
Differential Odor Sensitivity in PTSD: Implications for Treatment 
and Future Research

Bernadette M. Cortese, Ph.D.1, Kimberly Leslie, R.N.1, and Thomas W. Uhde, M.D.1

1Department of Psychiatry and Behavioral Sciences, MUSC, Charleston, SC, US

Abstract

Background—Given that odors enhance the retrieval of autobiographical memories, induce 

physiological arousal, and trigger trauma-related flashbacks, it is reasonable to hypothesize that 

odors play a significant role in the pathophysiology of posttraumatic stress disorder (PTSD). For 

these reasons, this preliminary study sought to examine self-reported, odor-elicited distress in 

PTSD.

Methods—Combat veterans with (N=30) and without (N=22) PTSD and healthy controls (HC: 

N=21), completed an olfactory questionnaire that provided information on the hedonic valence of 

odors as well as their ability to elicit distress or relaxation.

Results—Two main findings were revealed: Compared to HC, CV+PTSD, but not CV-PTSD, 

reported a higher prevalence of distress to a limited number of select odors that included fuel (p=.

004), blood (p=.02), gunpowder (p=.03), and burning hair (p=.02). In contrast to this increased 

sensitivity, a blunting effect was reported by both groups of veterans compared to HC that 

revealed lower rates of distress and relaxation in response to negative hedonic odors (p=.03) and 

positive hedonic odors (p<.001), respectively.

Limitations—The study is limited by its use of retrospective survey methods, whereas future 

investigations would benefit from laboratory measures taken prior, during, and after deployment.

Conclusion—The present findings suggest a complex role of olfaction in the biological 

functions of threat detection. Several theoretical models are discussed. One possible explanation 

for increased sensitivity to select odors with decreased sensitivity to other odors is the co-

occurrence of attentional bias toward threat odors with selective ignoring of distractor odors. 

Working together, these processes may optimize survival.
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1. Introduction

Exposure to an event or situation that has the potential for causing death or serious bodily 

harm may lead to the development of post-traumatic stress disorder (PTSD; Kessler et al., 

1995, 2005), a condition characterized by intrusive thoughts or memories, avoidance of 

stimuli and contextual reminders, as well as increased startle, hypervigilance, and focused 

attention to potential threat cues. Current, non-pharmacological PTSD treatments are largely 

based upon a conditioned fear and deficits in extinction learning model of pathogenesis. For 

example, the persistence of fear responses and physiological hyper-arousal in the presence 

of a conditioned stimulus (e.g. roadside trash or overpass) in a safe environment (after the 

person returns from the war theatre) represents a failure in extinction learning. These 

observations have led to the development of prolonged exposure treatments (PE), which 

employ imagery and/or in vivo exposure to threat-related cues (Foa, 2006; Schnurr et al., 

2007).

Current PE strategies almost exclusively utilize visual and/or auditory cues associated with 

past traumatic events. Many individuals with PTSD, however, report that trauma-related 

odors are particularly potent reminders of past traumatic events (e.g. odors associated with 

explosions or “burning” materials). Incorporating trauma-related odors into exposure 

treatments may be particularly important given that odors have been increasingly recognized 

as perhaps the most poignant cause of the spontaneous re-experiencing of vivid, 

autobiographical memories (e.g. Proustian phenomenon; Chu & Downes, 2002). Within this 

context, odor-triggered memories are highly emotional and such memories, even distant 

ones, are often experienced as if they are taking place in the “here-and-now” (Masaoka et 

al., 2012; Willander & Larsson, 2006). Such odor-evoked time misperceptions can be brief 

and as such resemble short-lived dissociative flashbacks.

Given that highly-emotional and involuntary memories of traumatic events are characteristic 

of PTSD, that odors can enhance the retrieval of autobiographical memories and trigger 

physiological arousal (Chu & Downes, 2002; Herz, 2004; Herz & Chupik, 1995; Willander 

& Larsson, 2006; Saive et al., 2014; Masaoka et al., 2012), that olfactory hallucinations are 

associated with deeply personal, mood-congruent, distant memories (Nickell & Uhde, 1994–

1995), and that olfactory stimuli can trigger flashbacks (Kline & Rausch, 1985; Vermetten 

& Bremner, 2003), it is reasonable to hypothesize that odors in general and traumarelated 

odors in particular may play a significant and under-appreciated role in the pathophysiology 

of PTSD. More specifically, these observations suggest a possible role for previously neutral 

odors becoming conditioned threat cues when they are paired with traumatic or life-

threatening events.

Combat veterans exposed to unique odors under dangerous circumstances offer an ideal 

population to investigate odor-related fear and anxiety. While the long-term goal of our 

research team is to design more effective therapies that take into account evidence-based 
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data on the role of odors in the pathogenesis and treatment of PTSD, there is very little 

systematically-collected information on this topic. Therefore, as a first attempt to evaluate 

behavioral responses to a range of odors with different qualities, we developed a self-report 

survey and examined prevalence rates of odor-elicited distress in combat veterans with and 

without PTSD and healthy controls without exposure to combat.

The specific questions we examined were as follows: 1) What odor categories (e.g. 

burning-, death/decay-, drug-, food-, flammables-, floral-, garbage-, human body fluids/

excretions-, environment-related) and specific individual odors within odor categories 

commonly elicit distress in healthy controls? and 2) Is there a difference in the proportion of 

individuals reporting distress in response to categories of odors, specific individual odors, 

and/or odors with a specific hedonic valence (i.e. unpleasant versus pleasant) among 

combat veterans, with and without PTSD, and healthy controls?

2. Methods

2.1 Participants

Fifty-two combat veterans, with and without posttraumatic stress disorder [CV+PTSD 

(n=30) and CV-PTSD (n=22), respectively], were recruited through local advertisement to 

participate in a larger study investigating odor-elicited anxiety. To meet initial eligibility for 

the larger study, which included an MRI exam, potential participants were required to 1) 

have served in a combat zone in Iraq or Afghanistan [Operation Enduring Freedom (OEF), 

Iraqi Freedom (OIF), or New Dawn (OND)], 2) have a DSM-IV primary diagnosis of PTSD 

related to combat or have no history of any DSM-IV disorder including alcohol or other 

substance use disorder, assessed by the Mini International Neuropsychiatric Interview 

(MINI; Sheehan et al 1998), 3) have no history of head injury/trauma given its high 

association with olfactory dysfunction, 4) be psychotropic medication-free, 5) be able to 

undergo an MRI exam (e.g. contraindications such as shrapnel injuries or claustrophobia), 

and 6) pass a urine drug screen (CLIAwaivedTM, San Diego, CA). Levels of trait anxiety 

were collected using the State-Trait Anxiety Inventory (STAI; Spielberger et al., 1983).

Twenty-one healthy controls (HC) were recruited anonymously by distributing study 

materials to a community sample of adults, who then returned completed forms in pre-

addressed and stamped envelopes. General demographics, as well as detailed information 

regarding physical and mental health, including all prescription medications taken in the past 

year and current or past diagnoses and/or treatment of all psychiatric disorders, were utilized 

to identify the HC included in this preliminary investigation. All methods were approved by 

the Institutional Review Board for Human Research at the Medical University of South 

Carolina. All participants completed written informed consent as required.

2.2. Olfactory Questionnaire (OQ)

Information pertaining to hedonic valence (i.e. pleasantness/unpleasantness) and ability to 

modulate mood (i.e. elicit relaxation/distress) was acquired for forty-nine common odors 

through a detailed olfactory questionnaire (OQ). The specific odors listed in the OQ were 

selected, in part, from previous PTSD literature (Vermetten & Bremner, 2003), as well as 
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from a library of odorants provided by ScentAir™. The odor list was not intended to be 

exhaustive of all odors and odor categories, nor did it include all potential trauma-related 

odors. For the present study, participants recorded whether each odor, listed in alphabetical 

order, was pleasant, unpleasant, or neutral, and if each odor elicited relaxation, distress, or 

did not modulate mood in either direction.

2.3. Analysis of Odor-elicited Distress

2.3.1. Distress by Odor Categories—Odor-elicited distress was first assessed for 9 

different odor categories: 1) burning-, 2) death/decay-, 3) drug-, 4) food-, 5) flammable-, 6) 

floral-, 7) garbage-, 8) human body fluids/excretion-, and 9) environmental-related odors 

(Table 1). Odor-elicited distress ratings for odor categories were calculated for each 

participant using the following method: If one or more odor within a particular category was 

rated to elicit distress by an individual, the entire category was given a “distress” rating for 

that individual.

2.3.2. Behavioral Response to Individual Odors—When examining the response to 

individual odors, each odor was rated as to whether it elicited “distress”, “relaxation”, or did 

not modulate mood in any direction and was thus considered “neutral”.

2.3.3. Statistical Analysis—Chi-square analyses were employed to assess differences 

across diagnostic groups in the frequency at which odor categories, and individual odors 

within categories, were rated to elicit distress.

2.4. Analysis of Hedonic Valence

Each of the 49 odors were classified as either “positively-valenced”, “negativelyvalenced”, 

or “mixed-valenced” based on ratings provided by the HC group.

2.4.1. Pleasant Odors—If ≥50% of the HC group reported an odor to be “pleasant” and 

no HC reported that odor to be “unpleasant”, the odor was classified “pleasant”. This 

method resulted in twelve “pleasant” odors that were clustered into the “positive hedonic 

valence group” (Table 1 identifies these odors with *).

2.4.2. Unpleasant Odors—If ≥50% of the HC group reported an odor to be “unpleasant” 

and no HC rated that odor as “pleasant”, the odor was designated an “unpleasant” odor. This 

resulted in the identification of five individual “unpleasant” odors that became the “negative 

hedonic valence group” (Table 1 identifies these odors with #).

2.4.3. Mixed Odors—Thirty-two odors failed to meet our criteria for either the positive or 

negative hedonic valence groups and were not considered further in the analyses.

2.4.4. Statistical Analysis—When coding the positive and negative hedonic valence 

groups for each individual using the same method described for coding odor-elicited distress 

within “odor categories”, ceiling effects were found. For example, 100% of all study 

participants rated at least 1 odor in the positive hedonic valence group to be relaxing. 

Therefore, the percent of odors within the positive and negative hedonic valence groups that 
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were rated “relaxing” and “distressing”, respectively, were used, along with univariate 

ANOVA, to assess differences across diagnostic groups.

3. Results

3.1. Demographics

The CV+PTSD group (N=30) was comprised of almost all males (M/F=28/2), as was the 

CV-PTSD group (N=22; M/F=21/1). While the male to female ratio for these 2 groups of 

combat veterans did not differ from each other, they were significantly different than the HC 

group [N=21; M/F=6/15; χ2 (2, N=73) = 34.7, p<.001]. There was also a main effect of age 

(F2,70=16.14, p<.001), as the HC group (M=47.0, SD=12.7) was significantly older than 

both the CV+PTSD (M=33.4, SD=11.0; p<.001) and CV-PTSD (M=30.0, SD=7.0; p<.001) 

groups. Trait anxiety, acquired in most, but not all, of the combat veterans was significantly 

different in those with (M=52.5, SD=11.2) compared to without (M=31.8, SD=11.2) PTSD 

(t44=6.3, p<.001).

3.2. Odor Categories

The prevalence of odor-elicited distress for each of the nine odor categories listed in Table 1 

was first assessed for significant differences across diagnostic groups. A main effect of 

diagnosis on the frequency of odor-elicited distress was revealed for four of the nine odor 

categories, including “burning”, “flammables”, “garbage”, and “human body fluids/

excretions”. Post-hoc group comparisons revealed that CV+PTSD reported a significantly 

higher prevalence of distress to flammable-related odors compared to HC (p=.004) and a 

significantly higher prevalence of distress to burning-related odors compared to both HC 

(p=.005) and CV-PTSD (p=.001). Table 2 lists all Chi-square results.

In contrast to higher prevalence rates in CV+PTSD for “burning” and “flammable” odor-

related distress, lower prevalence rates of distress for human body fluids/excretions-related 

odors were reported in combat veterans with and without PTSD compared to HC (p=.029, 

p=.005, respectively). Significantly lower prevalence rates of distress for garbage-related 

odors were also noted [CV+PTSD and CV-PTSD compared to HC (p=.005, p=.001, 

respectively). Table 2 lists all Chi-square results.

3.3. Individual Odors within Categories

Individual odors within “burning” and “flammables” were assessed to determine if specific 

odors within these categories were particularly distressing. Chi-square analyses revealed that 

while the CV+PTSD reported a higher prevalence of odor-elicited distress than both CV-

PTSD and HC for nearly every burning-related odor, a main effect of diagnosis was found 

for just “burning hair” [χ2 (2, N=73) = 6.61, p=.037] and “gunpowder” [χ2 (4, N=73) = 

10.78, p=.029]. Post-hoc group comparisons revealed that CV+PTSD reported a 

significantly higher prevalence of distress to “gunpowder” compared to HC (p=.031) and 

“burning hair” compared to both HC (p=.024) and CV-PTSD (p=.036). See Figure 1for full 

Chi-square results. The “flammable” category contained just one odor, that of fuel, and thus 

no further assessment was needed at an individual odor level.
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The two odor categories that revealed lower prevalence rates of distress in combat veterans, 

compared to healthy controls, were “human body fluids/excretions” and “garbage”. 

Individual odors within these categories were assessed to determine which odors contributed 

to this effect. Chi-square analyses revealed a main effect of diagnosis for “body odor/sweat” 

[χ2 (4, N=73) = 12.10, p=.017], “urine” [χ2 (2, N=73) = 8.28, p=.016], “vomit” [χ2 (2, 

N=73) = 7.27, p=.026], and “blood” [χ2 (2, N=73) = 8.04, p=.018]. Post-hoc group 

comparisons revealed that CV+PTSD, compared to HC, reported a significantly lower 

prevalence of distress to “urine” (p=.028) and “vomit” (p=.007), and that CV-PTSD, 

compared to HC, reported a significantly lower prevalence of distress to “urine” (p=.008) 

and “body odor/sweat” (p=.001). Only one human body fluids/excretions-related odor, 

namely “blood”, was associated with an increased prevalence of distress in CV+PTSD 

compared to both HC (p=.016) as well as CV-PTSD (p=.033). See Figure 2 for full Chi-

square results. The fourth and final significant odor category, “garbage”, also contained just 

one odor and thus no further assessment was needed.

3.4. Odor Hedonic Valence Groups

Univariate ANOVA revealed a main effect of diagnosis for the percentage of odors rated 

“distressing” within the negative hedonic valence group (F2,70=3.77, p=.028) and “relaxing” 

within the positive hedonic valence group (F2,70=9.46, p<.001). Figure 3 demonstrates that 

HC rated a higher percentage of odors in the negative hedonic valence group “distressing” 

compared to both CV-PTSD (p=.029) and CV+PTSD (p=.14) and a higher percentage of 

odors in the positive hedonic valence group “relaxing” compared to both CV+PTSD (p=.

002) and CV-PTSD (p<.001).

4. Discussion

Although case reports have reported that trauma-associated odors can induce anxiety, 

including flashbacks (Hinton et al., 2004; Vermetten & Bremner 2003), this is to our 

knowledge the first study to survey the emotional impact of odors within nine different 

categories (burning-, death/decay-, drug -, food-, flammable-, floral-, garbage-, human body 

fluids/excretions-, and environmental-related odors) in civilians and combat veterans with 

and without PTSD. Given the high levels of trait anxiety in our combat veterans, one might 

have reasonably predicted a global increased sensitivity to odors in general or an increased 

sensitivity to only unpleasant odors or an increased sensitivity to odors that are novel in Iraq 

and Afghanistan. Our findings suggest, however, that the role of the olfactory system in the 

biological functions of threat detection is highly sophisticated. While no single mechanism 

can explain all of our findings, several theoretical models have direct relevance to our 

observations. These factors are outlined below and deserve attention in future research.

4.1. Hyposmia

Our results demonstrated a blunted response by combat veterans compared to healthy 

controls to a large number of odors that ranged across odor categories and hedonic valence. 

Given this broad finding, general dysfunction of the olfactory system might be a first 

consideration. For instance, could indigenous environmental factors and/or war-related 

chemical hazards in Iraq and Afghanistan (e.g. sand, dust, particulates, toxins released from 
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burn pits, etc.) cause irreversible damage to the olfactory system and result in a decreased 

ability to detect odors in general? While there is strong evidence for an increase in both 

acute (Korzeniewski et al., 2014) and chronic (Abraham et al., 2014) respiratory disease in 

deployed and post-deployed OIF military personnel, specific insults to the olfactory system 

(e.g. olfactory mucosa/epithelium, receptors, nerve, etc.) have yet to be investigated and are 

thus unknown.

Preliminary research from our laboratory (Cortese et al., 2014) demonstrated mild hyposmia 

in combat veterans. In that study, combat veterans with and without PTSD, compared to 

published age norms, had reduced sensitivity to a neutral odor, meaning they needed higher 

odor concentrations for reliable detection. Although the cause and relationship of hyposmia 

and odor experiences have not been adequately studied and thus remain unknown, it is 

possible that even mild hyposmia may contribute in part to decreased hedonic valence 

sensitivity. While hyposmia might theoretically explain decreased sensitivity to positive 

hedonic odors, it would not explain the increased sensitivity to some, but not all, odors with 

negative hedonic valence. Additional or other mechanisms beyond hyposmia would be 

required to explain such a differential profile.

4.2. Selective Ignoring of Distractor Odors

Our findings of general blunting to a wide range of both positively- and negatively-valenced 

odors might also be explained as a highly adaptive, pro-survival mechanism for threat 

detection within environments with unfamiliar olfactory stimuli, i.e. the likely odor 

environments of our OEF/OIF/OND combat veterans. In fact, many unpleasant odors (e.g. 

garbage, feces, raw sewage, etc.) reported by our combat veterans to be extensively present 

in deployed areas of Iraq and Afghanistan are not associated with imminent danger in active 

combat zones. Our findings of an overall decreased prevalence of distress in veterans to 

these unpleasant odors (or strong pleasant odors for that matter) opens up the possibility that 

combat veterans, both with and without PTSD, learned during combat to ignore non-life-

threatening “distractor” odors. The ability to ignore distracting odors and to concentrate on 

odor threat cues of real danger or threat to life has pro-survival benefits and is consistent 

with a highly adaptive mechanism for threat detection.

Increasing evidence suggests that the tasks of ignoring and attending to sensory stimuli 

represent two independent but interactive brain processes (Chait et. al, 2010; Lenartowicz et 

al., 2014). Theoretically, a person could have a deficit in one or both of these processes. In 

the case of an inability to ignore distracting odor stimuli, such as unpleasant odors or, even, 

strongly pleasant odors, one would predict a reduced ability to focus on the identification of 

cues associated with real danger. To the extent that a post-deployment decreased prevalence 

of distress to unpleasant odors reflects the same abilities during combat, our findings support 

the idea that our veterans had access to an important odor-processing function (i.e. ignoring 

distractor odors). Our findings further suggest that the veterans without PTSD were 

particularly skilled at ignoring distractor odor cues. Whether the inability to selectively 

ignore non-life-threatening distractor odors might predict PTSD vulnerability is an 

interesting question for future research.
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Additional research that builds upon Lenartowicz and colleagues (2014) and Chait and 

colleagues (2010) work is necessary to differentiate the mediators of selective ignoring 

versus attentional avoidance. Both processes probably involve automatic, as well as focused/

voluntary efforts, to achieve what might appear to be the same endpoint. From our 

perspective, however, selective ignoring represents a healthy process, which allows the 

person to achieve a positive outcome by ignoring distractors (e.g. bad body odor) and 

concentrating on signals of real danger. In contrast, and, as proposed by Mogg and 

coworkers (1987) attentional avoidance likely represents an unhealthy process, which 

results in increased anxiety and failure to habituate.

4.3. Trait Anxiety & Attentional Bias

Trait anxiety has been associated with self-reported increased sensitivity to a wide-range of 

environmental odorants (Bailer et al., 2008). Given the higher levels of trait anxiety in our 

PTSD veterans, one might expect them to report a global increased sensitivity to a wide-

range of negative hedonic valenced odors. However, this was not at all the case. There was 

absolutely no evidence, even at a trend level, to suggest a global over-sensitivity to negative 

hedonic odors in general, even to odors considered “disgusting” by most individuals. 

Instead, our PTSD veterans reported increased levels of distress to a very small and selective 

number of odors (i.e. burnt hair, discharged gunpowder, blood, and fuel odors).

A separate line of research has shown an association between anxiety or stress-related 

disorders and attentional bias toward threat (Bryant & Harvey, 1995; Cisler & Koster, 

2010). While our survey method was not designed to examine attentional bias to odor threats 

per se, our data parallel those of McNally and colleagues (1990) who found that Vietnam 

combat veterans with PTSD preferentially focused their attention on syndrome-specific 

threat cues (i.e. PTSDrelated word like “body bags” compared to OCD-related words like 

“germs”). Analogous to this, our PTSD veterans reported an increased sensitivity to 

selective and specific combat-related odors. Limitations in our self-report methodology did 

not allow us to determine whether there were pre-deployment increased sensitivities to these 

threat-related odors. It would be useful in future research to determine whether different 

dimensions of attentional bias such as facilitated attention, delayed disengagement and 

attentional avoidance (for review of these attentional bias components using visual threat 

cues, see Cisler & Koster, 2010) can be demonstrated to odor stimuli. It should be 

emphasized that prior research investigating attentional bias to threat has employed 

laboratory tests [e.g. Visual Search (Pineles et al., 2007), Modified Stroop (Ashley et al., 

2013), and Spatial Cueing (Mogg et al., 2008) tasks] that rely exclusively on visual stimuli 

and cannot easily be adapted for the study of odors. Promising research (La Buissonniere-

Ariza et al., 2013), however, has recently demonstrated the feasibility of investigating 

attentional bias to odor stimuli using odor detection response times as a measure of 

facilitated attention.

4.4. Conditioned Odor Threat

Our findings of a greater prevalence of distress to the odors of blood, fuel, burnt hair and the 

scent of discharged gunpowder, but not to other equally unpleasant and negative hedonic 

odors (even intensely unpleasant odors unique to Iraq/Afghanistan), suggest that these 
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particular odors have personal salience as signals of danger. Although it is unknown how, or 

for that matter when, our combat veterans with PTSD developed an increased sensitivity to 

these specific odors, associative odor-threat learning (Li, 2014) is a likely mechanism.

The animal literature provides overwhelming evidence on the effectiveness of odors as 

conditioned threat cues (Walker et al., 2005, Kass et al., 2013). In fact, the strength of odor-

conditioned threat has been demonstrated through single trial odor-shock training (Paschall 

& Davis, 2002a), second-order conditioning (Paschall & Davis, 2002b), as well as 

transgenerational inheritance (Dias & Ressler, 2014). A growing body of evidence reveals 

that these behavioral changes are accompanied by neuroplasticity along the olfactory 

pathway, not only in higher-level association areas of the piriform cortex (Li et al., 2008), 

but even in structures (i.e. olfactory receptors and olfactory bulb) involved in the earliest 

stages of olfactory processing (Jones et al., 2008; Kass et al., 2013).

While associative learning through the pairing of burning, blood, and fuel odors with life-

threatening combat experiences may underlie our findings of increased odor sensitivity to 

selective odors, information on the specific relationship between these odors and the actual 

traumatic events experienced by our veterans was not assessed in this report. We also cannot 

rule out that the veterans with PTSD were more sensitive to burning, blood, and fuel odors 

prior to their combat experiences.

4.5. Unconditioned Odor Threat

Of particular interest, and controversy, is the possible role of unconditioned threat odors in 

humans. In animals, specific odors are clearly hardwired to elicit defensive and/or fear 

behaviors. For example, natural predator odors elicit species-specific fear behaviors (e.g. 

“tail-flag, flight and jump behaviors in deer exposed to wolf urine; Osada et al, 2014; for 

review see Apfelbach et al., 2005).Fear behaviors associated with exposure to predator odors 

in animals represent an innate response conserved through evolution. In humans, there are 

auditory (e.g. loud sounds), visual (e.g. flashes of light), and somatosensory stimuli (e.g. 

electric shock) that produce startle and immediate alarm and vigilance behaviors (Lang & 

Davis, 2006; Grillon, 2008). These alerting responses are also hard-wired, conserved 

through evolution, and galvanize pro-survival behaviors. Whether evolutionarily conserved 

odor threat cues exist in humans is yet to be determined. However, if they do exist, one 

would expect an unconditioned odor threat cue to meet the following criteria: a) the odor 

stimulus occurs naturally in the human environment, b) the identification of the odor and 

avoidance behaviors have pro-survival benefits, c) the odor elicits an alarm response in all or 

almost all healthy humans and d) the alarm and fear response is immediate and automatic in 

nature. Although the category of human body fluids/excretions met these criteria, no single 

odor was consistently reported to be distressing by all healthy normal controls, which seems 

unexpected given the evolutionary significance of threat odors in the biological functions of 

alarm, vigilance, and fear in animals.

4.6. Conditioned-Unconditioned Odor Threat Interactions

What is probably under-appreciated by many mental health professionals is that odors are 

processed via two neural pathways: a) the more familiar olfactory pathway and b) the less 
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commonly acknowledged trigeminal pathway. Odors that preferentially activate the 

trigeminal pathway (e.g. CO2, ammonia, etc.) produce an irritating sensation (i.e. burning, 

pungent, and stinging) in the nose, the fundamental sensations that could easily serve as 

unconditioned stimuli. Among the odorants we surveyed that are also suspected of being 

highly present in combat zones of Iraq and Afghanistan, fuel and intense burning odors 

come closest to having strong trigeminal characteristics. And, a significantly higher 

prevalence of combat veterans with PTSD reported these odors to be distressing compared 

to those without PTSD and health controls. Given that several lines of evidence indicate 

olfactory perception can be potentiated by trigeminal activation (Bensafi et al., 2007; 

Hummel & Livermore, 2002; Moessnang et al., 2013), we speculate that odorants with 

strong trigeminal properties may be more likely to become conditioned to lifethreatening, 

traumatic, events.

4.7. Impaired Extinction Learning

For warriors in combat zones, the automatic startle, fear, and alarm that is triggered by 

exposure to auditory and visual threat cues should have pro-survival advantages (LeDoux, 

1996; 2012). To the extent our PTSD veterans had the same levels of self-perceived alarm to 

burnt hair, fuel, gunpowder and blood odors (i.e. odors signaling true danger) during 

deployment as they did at the time of our assessment, we would expect these individuals to 

have been especially skilled in identifying and responding to true threat odors during 

combat. This would appear to be a valuable advantage for individuals operating in highly 

dangerous, life-threatening combat situations and, therefore, seems somewhat incompatible 

with the negative attributes of PTSD. A possible explanation for this apparent paradox is 

failure with extinction learning in those warriors who later develop PTSD. We propose that 

all warriors learn during combat to associate blood, fuel, and burning odors with life-

threatening situations. In this model, all warriors, including those who do and do not develop 

PTSD, would have comparable increased sensitivity to these odors during deployment. What 

would distinguish the warriors who later develop PTSD is an inability to extinguish the 

conditioned fear response (Norrholm et al., 2011) after returning to civilian life.

Information supporting delayed extinction in PTSD is based almost exclusively on visual 

and/or auditory stimuli. We speculate that impaired extinction to odor threat cues parallels 

the delayed extinction to visual/auditory stimuli that has already been established by several 

independent research teams. Several factors, however, may make trauma-related odors 

particularly resistant to extinction: 1) odors may facilitate fear conditioning through 

multimodal enhanced learning, fear generalization, and avoidance (Sauerhofer et al., 2012), 

2) many of the more distressing odor threat cues (e.g. blood, burnt hair) in PTSD are 

uncommon in civilian life and, therefore, less available for habituation and 3) burning-

related and fuel type odors may be primed for evolving into second-order, unconditioned 

stimuli and, on their own, begin to elicit fear behaviors (Wessa and Flor, 2007).

4.8. Limitations and Future Directions

To our knowledge, this is the first study to ascertain whether there are certain odor 

categories or specific individual odors that elicit distress in combat veterans with PTSD. 

While prior research in our laboratory found a strong relationship between subjective 
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distress using similar survey methods and later objective findings under double-blind, 

placebo-controlled in anxiety patients (Boulenger & Uhde, 1984; Uhde, 1995), there are 

understandable limitations with the survey methods. What is needed is the development of 

an attentional bias odor threat test, which tracks and quantifies detection speed, 

disengagement, and avoidance of odor threat cues. Such a research tool would identify the 

extent to which, if any, the positive biological function of “ignoring” distractor odors versus 

“avoiding” odor threat cues play an interactive role in the pathophysiology of PTSD. Even 

taking into account the limitations of self-report methods and the extrapolation of prevalence 

data as an index of behavioral sensitivity, our findings indicate that veterans with PTSD and, 

to a lesser extent, even healthy veterans without PTSD, appear to have different responses to 

certain individual odors and odor categories. Future investigations are required to determine 

whether such differences represent at-risk factors prior to deployment and/or a marker of 

illness severity.

The long-term goal of our research team is to design more effective therapies that take into 

account evidence-based data on the role of odors in the pathogenesis and treatment of PTSD. 

Recognizing the role of trauma-related odors in the triggering of distress and flashbacks, our 

team and others are beginning to incorporate odors into prolonged exposure treatment. 

Although it was not the focus of our study, it is evident that some individuals with PTSD 

report trauma-related odors as their primary source of distress, rather than visual and/or 

auditory stimuli. Thus, it is conceivable that exposure techniques using exclusively trauma-

related odors are not only essential, but perhaps even sufficient, to achieve a therapeutic 

response in selective cases.

There is only a paucity of data to suggest how to go about selecting odors as part of a 

treatment. While our findings offer a valuable starting point (i.e. by probing veterans for 

distress in response to burning-related, fuel, and blood odors), there remains a great deal of 

variability in terms of individual degrees of distress even to these odors. Our findings clearly 

indicate that one cannot simply select odors that were novel or unpleasant reminders of the 

combat zone because such a strategy would identify many odors that have little, if any 

salience, to the combat veterans in terms of representing true life-threatening odor threat 

cues. Therefore, in terms of picking trauma-related odors for inclusion into an exposure 

treatment paradigm, “unpleasant” odors in general, or even, odors that are highly unique to 

the combat zone itself, may be ineffective. The challenge is to identify odors for exposure 

treatment not that the person “ignores” but, rather, “avoids” because they represent true, life-

threatening odor cues. Ultimately, for these treatments to achieve optimal effectiveness, it 

will be necessary to identify odors on an individual basis that have personal salience to the 

index traumatic event(s). On a related note, the selection of odors to elicit relaxation, as 

opposed to being incorporated into exposure-habituation paradigms, may be even more 

challenging, insofar as odors with a high degree of positive “relaxing” properties in normal 

healthy adults may be considerably less likely to be helpful in combat veterans, with or 

without PTSD.
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Figure 1. Prevalence rates of odor-elicited distress for “burning” odors
Combat veterans with PTSD reported increased sensitivity on 6 of the 7 burning-related 

odors compared to healthy HC and an increased sensitivity on all 7 burning odors compared 

to combat veterans without PTSD. As calculated by binomial statistics, this pattern of 

increased sensitivity across these numbers of individual burning odors in CV+PTSD 

compared to HC and CV-PTSD subjects have probabilities of p=.054 and p=.0078, 

respectively, of taking place by chance. In terms of individual odors, a significantly higher 

prevalence of combat veterans with PTSD (CV+PTSD) compared to combat veterans 

without PTSD (CV-PTSD) [χ2 (1, N=52) = 4.40, p=.036] or healthy controls (HC) [χ2 (1, 

N=51) = 5.13, p=.024] specifically reported burning hair to be distressing. Gun powder was 

also distressing for significantly more CV+PTSD than HC [χ2 (2, N=51) = 6.93, p=.031].
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Figure 2. Prevalence rates of odor-elicited distress for “human body fluids/excretions” odors
depicts reduced sensitivity to odors in the human body fluids/excretions category for combat 

veterans with and without PTSD (CV+PTSD and CV-PTSD, respectively) compared to 

healthy controls (HC). Specifically, a lower prevalence of distress to “urine” [χ2 (1, N=51) = 

4.81, p=.028] and “vomit” [χ2 (1, N=51) = 7.22, p=.007] was reported in CV+PTSD 

compared to HC. Similarly, CV-PTSD, compared to HC, reported a significantly lower 

prevalence of distress to “urine” [χ2 (1, N=43) = 6.98, p=.008] and “body odor/sweat” [χ2 

(1, N=43) = 10.24, p=.001]. The only odor that did not fit this profile was blood, an odor 

likely to be present during traumatic combat experiences. Significantly more CV+PTSD, 

than CV-PTSD or HC reported the smell of blood to be distressing [χ2 (1, N=52) = 4.55, p=.

033; χ2 (1, N=51) = 5.83, p=.016, respectively).
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Figure 3. Group differences in the percentage of odors rated to be “distressing” or “relaxing” 
within the negative and positive hedonic valence groups
demonstrates that combat veterans with and without PTSD (CV+PTSD, CV-PTSD, 

respectively) compared to healthy controls (HC) report overall reduced sensitivity not only 

to the distressing properties of odors with negative hedonic valence (that are non-trauma-

related), but to the relaxing properties of odors with positive hedonic valence.
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Table 1

Odor categories and the individual odors included in each category.

Burning Food Flammables Human Body

Burning rubber *Almond Fuel Fluids/Excretions

Burning hair Apple cider Floral Blood

Burning wire Banana *Baby powder #Body odor/Sweat

Diesel exhaust *Bread Eucalyptus Feces

Engine exhaust Bubblegum Jasmine #Raw sewage

Gun powder Chocolate Juniper #Urine

Wood fire *Cinnamon Lavender #Vomit

Death/Decay Citrus Lemongrass Environmental

#Dead body *Coconut *Lilac Animal farm

Drugs *Coffee Magnolia *Cedar

Tobacco *French vanilla Sage *Forest

Marijuana Grapefruit Garbage *Fresh cut grass

Mocha Garbage Musty

Peppermint *Ocean saltwater

Pomegranate

Sugar

*
=odor rated "pleasant" by at least 50% of healthy controls and was given no "unpleasant" ratings

#
=odor rated "unpleasant" by at least 50% of healthy controls and was given no "pleasant" ratings
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