adjusted models
(p’s ≤ 0.008). The current prospective data from three independent cohorts suggest that peri-traumatic nausea is a prospective
predictor of PTSD symptom development. Further studies are needed to determine the mechanistic role of nausea as an
intermediate phenotype of PTSD risk.
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INTRODUCTION
Posttraumatic stress disorder (PTSD) is a common and severe
psychiatric illness characterized by re-experiencing, avoidance and
hyperarousal symptoms following trauma [1, 2]. PTSD has
significant detrimental effects on quality of life and is related to
other adverse health outcomes [3]. Multiple factors are known to
influence individual vulnerability to PTSD development, including
personal and family history of psychopathology and trauma, initial
physiological and emotional responses, and experiences during
trauma such as dissociation, and loss of consciousness and
traumatic brain injury [4–6]. Additionally, severity and duration of
trauma, previous childhood abuse, lack of family and social
support and female sex [2] are risk factors for the development of
PTSD. While these data suggest that the field has identified some
risk factors for PTSD, few studies have described robust
prospective risk factors for PTSD development in the aftermath
of trauma exposure. Given encouraging results on the effect of
immediate psychological and pharmacological interventions in
reducing PTSD development [7, 8], characterizing additional
prospective risk factors could help to better identify individuals
who may benefit from intervention in the acute aftermath of
trauma.

Exposure to trauma is associated with subsequent persistent
somatic symptoms, such as nausea, dizziness, insomnia, fatigue,
headache, constipation, or diarrhea [9, 10]. In a longitudinal study
of adolescent females, those who had reported more lifetime
violence also experienced more frequent and chronic somatic
symptoms, including headaches, stomach aches, and cold sweats
[11]. Higher rates of somatic symptoms in female military veterans
are associated with violence exposure [12] and PTSD [13].
Interestingly, gastrointestinal (GI) symptoms in particular are
highly prevalent in children exposed to violence [14]. A multi-
center cross-sectional study reported GI complaints were pre-
valent in one-fourth of patients diagnosed with PTSD [15]. In a
previous prospective observational investigation of delirium in
elderly surgical patients, postoperative nausea, and vomiting was
associated with PTSD 3 months following surgery [16]. While PTSD
is comorbid with GI somatic symptoms following trauma
exposure, little is known regarding the relationship between such
symptoms in the peri-traumatic period and subsequent PTSD
symptom development. For this reason, we chose to prospectively
analyze the long-term psychiatric outcomes associated with
experiencing nausea, a measure of GI distress, as a trauma
patient, a prevalent somatic complaint during early trauma care
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across a broad range of trauma mechanisms. To our knowledge,
this is the first study to prospectively investigate the association
between peri-traumatic nausea and PTSD symptoms.
We examined the relationship between peri-traumatic nausea

and future PTSD symptoms in trauma survivors across three
samples, including an urban emergency department (ED) trauma
sample, a motor vehicle collision (MVC) trauma sample recruited
across eight ED sites, and a sample of patients presenting to the
ED with suspected acute coronary syndrome (ACS). We hypothe-
sized that the experience of nausea would be predictive of later
development of PTSD symptoms, based on previously reported
associations of PTSD and somatization [9, 10]. In our initial analysis,
ondansetron (Zofran) administration was used as a surrogate
marker for the experience of nausea, as it is given regularly in the
ED setting as an antiemetic [17]. We also performed subsequent
analyses in an internal validation study and two external
replication studies in which peri-traumatic nausea symptoms
were assessed through patient interview rather than through
receipt of antiemetics in the ED.

METHODS
Grady Memorial Hospital, Atlanta GA
Participants. Participants were recruited from the ED at Grady
Memorial Hospital in Atlanta, GA. All study procedures were
reviewed and approved by the Emory Institutional Review Board
(IRB) and the Grady Hospital Research Oversight Committee.
Inclusion criteria included experience of a DSM-IV criterion A
trauma in the last 24 h [18]. Participants were between the ages of
18 and 65. They were able to provide informed consent,
understood and spoke English, and had a phone to allow contact
for follow-up appointment scheduling. Exclusion criteria included
self-report of current or past history of mania, schizophrenia, other
psychoses or prominent suicidal ideation in the last month.
Individuals were also excluded upon medical chart review
for being intoxicated or not alert, in severe pain, active
labor, respiratory distress, anticipating immediate admission or
surgery, medically unstable, or hemodynamically compromised in
any way.

Procedures. Eligible patients were approached after initial
medical evaluation, appropriate laboratory testing, and medical
clearance had occurred. Once a patient agreed to participate and
signed informed consent, trained assessors collected demo-
graphic information and assessments that included information
on prior trauma, substance abuse, current and past depression
and PTSD symptoms, and details concerning the presenting
trauma. Measures included the standardized trauma interview,
beck depression inventory to assess baseline depressive symp-
toms [19], PTSD Diagnostic Scale that captures prior trauma
exposure and pre-existing PTSD symptoms [20], and the child-
hood trauma questionnaire [21]. Participants returned at 1 and
3 months following their ED visit for assessment sessions. The
modified PTSD Symptom Scale (mPSS) [22] was used to assess
PTSD symptoms at follow-up. Inter-rater reliability was 97%.

Ondansetron administration as a proxy for nausea. Ondansetron
administration in the ED was determined by electronic medical
records. Assessors at baseline and follow-up visits were unaware
of ondansetron administration status. Ondansetron (a single 4 mg
IV dose) was administered for reported nausea or prophylactically
upon opiate administration to prevent nausea as part of
prehospital and ED standard of care procedures by healthcare
providers. The assessors for the current observational study were
not involved in the medical decision-making or the administration
of ondansetron. Less than 1% of the sample received other
antiemetic medications (prochlorperazine, promethazine, and
metoclopramide).

Internal validation with self-reported worst nausea. Given the
significant differences identified in PTSD symptoms using
ondansetron as a proxy for nausea, we then included an item in
the baseline ED assessment in which participants were asked,
“Please rate the worse nausea level since the event occurred” on a
scale from 1 to 10, with 1 representing no nausea, 5 representing
moderate nausea, and 10 representing severe nausea.

Statistical analyses. Two analyses of variance were run to
examine differences in PTSD symptoms at 1 month and 3 months
posttrauma (primary outcomes) between those receiving versus
not receiving IV ondansetron while controlling for opiate
administration. For the internal validation cohort, multiple
regression analyses were used to assess whether self-reported
worst nausea level predicted PTSD total symptom severity at 1-
and 3 months posttrauma, adjusting for age, trauma severity,
baseline PTSD and depression symptoms, and ondansetron and
opiate administration. Variables with missing data were excluded
from the GMH analyses. The data was analyzed using SPSS (v.20)
and alpha level was set at p ≤ 0.05 for statistical significance.

TRYUMPH Research Network cohort
Participants. Participants were enrolled as part of two large,
multicenter prospective cohorts of adult patients (one of
European-Americans and one of African-Americans) that recruited
from eight EDs as previously described [23]. The study was
approved by the IRB at each of the study sites, and all participants
provided written informed consent. Patients age 18–65 who
presented to the ED within 24 h after a minor MVC were screened
for eligibility. Patients were excluded if they were admitted to the
hospital, had fractures other than phalangeal fractures, had more
than four lacerations requiring sutures or a single laceration more
than 20 cm in length, or had intracranial or spinal injuries (fracture,
dislocation, or new neurologic deficit). Patients with altered
mental status, pregnant, unable to speak and read English, and
prisoners were excluded, as were patients currently taking beta-
blockers or high dose opioid pain medication on a daily basis.

Procedures. After a patient was deemed eligible, signed informed
consent was obtained. Assessments were completed on web-
based questionnaires administered by trained research assistants.
The interview included demographic information (e.g., age, sex,
education level, income level, employment status, and marital
status) and information regarding the collision. Peri-traumatic
distress in the ED was assessed utilizing the Peri-traumatic Distress
Inventory (PDI) [24]. Information extracted from medical record
included past medical history, vital signs at presentation, and
injury data. Medications administered in the ED, including
ondansetron, were extracted from medical records. Less than
1% of the sample received other antiemetic medications
(prochlorperazine, promethazine, and metoclopramide).

ED nausea and follow-up PTSD symptom assessments. Nausea
symptom burden was assessed by asking participants to rate the
severity of nausea on a zero to ten scale at the ED interview. PTSD
symptoms were measured at 6-week follow-up using the Impact
Event Scale-Revised (IES-R), wherein items are rated on a 5-point
scale ranging from 0 (“not at all”) to 4 (“extremely”), yielding a total
score (range of 0–88) [25].

Data analyses. Multivariable linear regression was performed to
examine the relationship between the receipt of ondansetron and
IES-R scores 6-weeks after MVC. The multivariable regression
models were adjusted for age, race, sex, income, education, ED
peri-traumatic distress, and ED nausea. Descriptive and inferential
statistics were performed using STATA 13.0 statistical software
(StataCorp. L.P., College TX). Variables with more than >5%
missing data were handled using multiple imputation (m= 20).

Nausea in the peri-traumatic period is associated with prospective risk. . .
V Michopoulos et al.

669

Neuropsychopharmacology (2019) 44:668 – 673

1
2
3
4
5
6
7
8
9
0
()
;,:



Imputation was performed using logistic regression for binary
variables, ordinal logistic regression for ordinal variables,
linear regression for continuous variables and predictive mean
matching for semi-continuous variables. Over 95% of the baseline
covariates had no more than 1% missing values, and
the maximum proportion of missing for any baseline covariate
was 6.4%.

REACH cohort
Participants. English- and Spanish-speaking adults aged 18 years
and older were enrolled during evaluation for suspected ACS in
the Columbia University Medical Center ED as part of the
REactions to Acute Care and Hospitalization (REACH) study [26].
Eligible patients were identified by a provisional diagnosis of
“probable ACS” by the treating ED physician, including non-ST-
elevation myocardial infarction on an electrocardiogram and
unstable angina. Exclusion criteria included ST-elevation myocar-
dial infarction on an electrocardiogram, which triggers a rapid
emergency protocol and transfer to the cardiac catheterization
laboratory such that enrollment in the ED was not possible;
inability to follow the protocol (due to dementia or substance
abuse); need for immediate psychiatric intervention; and lack of
availability for follow-up (e.g., due to terminal noncardiovascular
illness). The study was approved by the Columbia University
Medical Center Institutional Review Board; all participants
provided written informed consent. Among those eligible, 61%
enrolled.

Procedures. At study enrollment in the ED, participants com-
pleted measures of demographics (age, sex, and race/ethnicity),
the presence of typical ACS symptoms in the past 24 h including
nausea and perceptions of threat during ED evaluation (see ref.
[27] for details). Medical records were not available for extraction
of medications administered in the ED. During inpatient stay or by
phone after discharge (median 3 days after enrollment), partici-
pants reported information about acute stress disorder (ASD)
symptoms due to evaluation for suspected ACS with the ASD Scale
[28]. Medical covariates reflecting mortality risk and degree of
comorbidity, namely the Global Registry of Acute Coronary Events
[29] and the Charlson Comorbidity Index [30], respectively, were
calculated from medical records. Hospital discharge diagnosis
(ACS; non-ACS) was determined by medical record review
conducted by a research nurse and confirmed by a board-
certified cardiologist. Approximately, 1 month after study enroll-
ment, a phone interview was conducted to assess PTSD symptoms
that developed in response to the suspected ACS event and
related hospital experience.

ED nausea and follow-up PTSD symptom assessments. During
evaluation for suspected ACS in the ED, participants reported if
they experienced any of several ACS symptoms in the last 24 h
before coming to the hospital. The presence of nausea (yes/no)
was queried as part of this ED assessment. At the 1-month follow-
up assessment over the telephone, PTSD symptoms in the last
month that developed in response to the “heart problem,
emergency room visit, and hospitalization 1-month ago” were
assessed using the PTSD Checklist-Stressor Specific version [31].
PTSD symptom severity was calculated by summing responses to
the 17 items (Cronbach’s alpha= 0.92).

Data analyses. Regression was performed to investigate the
relationship between nausea and PTSD scores at 1-month follow-
up; linear regression was used to examine continuous PTSD
symptom severity. We first ran unadjusted models in the overall
sample of 810, followed by multivariable regression models
adjusted for age, sex, race/ethnicity, ED threat perceptions total
score, ASD symptoms total score, GRACE index, Charlson
Comorbidity Index, and confirmed ACS at discharge (yes/no) (n
= 758). Missing data were imputed for total scores if <50% of the
items were missing. The EM algorithm (as implemented in Proc MI
of SAS version 9.4) was used to impute the expected values,
conditional on the participant’s responses to all answered items,
for sporadic missing items of the ASD, threat perception, and PTSD
total scores. Analyses were performed using SPSS, version 24.

RESULTS
Grady Memorial Hospital Cohort
The association between ondansetron and PTSD symptom develop-
ment. A total of 363 individuals were enrolled at Grady Memorial
Hospital (GMH) in the initial cohort, with 249 returning for the 1-
month and 222 for 3-month follow-up assessments. Of the 363
enrolled, 49.7% were involved in a MVC, 9.3% in a sexual assault,
6% in a nonground level fall, 7.4% in a nonsexual assault, 6.8% in a
pedestrian vs. car incident, 3.8% in industrial/home accidents, and
5.2% in motorcycle crash, 4.4% gunshot would, 2.2% stab, 0.8%
burn, and 3% bicycle vs. car accident. The sample was 46.7%
female and racially and ethnically diverse (20.5% White, 71.5%
Black, 5.5% Hispanic, and 2.5% other race/ethnicity), with a mean
age of 34.9 years (standard deviation (SD)= 12.4, range: 18–64). Of
the 363 participants enrolled, 66 received IV ondansetron and one
received IV promethazine for nausea following trauma exposure
and 279 did not. Ondansetron administration during early trauma
care was associated with increased overall PTSD symptoms at
both 1 month (F= 18.3; p < 0.001) and 3 months posttrauma (F=

Fig. 1 Ondansetron administration during early trauma care was associated with increased overall PTSD symptoms at both 1- and 3 months
posttrauma in the initial GMH sample controlling for ED opiate administration (a; mean ± SEM). Self-reported worse nausea level in the peri-
traumatic period is associated with greater PTSD symptoms at both 1 month (r= 0.36; p= 0.002; b) and 3 months (r= 0.39; p= 0.003; c)
posttrauma
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21.4; p < 0.001) in the initial cohort where ondansetron was used
as a surrogate marker for the experience of nausea (Fig. 1a).

Nausea predicts PTSD symptom severity in internal validation. A
total of 111 individuals were enrolled at GMH following the
addition of peri-traumatic nausea question, with 71 returning for
the 1-month and 55 for 3-month follow-up assessments. Of the
111 enrolled, 45.9% were involved in a MVC, 3.6% in a sexual
assault, 1.8% in a nonground level fall, 6.3% in a nonsexual assault,
14.4% in a pedestrian vs. car incident, 8.1% in industrial/home
accidents, and 2.7% in motorcycle crash, 9.0% gunshot would,
2.7% stab, and 3.6% bicycle vs. car accident. The sample was
45.9% female and racially and ethnically diverse (18.9% White,
72.1% Black, 1.8% Hispanic, and 7.2% other race/ethnicity), with a
mean age of 37.1 years (SD= 13.7, range: 18–64). Worst nausea
during the peri-traumatic period predicted PTSD symptom
severity at both 1 month (r= 0.36; p= 0.002; n= 71; Fig. 1b)
and 3 months (r= 0.39; p= 0.003; n= 55; Fig. 1c). Multiple linear
regression analyses adjusting age, trauma severity, baseline PTSD
and depression symptoms, and ondansetron and opiate admin-
istration indicated that worst nausea is predictive of PTSD
symptom severity at 1 and 3 months (Table 1). Worse nausea
significantly predicting PTSD symptoms at 1 month (n= 68, β=
0.30, p= 0.009, (95% CI: 0.26–1.72)) and 3 months posttrauma (n
= 54, β= 0.32, p= 0.029, (95% CI: 0.10–1.81)), whereas ondanse-
tron administration was not a significant predictor at 1 month (β
= 0.035, p= 0.74) or 3 months posttrauma (β=−0.032, p= 0.80)
in this sample.

Replication sample investigating peri-traumatic ondansetron and
nausea with PTSD in the TRYUMPH cohort
Replication in an independent multivariate cohort of European-
Americans (EA, n= 948) and African-Americans (AA, n= 931)
experiencing MVC included a total of 1879 individuals. In both
cohorts, slightly more than 60% of enrolled study participants
were female and the median age in both cohorts was 35 years
(range: 18–65). Approximately, 7.7% of participants received

ondansetron as part of their medical care in the ED (EA: n= 68,
AA: n= 74). Ondansetron administration was associated with
greater PTSD symptom severity (as measured by IES-R scores) at
6 weeks posttrauma (β= 4.3, p= 0.032, (95% CI: 0.36–8.3)).
However, after adjusting for gender, age, race, income, education,
ED peri-traumatic distress, and ED nausea severity, ondansetron
administration was not associated with PTSD symptom severity at
6 weeks posttrauma exposure (β=−2.29, p= 0.18 (95% CI: −5.70
to 1.11)). In contrast, in this adjusted model, ED nausea severity
remained significantly associated with increased PTSD symptoms
at 6 weeks posttrauma (β= 3.00, p= 0.009 (95% CI: 0.74–5.27):
Fig. 2).

Replication sample investigating nausea with PTSD after
suspected ACS in the REACH cohort
A total of 810 participants evaluated for suspected ACS had data
on nausea and PTSD symptoms at 1-month follow-up. The sample
was 46.8% female and racially and ethnically diverse (17.8% White,
21.0% Black, 54.7% Hispanic, and 6.4% other race/ethnicity), with a
mean age of 61.1 years (SD= 13.0, range: 22–100). Nearly, a
quarter of the sample reported nausea in the ED (23.6%, n= 191).
Nausea was significantly associated with greater PTSD symptom
severity at 1-month follow-up in both unadjusted [β= 0.13, p <
0.0001, (95% CI: 1.62–5.25), n= 810] and fully adjusted [β= 0.09,
p= 0.006 (95% CI: 0.68–3.96), n= 758] models (Fig. 3).

DISCUSSION
The current prospective data from three independent observa-
tional studies indicate that nausea in the immediate aftermath of
trauma is a strong predictor of increased PTSD symptom
development prospectively. These findings are most robust at
1 month and 3 months following the index trauma. Initial
exploratory analyses indicate an association between ondansetron
administration and PTSD symptoms; however, follow-up analyses
in an internal validation as well as in the TYRUMPH cohort indicate
that when ED nausea severity is included in analyses, ondansetron
administration no longer is a significant predictor of PTSD
symptoms, whereas peri-traumatic nausea significantly predicts
PTSD symptoms prospectively. In an additional replication sample
of patients presenting to the ED with suspected ACS and followed
for the onset of PTSD symptoms in response to the ACS evaluation
and related hospital experience, self-reported nausea also
predicted elevated PTSD symptoms at 1-month follow-up (both
in terms of continuous symptom severity and screening positive
for PTSD). Taken together, these findings suggest that peri-

Table 1. Multiple regression with self-reported worse nausea levels
and baseline predictors predicting PTSD symptoms 1 (n= 68) and
3 months (n= 54) following trauma the internal validation GMH
sample

PTSD symptoms R R2 SE β p Value

1-month posttrauma 0.65 0.43 8.54

Age 0.19 0.075

Trauma severity 0.091 0.38

Baseline PTSD −0.058 0.71

Baseline depression 0.55* 0.001

Ondansetron 0.035 0.74

Opiates −0.016 0.88

Worst nausea 0.30* 0.009

3 months posttrauma 0.54 0.29 8.63

Age 0.14 0.084

Trauma severity −0.004 0.98

Baseline PTSD 0.24 0.90

Baseline depression 0.31 0.11

Ondansetron −0.032 0.80

Opiates 0.13 0.31

Worst nausea 0.32** 0.029

*p ≤ 0.01.
**p≤0.05.

Fig. 2 Mean ± SEM total posttraumatic stress disorder (PTSD)
symptom scores at 6 weeks following an MVC for participants in
the TRYUMPH cohort who did and did not report nausea in the
emergency department
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traumatic nausea may identify trauma survivors at risk for the
development of PTSD symptoms that may benefit from early
interventions that attenuate risk for PTSD [7, 8]. Our results are
consistent with multiple published studies that have found
associations between somatic symptoms and PTSD following the
experience of violence and trauma [9, 10]. To our knowledge, peri-
traumatic nausea has not yet been described as a predictor for
PTSD. However, postoperative nausea and vomiting has been
associated previously with PTSD diagnosis 3 months after surgery
in a prospective observational clinical study of elderly patients
undergoing general anesthesia [16].
While the mechanism by which nausea may influence PTSD

development remains unclear, increased autonomic nervous
system activity is common to both conditions. Autonomic nervous
system pathways are involved in fear consolidation and associated
with aversive learning processes, such as conditioned taste
aversion (CTA) [32]. CTA is a classical conditioning process wherein
a taste associated with nausea results in learned taste-specific
aversion. Appropriate and rapid CTA is an evolutionary advantage;
a single taste inducing nausea will stimulate lasting aversion [33].
The actions of calcitonin gene-related peptide (CGRP) in the
parabrachial nucleus are necessary for activating the noradrener-
gic sympathetic system [34] and for a normal CTA response [35].
CGRP itself contributes to fear learning during fear conditioning in
rodent models, and antagonism of CGRP impairs the acquisition of
contextual fear [36]. While these data suggest that CGRP signaling
in the immediate aftermath of trauma may be a future target to
investigate for determining the mechanisms by which nausea
increases risk for PTSD development, it is important to note that
isolating nausea from experiences of threat and fear response
activation in the context of trauma exposure is difficult.
In addition to being a physiological read-out of autonomic

activation, it is possible that nausea itself contributes to the
enhanced consolidation of the trauma memory in those who
develop PTSD via other mechanisms. Nausea involves signals from
the chemoreceptor zones in the area postrema, the vestibular
system, and afferent vagal nerves from the GI tract sensitive to
digested cytotoxic substances [37]. While the central mechanism
regulating these signals to generate nausea is still not fully
understood [37], nausea may be controlled by 5HT3 antiemetic
agents such as ondansetron [38]. The 5HT3 receptor is expressed
centrally in the hippocampus, amygdala, and cortex; all areas that
are involved in memory and emotional regulation and are
essential for extinction of conditioned fear [39, 40]. Notably,
however, our finding that ondansetron dosing in the ED was
initially associated with PTSD suggests that suppressing nausea

alone, at least within the time frame utilized in these cases, may
not be sufficient to decrease PTSD risk.
Peri-traumatic nausea may also symptomatically reflect an acute

stress-driven rise in central serotonin [41] following trauma
exposure that leads to nausea and which may in parallel also
intensify the encoding of trauma-related memories and their later
symptomatic expression in the form of PTSD. Indirect support for
this hypothesis comes from preclinical and clinical research on the
acute effects of selective-serotonin reuptake inhibitors (SSRIs) that
are commonly used for treatment of a spectrum of depressive and
anxiety disorders. Clinical studies have found repeatedly that SSRIs
may intensify anxiety and agitation in a subset of patients during
the acute phase of treatment [42] and they may also acutely
contribute to nausea and emetogenesis [43]. Although the exact
mechanism for the acute clinical effects of SSRIs on anxiety is
unknown, one possibility may be that the rapid rise in synaptic
serotonin that occurs as a consequence of reuptake inhibition
results in anxiogenesis in vulnerable individuals. Translational
studies in healthy human subjects have found that acute
administration of the SSRI, citalopram, enhances the recognition
of fearful faces and increases baseline startle [44]. Similarly, acute
administration of escitalopram worsens anxiety and increases
plasma cortisol in response to a psychosocial stress task [45].
Collectively, these data suggest that exaggerated serotonergic
signaling during acute stress may contribute to both nausea
symptoms and intensified encoding of trauma-related memories
to elevate risk for PTSD development.
In conclusion, the current study is the first prospective account

linking peri-traumatic nausea to significantly increased risk for
PTSD. This finding was replicated across three diverse and distinct
samples. However, further research is needed to explore the
relationship between peri-traumatic nausea and PTSD symptom
development, as the current study was not randomized and the
possibility remains that other factors may influence the associa-
tion between nausea and PTSD symptoms development, includ-
ing ondansetron’s direct actions on blocking serotonin 3
receptors. Furthermore, ondansetron was used as a proxy of
nausea in the initial Grady study, but nausea did not predict
ondansetron in the GMH internal validation, suggesting that there
may be other factors associated with ondansetron administration
in the ED or peri-traumatic nausea itself that may influence the
relationship between the two. Future randomized studies focusing
on the association between other peri-traumatic somatic symp-
toms and subsequent PTSD outcomes are also warranted, as there
is a high comorbidity between minor traumatic brain injury and
PTSD [5]. Translational research must be undertaken to identify
the role of nausea in PTSD development and fear memory
consolidation. An exciting possibility is that nausea may represent
a targetable intermediate phenotype related to enhanced fear
consolidation contributing to PTSD development. Risk factors for
PTSD are often difficult to assess in an ED setting, whereas self-
reported nausea may be a robust biomarker for PTSD risk that can
be efficiently and easily assessed in EDs and may identify
individuals who would benefit from early interventions [7, 8].
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