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CHAPTER 7: 
The role of early 
pharmacotherapy in 
the development of 
posttraumatic stress 
disorder symptoms 
after traumatic injury: 
An observational 
cohort study in 
consecutive patients

 Mouthaan, J., Sijbrandij, M., Reitsma, J.B., Luitse, J.S.K., Goslings, J.C., Gersons, B.P.R., & Olff, M. 
(submitted). The role of early pharmacotherapy in the development of posttraumatic stress disorder 
symptoms after traumatic injury: An observational cohort study in consecutive patients. 
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ABSTRACT

Background: 
Pharmacological intervention during traumatic memory 
consolidation has been suggested to prevent posttraumatic 
stress disorder (PTSD). We investigated the association between 
opiate analgesics, beta-adrenergic blockers, corticosteroids 
and benzodiazepines, administered within the first 48 hrs of 
traumatic injury, and the risk of developing PTSD symptoms at 
6 weeks posttrauma.

Methods: 
The use of opiate analgesics, beta-adrenergic blockers, 
corticosteroids and benzodiazepines within 48 hrs post-injury 
was documented based on hospital charts for 629 level 1 
trauma center patients. PTSD symptoms were assessed using 
structured clinical interviews. Primary outcome was 6-week 
PTSD symptoms. Secondary outcomes were PTSD diagnoses 
at 6 weeks and during 1 year posttrauma.

Results: 
Linear regression analyses showed that opiate administration 
within 48 hrs was negatively associated with PTSD symptoms at 
6 weeks (β=-0.14, p=.009) after controlling for demographic and 
injury-related characteristics and concurrent pharmacotherapy. 
Fewer patients with opiates had a PTSD diagnosis at 6 
weeks (p=.047) and during 1 year posttrauma (p=.013) than 
patients with none of the specified pharmacotherapies. Low 
prescription frequency of beta-blockers, corticosteroids and 
benzodiazepines precluded further examination regarding their 
role in the development of PTSD symptoms.

Conclusions: 
This study suggests a possible beneficial influence of opiate 
administration within 48 hrs posttrauma on the development of 
PTSD symptoms. Future studies may evaluate the effectiveness 
of in-hospital opiate analgesics compared to placebo in 
preventing PTSD and may focus on the mechanisms underlying 
the effect of opiates in preventing PTSD.
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7.1 INTRODUCTION

Posttraumatic stress disorder (PTSD) is a disabling disorder with a reported lifetime 
prevalence of around 7% (de Vries & Olff, 2009; Kessler et al., 2005). PTSD is 
characterized by symptoms of intrusion (e.g., involuntary memories and nightmares), 
avoidance of trauma-related thoughts or external reminders, negative alterations in 
cognition and mood and alterations in arousal and reactivity (e.g., sleep disturbance, 
concentration problems, hypervigilance; American Psychiatric Association, 2013). 
Efforts to prevent the onset of PTSD with psychological interventions were not 
successful (Rose et al., 2003), and psychological debriefing may even increase 
PTSD symptoms (Sijbrandij et al., 2006). It has been suggested that emphasizing 
the recall of emotions and details associated with the event early after trauma 
may exacerbate PTSD symptom development and interfere with natural recovery 
(Sijbrandij et al., 2006). This has shifted attention to pharmacological intervention as 
an alternative, neurobiological way to promote the natural recovery from traumatic 
stress. Of most interest are beta-adrenergic blockers, corticosteroids, opiate 
analgesics and benzodiazepines.
 Beta-adrenergic blockers: One proposed neurobiological pathway is that 
the hyperadrenergic state, that occurs after trauma exposure, may cause an 
overconsolidation of the traumatic memory (Pitman, 1989). This is revealed in 
intrusions that in turn may cause a re-release of glucocorticoids and catecholamines 
which further enhance the consolidation of the traumatic memory. Evidence for 
this positive feedback loop comes from studies that found that the onset of PTSD 
is associated with increased heart rate variability (Bryant, Marosszeky, Crooks, & 
Gurka, 2004; O’Donnell, Creamer, Elliott, & Bryant, 2007; Shaikh al et al., 2012; 
Zatzick et al., 2005), urinary (nor)epinephrine (Delahanty et al., 2005; Delahanty et 
al., 2000; Delahanty et al., 2003), and a dysregulated cortisol response (Aardal-
Eriksson et al., 2001; Delahanty et al., 2000; Ehring et al., 2008; McFarlane et 
al., 2011; Mouthaan, Sijbrandij, Luitse et al., 2014). Medication that acts on the 
hyperadrenergic state may prevent this positive feedback loop (Pitman, 1989), 
and subsequent PTSD. Beta-adrenergic antagonists, or beta-blockers, such as 
propranolol, interfere with the binding to the receptor of epinephrine and other 
stress hormones. Animal studies found that increased (nor)adrenaline levels in the 
body and the brain during encoding and consolidation led to increased memory 
performance, while beta-adrenergic blockade in the same phase reduced memory 
performance (for a review, see van Stegeren, 2008). A randomized controlled 
trial (RCT) in individuals with acute medical trauma and elevated heart rate at the 
emergency room found that psychophysiological responses (as measured with fear-
potentiated startle to trauma scripts) were lower at 3 months following trauma in 
the propranolol than in the placebo group (Pitman et al., 2002). A non-randomized 
controlled study found fewer PTSD symptoms in the 2-month follow-up in eleven 
injury patients with propranolol compared to eight patients without propranolol 
or placebo (Vaiva et al., 2003). Subsequent RCTs (Nugent et al., 2010; Stein et 



118

al., 2007) and a case-control study (McGhee et al., 2009), however, failed to find 
significant effects of propranolol in preventing PTSD. As a confirmation of these 
findings, a recent animal study found that immediate post-stressor propranolol 
administration did not prevent PTSD-like behavioral responses, despite reductions 
in physiological stress responses and long term memory performance (Cohen et 
al., 2011). 
 Corticosteroids: Hydrocortisone is another pharmacological intervention that 
has been proposed as a strategy to prevent PTSD (Aardal-Eriksson et al., 2001; 
Delahanty et al., 2000; Ehring et al., 2008; McFarlane et al., 1997; McFarlane et al., 
2011; Resnick et al., 1997; Yehuda et al., 1998). The rationale behind the use of 
hydrocortisone to prevent PTSD is the assumed involvement of a dysregulated HPA-
axis in the onset of PTSD symptoms. Lower levels of circulating cortisol are assumed 
to prolong the adrenergic response, thereby strengthening the consolidation of 
the fear memory (Yehuda, 2002). Thus, it has been argued that the administration 
of glucocorticoids counteracts and impairs memory consolidation and recall. 
In animals, corticosterone administration following a stressor reduced extreme 
disruptive and PTSD-like behavior and improved resilience to subsequent trauma 
(Cohen et al., 2006; Cohen, Matar, Buskila, Kaplan, & Zohar, 2008). In humans, 
non-randomized (Schelling et al., 1999) and randomized (Delahanty et al., 2013; 
Schelling et al., 2001; Schelling et al., 2004; Zohar, Yahalom et al., 2011) controlled 
trials have demonstrated that hydrocortisone administration after medical trauma 
was associated with a lower risk for PTSD symptom development. This suggests 
the possibility of the HPA-axis to return to homeostasis by early glucocorticoid 
administration. 
 Opiate analgesics: In addition to beta-blockers and hydrocortisone, other 
approaches to pharmacological PTSD prevention have also been explored. Findings 
from preclinical studies suggest that early use of opiate analgesics after trauma might 
prevent or impair traumatic memory consolidation by attenuating noradrenergic 
activity and dampening fear conditioning by containing the HPA response (Good 
& Westbrook, 1995; McNally & Westbrook, 2003; Pitman, 1989). Support for this 
protective effect was found in post-hoc examinations in prospective studies of 
trauma survivors. Studies in children with burns (Saxe et al., 2001; Stoddard, Jr. 
et al., 2009) and traumatic injury (Nixon et al., 2010) found positive associations 
between morphine dosage during hospitalization and greater decline in PTSD 
symptoms in the first 6 months posttrauma. In addition, a prospective study of 
155 adult injury patients reported that morphine dose within the first 48 hrs, but 
not within the first week, was associated with fewer PTSD symptoms at 3 months 
(Bryant et al., 2009). A retrospective study of combat injury victims found that 
receiving morphine during acute trauma care was associated with a reduced risk 
for a PTSD diagnosis within 24 months following injury (Holbrook et al., 2010). 
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 Benzodiazepines: Benzodiazepines are frequently prescribed sedatives or 
anxiolytics during posttrauma hospitalization (Zatzick & Roy-Byrne, 2006). They 
act on the neurotransmitter GABA at the GABAA receptor with sedative, hypnotic 
(sleep-inducing), anxiolytic (anti-anxiety), anticonvulsant, and muscle relaxant effects 
(Page et al., 2005). Benzodiazepines are also known for enhancing emotional 
memory, which acutely after trauma may impact traumatic memory consolidation 
and worsen PTSD symptoms (for a review, see Zohar, Juven-Wetzler et al., 2011). 
Acute benzodiazepine administration was positively associated with PTSD in two 
small trials of injury victims (Gelpin et al., 1996; Mellman et al., 1998). These findings, 
along with pre-clinical evidence that acute post-stressor alprazolam administration 
negatively affects behavioral outcomes to subsequent stress exposure (Matar et al., 
2009), suggest a negative effect of benzodiazepines on natural recovery following 
trauma. Retrospective studies of combat injury patients (Holbrook et al., 2010; 
McGhee et al., 2009) and a prospective study in children with burns (Saxe et al., 
2001) did not find significant associations between benzodiazepines during acute 
trauma care or hospital stay and PTSD outcomes.  
 In this prospective study, we examined whether the administration of beta-
blockers, corticosteroids, opiate analgesics and benzodiazepines within the first 48 
hrs posttrauma was associated with PTSD symptom development in a naturalistic 
sample of injury patients. We expected that early administration of beta-blockers, 
corticosteroids and opiate analgesics was associated with lower levels of PTSD, 
but that benzodiazepine administration was associated with higher levels of PTSD 
at follow-up.

7.2 MATERIALS AND METHODS

7.2.1 
Subjects and procedure

Consecutive injury patients who were transported by ambulance or trauma helicopter 
to the level-1 trauma center of the Academic Medical Center in Amsterdam, The 
Netherlands, between September 2005 and March 2009, were eligible for the 
study, if (a) they were 18 years of age or older, (b) their injuries were sustained in 
a traumatic event cf. the A1-criterion of the DSM-IV PTSD diagnosis (American 
Psychiatric Association, 2000), and (c) they mastered the Dutch language. Patients 
were excluded if their injuries were due to deliberate self-harm, if they suffered from 
an organic brain condition, current psychotic symptoms or disorder, bipolar disorder, 
depression with psychotic features, if they had moderate to severe traumatic brain 
injury (i.e., Glasgow Coma Scale (GCS) score of less than 13; Teasdale & Jennett, 
1974), or if they permanently resided outside the Netherlands. Medical ethical 
approval was obtained from the institutional review board of the Academic Medical 
Center. Research assistants selected eligible patients from the hospital’s registration 
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system and contacted them within 72 hrs of the injury in-hospital or by telephone for 
participation. Patients provided verbal and written informed consent after complete 
description of the study. Psychological assessments were performed at the Center 
for Anxiety Disorders of the Academic Medical Center, at bedside or at the patients 
home by trained master and bachelor level psychologists at several time points 
during the first year following trauma (for more details, see Mouthaan et al., 2011). 
Trauma Unit staff assessed injury severity and Glasgow Coma Score at the time of 
initial medical examination. PTSD symptom severity at 6 weeks was considered 
the main outcome in this study. Secondary outcomes were PTSD diagnosis at 6 
weeks and during the first year after trauma. 

7.2.2 
Measures

Predictor variables

All medications prescribed in-hospital up to 48 hrs posttrauma were obtained from 
the hospital records by research assistants and the main researcher. For this study, 
any medication from the following categories was scored as absent/present: 

 - beta-adrenergic blockers (i.e., sotalol, bisoprolol, metoprolol, atenolol,  
  nebivolol, carvedilol, labetalol);
 - systemic corticosteroids (i.e., hydrocortisone, prednisone,    
  dexamethasone, betamethasone, methylprednisolone, prednisolone);
 - opiate analgesics (i.e., morphine, fentanyl, pethidine, tramadol);
 - benzodiazepines (i.e., oxazepam, diazepam, clorazepate, lorazepam,  
  temazepam, midazolam, flunitrazepam, zopiclone, zolpidem). 

Injury severity was assessed using the Injury Severity Score (ISS), ranging from 0 
(no injury) to 75 (unsurvivable injury) with a score of 16 and higher indicating severe 
injury (Copes et al., 1990). The Glasgow Coma Scale (GCS) is a neurological 
scale to record level of consciousness and consists of three parameters: Best Eye 
Response (four grades), Best Verbal Response (five grades), Best Motor Response 
(six grades). Resulting scores are between 3 (deep unconsciousness) and 15 (fully 
conscious; Teasdale & Jennett, 1974).

Posttraumatic stress symptoms and disorder

PTSD symptoms and diagnosis were assessed using the Clinician Administered 
PTSD Scale (CAPS; Blake et al., 1995).The CAPS is a well-established 30-item 
semi-structured interview for diagnosing PTSD (Weathers et al., 2001). Symptom 
severity is determined by adding frequency and intensity of the 17 symptoms 
of intrusion, avoidance and hyperarousal (both ranging from 0 to 4, total scores 
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ranging from 0 to 136). The rule of Weathers et al. (1999) was used to establish a 
PTSD diagnosis, in which symptoms need at least a frequency of 1 and intensity 
of 2 with a total score of at least 45 points.

7.2.3 
Analysis

Descriptive statistics were used to compute frequencies, percentages, means 
and standard deviations for demographic and clinical characteristics and 
pharmacotherapy categories. As part of a longitudinal database with multiple 
repeated PTSD assessments, missing data of continuous CAPS outcomes were 
replaced using multiple imputation (SPSS 21.0), creating five different datasets. In 
this procedure, the fully conditional specification approach was used, in which data 
were imputed on a variable-by-variable basis by specifying an imputation model per 
variable. This method has been found to work well in practice (van Buuren, 2011). 
 Our main model to examine whether the early use of specific pharmacological 
treatment was associated with higher or lower levels of PTSD symptoms was 
based on the CAPS measurement at 6 weeks. Examination of the frequency of 
pharmacotherapy within 48 hrs posttrauma showed that that beta-blockers (3.8%), 
corticosteroids (2.2%) and benzodiazepines (7.8%) were prescribed only rarely. 
As a consequence, further linear regression analysis was performed for the main 
effect of opiate analgesics only. However, concurrent prescription of beta-blockers, 
corticosteroids and benzodiazepines was controlled for in these analyses. We 
applied the following modeling strategy to gain insight in the relationship between 
the use of opiate analgesics and PTSD symptoms. In step 1, we examined the 
univariate model of opiate analgesics. Next, in consecutive steps, we examined 
the change in beta, 95% CI and p-value when controlling for demographics, e.g., 
age, gender (step 2), injury- and trauma-related characteristics, e.g., Emergency 
Department heart rate, ISS, GCS, type of traumatic event (i.e., dummy variables of 
traffic accident, physical abuse, work-related accident, fall from height and other) 
(step 3), and concurrent pharmacotherapy categories within 48 hrs posttrauma 
(step 4). 
 In addition, a chi-square test was performed to examine whether patients 
with opiate analgesics in the initial 48hrs of hospital care had a higher or lower risk 
of receiving a PTSD diagnosis at 6 weeks and in the year following the trauma. 
Only patients with opiate analgesics and no concurrent pharmacotherapy (i.e.,  
beta-blockers, corticosteroids or benzodiazepines) were included in the chi-square 
analysis, and were compared to patients who received no medication from any of 
the specified pharmacotherapy categories. All analyses were carried out in SPSS 
21.0 with p-values < .05 indicating statistical significance.
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7.3 RESULTS

7.3.1 
Participants

Of 1,583 eligible injury patients, 629 patients (39.7%) were included in the final 
sample, 437 patients (27.6%) did not respond to our participation requests, 403 
(25.5%) refused or withdrew  from the study before the baseline assessment and 
114 (7.2%) met exclusion criteria (see Figure 7.1 for a flow chart). Table 7.1 shows 
demographic, injury and clinical characteristics of the participant sample. Of the total 
sample, 456 patients (72.5%) were assessed for PTSD at 6 weeks, at a median of 
45 days (Inter Quartile Range = 36-62), and 530 patients (84.3%) were assessed 
for PTSD within the first year after trauma. PTSD prevalence was 12.3% at 6 weeks 
(n = 56) and 15.7% during 1 year after injury (n = 83). Within the patients assessed 
for PTSD at 6 weeks, more patients were administered beta-blockers than among 
those not assessed at 6 weeks (n = 22, 4.8%, versus n = 2, 1.2%; β²(1)=4.60, p = 
.034). There were no other significant differences between patients with or without 
a PTSD assessment at 6 weeks or within the first year posttrauma on any baseline 
demographic or injury-related characteristic. Concurrent medication administrations 
are presented in Supplementary Table 1.

7.3.2 
Associations between early pharmacotherapy and development of PTSD

Table 7.2 presents the results from the stepwise linear regression analysis of opiate 
analgesics on 6-week PTSD symptoms. In the full model (step 4), controlling for 
demographics, injury characteristics and concurrent early pharmacotherapy, 
administration of opiate analgesics within 48 hrs posttrauma was negatively 
associated with PTSD symptoms. 
 Significantly fewer patients with early opiates (8 of 121 patients; 
6.6%) developed PTSD at 6 weeks than patients without any of the specified 
pharmacotherapy categories (37 of 274 patients; 13.5%; β²(1)=3.95, p=.047). 
Similarly, 12 of 138 patients with opiates (8.7%) were diagnosed with PTSD 
during 1 year after injury compared to 57 of 322 patients who did not receive 
pharmacotherapy (17.7%) (β²(1)=6.15, p=.013).  
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Figure 7.1.Flow chart of study participants

2,020 adult injured 
trauma patients

1,583 eligible patients 
contacted

629 patients included

456 patients assessed 
for PTSD at 6 weeks 

(72.5%)

530 patients assessed 
for PTSD within 1 year

(84.2%)

99 not available for 12 
month assessment

173 not available for 6 
week assessment

 287 not eligible:
-  deceased (108)
-  living abroad (95)
- self-inflicted injuries or 
 suicide attempt (73)
-  permanent brain damage (11)

 150 could not be located

 437 did not respond

 114 met exclusion
 criteria:
-  physically or mentally
 not stable /weak (32)
- severe psychiatric
 symptoms (30)
-  non-Dutch speaking (23)
-  dementia (18)
-  insufficient cognitive skills (11)

 383 refused

 20 withdrew
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Characteristic N %

Male 416 66.1

Age in years (Mean, SD) 43.6 15.8

Married or cohabitating 227 38.7

College or university degree 125 19.9

Country of origin: Netherlands 477 81.8

Prior traumatic events (Mean, SD) 2.9 2.2

Traumatic event:  

     Traffic accident 401 63.8

     Fall from height 94 14.9

     Work-related accident 64 10.2

     Physical abuse 30 4.8

     Other (e.g., fire, recreational,  40 6.4

  natural disaster, airplane crash)

ISS (Mean, SD) 8.7 8.6

GCS (Mean, SD) 14.3 2.5

Admitted to hospital 441 70.3

Admitted to ICU 83 13.2

Categories of early pharmacotherapy:  

     Beta-blockers 24 3.8

     Corticosteroids 14 2.2

     Opiate analgesics 217 34.5

     Benzodiazepines 49 7.8

CAPS at 6 weeks (Mean, SD) 21.7 20.7

PTSD diagnosis at 6 weeks 56 12.3

PTSD diagnosis during 1 year post-trauma 83 15.7

Table 7.1. Demographic, injury-related and clinical characteristicsa 
 of the study sample (N = 629)

ISS, Injury Severity Score; GCS, Glasgow Coma Score; ICU, intensive care unit; CAPS, 
Clinician Administered PTSD Scale; PTSD, Posttraumatic Stress Disorder.
a Values represent frequencies and percentages, unless otherwise specified.
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 Beta  95% CI p

Step 1: Univariate model -.10 -.20,-.01 .04

Step 2: Univariate model  -.10 -.20, .00 .045

+ demographic characteristics

Step 3: Univariate model  -.12 -.22,-.02 .02

+ demographic + injury characteristics

Step 4: Univariate model + demographic  -.14 -.24,-.04 .01

+ injury characteristics + concurrent pharmacotherapy 

Pharmacotherapy N %

Neither opiate analgesics, beta-blockers,  387 45.4

corticosteroids or benzodiazepines

Opiate analgesics (alone or in combination) 217 34.5

     Opiates alone 163 25.9

Benzodiazepines (alone or in combination) 49 7.8

     Benzodiazepines alone 12 1.9

Beta-blockers (alone or in combination) 24 3.8

     Beta-blockers alone 6 1.0

Corticosteroids (alone or in combination) 14 2.2

     Corticosteroids alone 6 1.0

Table 7.2. Stepwise linear regression results of the effects of opiate analgesics on  
 6-week PTSD symptoms.

Supplementary Table 7.1. (Concurrent) Pharmacotherapy Administration Within  
 48 Hrs Post-Injury.

Demographic characteristics (Step 2): age, gender; Injury characteristics (Step 3): emergency 
department heart rate, ISS, GCS, dummy-coded traumatic event variables (traffic accident, 
physical abuse, work-related accident, fall from height, other traumatic event); Concurrent 
pharmacotherapy (Step 4): beta-blockers, corticosteroids, benzodiazepines.
N.B.: Step 1, R2adjusted=.01; Step 2, ΔR2=.02; Step 3, ΔR2=.11; Step 4, ΔR2=.01.
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7.4 DISCUSSION

In this study, we examined whether early posttrauma administration of 
pharmacotherapy was associated with the development of PTSD symptoms at 6 
weeks following injury. The results showed that patients who were administered 
opiates within 48 hrs (34.5%) developed less PTSD symptoms at 6 weeks, after 
controlling for relevant demographic and injury characteristics and concurrent early 
pharmacotherapy. In a similar vein, PTSD incidence at 6 weeks and during the first 
year following trauma was lower in patients who were administered opiate analgesics 
within 48 hrs, than in patients who were not administered any of the pre-specified 
types of pharmacotherapy. Because beta-blockers (3.8%), corticosteroids (2.2%) 
and benzodiazepines (7.8%) were rarely prescribed, their role in the development 
of PTSD was not examined further. 
 Our findings are in line with previous studies in injured populations that 
reported associations between morphine prescription and lower levels of PTSD 
symptoms or lower PTSD incidence in the months following injury (Bryant et al., 
2009; Holbrook et al., 2010; Nixon et al., 2010; Saxe et al., 2001; Stoddard, Jr. 
et al., 2009). Furthermore, they extend these previous findings in an adult injured 
trauma population (Bryant et al., 2009) by showing that opiates may reduce the 
risk for PTSD even after controlling for concurrent pharmacotherapy, even up to 1 
year post-trauma. Animal studies suggest that opiates inhibit the locus coeruleus, 
a main noradrenergic center in the brain, and attenuate fear acquisition and block 
stress-induced signals to the amygdala producing hypoalgesic response (Christie, 
1991; Good & Westbrook, 1995; Westbrook, Greeley, Nabke, & Swinbourne, 1991). 
Pre-clinical studies also showed that morphine attenuates norepinephrine after 
stress exposure and causes amnesia for fear conditioning (Kohno, Tanaka, Hoaki, 
Ida, & Nagasaki, 1983; Tanaka et al., 1983; Tanaka et al., 1991). On a psychological 
level, cognitive models posit that the individual appraisal of the event may catalyze 
intrusive memories leading to PTSD symptoms (Ehlers & Clark, 2000; Olff et al., 
2005). Morphine may, by decreasing threat appraisal, therefore, prevent subsequent 
posttraumatic stress reactions. Another possible explanation for a protective effect 
of opiates on the development of PTSD, may be the dampening of pain responses. 
Studies showed that pain may contribute to the development and maintenance of 
PTSD symptoms (Bryant et al., 2009; Norman et al., 2008; Zatzick & Galea, 2007). 
The administration of opiate analgesics to injury patients at our trauma center is 
mainly guided by the level of reported or expected pain by a patient or the medical 
staff.   Since we did not assess acute pain in the current study, it is unclear whether 
pain reduction mediated the relation between opiates and PTSD symptoms in our 
study.
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 Due to the low prescription of beta-blockers, corticosteroids and 
benzodiazepines within our naturalistic sample of injury patients, their role in the 
development of PTSD symptoms was not examined further. Of note, a previous 
epidemiological study also found that these medications were rarely prescribed in a 
population of adult or adolescent injury patients at a level 1 trauma center (Zatzick 
& Roy-Byrne, 2006). 
 A major limitation of an observational design is that patients who receive 
specific medications are, by definition, different from those that did not. Therefore, 
we adjusted for various potential relevant factors to gain insight in the relationship 
between opiates and PTSD. However, there is always the risk of residual confounding 
still being present. Ideally, the prescription of medication should be randomized to 
avoid this issue, but this is of course not ethical. An important limitation of our data 
was that the prescription of pharmacotherapy was only available in a dichotomous 
(yes/ no) format. Since we do not know what dosages were prescribed, the 
dosages may have been too low to generate an effect. Finally, we did not control 
for acute pain, which may mediate the effect of a pharmacological agent on PTSD’s 
development.
 Based on our findings it is premature to suggest any clinical implications for 
the early use of opiates  in the prevention of PTSD after injury. Further research is 
needed to test the effectiveness of early in-hospital opiate administration compared 
to placebo in preventing PTSD in recent trauma survivors. In addition, future studies 
may elucidate the mechanisms through which opiates may reduce the risk of PTSD. 
Future research into the role of beta-blockers, corticosteroids and benzodiazepines, 
administered early after trauma, in injured trauma populations may better profit from 
controlled examination of the effectiveness of these medications on subsequent 
PTSD, to replicate any previous findings.
 In conclusion, this study suggests a possible beneficial influence of opiate 
administration within 48 hrs posttrauma on the development of PTSD symptoms. 
Future studies may evaluate the effectiveness of in-hospital opiate analgesics 
compared to placebo in preventing PTSD and may focus on the mechanisms 
underlying the effect of opiates in preventing PTSD.




