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Introduction: Prior research suggests that olfactory dysfunction may occur 
following a traumatic brain injury (TBI) due to structural injury to the olfactory 
peripheral or central networks. Olfaction may also be affected in posttraumatic 
stress disorder (PTSD) due to traumatic re-experiencing. Given the relevance 
of both TBI and PTSD to the military and veteran populations, the purpose 
of this study was to evaluate whether the University of Pennsylvania Smell 
Identification Test (UPSIT) would be useful in differentiating TBI from significant 
PTSD symptom burden in a sample of post-deployed active-duty military and 
veterans.
Methods: A sample of 276 participants with UPSIT data and passing scores on 
validity measures completed a larger study on neurocognition of predominantly 
post-deployed veterans of the wars in Afghanistan and Iraq. TBI history was 
ascertained by medical records or a self-report questionnaire; PTSD symptoms 
were measured using the PTSD Checklist-Military version (PCL-M) and the 
Traumatic Stress scale (ARD-T) of the Personality Assessment Inventory. Those 
with a history of TBI (+TBI) were compared with those without (–TBI) on total 
UPSIT score; severity of injury and number of injuries were also evaluated. 
Furthermore, those with and without significant PTSD symptoms (+PTSD and 
–PTSD) were compared on UPSIT total scores. Finally, group comparisons were 
conducted to assess whether PTSD demonstrated a significant effect above and 
beyond TBI.
Results: History of TBI was associated with lower UPSIT scores (–TBI M = 34.02, 
+TBI M = 32.76, z = −2.38, p = 0.017, r = 0.14); however, the effect size was small 
and driven by the difference between moderate/severe TBI and –TBI (moderate/
severe M = 31.78). Number of mild TBIs was not associated with UPSIT scores: 
The presence of PTSD symptoms and symptom clusters were not significantly 
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associated with UPSIT scores. PTSD symptoms showed no additional effects on 
poorer olfaction scores above and beyond TBI.
Discussion: Olfactory identification was significantly reduced in those with a 
history of TBI, suggesting that olfaction may be useful in the assessment of 
these individuals for potential treatment needs. Veterans with significant PTSD 
symptoms, however, did not display different olfactory ability compared with 
those without, regardless of TBI status.

KEYWORDS

olfaction, posttraumatic stress disorder (PTSD), traumatic brain injury (TBI), veteran, 
service member

Introduction

The recent conflicts in Afghanistan (Operation Enduring 
Freedom; OEF) and Iraq (Operation Iraqi Freedom; OIF) are 
associated with large numbers of “signature injuries,” notably 
traumatic brain injury (TBI) and posttraumatic stress disorder (PTSD) 
(1–3). These conditions present differential diagnostic challenges due 
to overlapping symptomatology (4), a complexity compounded in 
cases of mild TBI (mTBI) or “concussion,” where distinguishing 
between neurological and psychological symptoms can present 
marked specificity issues. Determining the etiology of post-concussive 
or posttraumatic symptoms is important because of different 
treatment strategies. More precise differential diagnostic tools that 
clearly outline symptom contributions may facilitate more informed 
and patient-centered treatment planning. Whereas existent research 
has focused on cognitive or psychological impairment in those with a 
history or TBI or PTSD, olfaction may show promise as an additional 
target in the assessment of these conditions. The purpose of this paper 
is to evaluate olfactory ability in a sample of veterans, with whom both 
TBI and PTSD are common diagnostic foci.

Given the evolutionary significance and extensive genetic 
dedication to olfactory senses in mammals, olfactory examination 
may offer a way to better discern the relative contribution of post-
concussive or posttraumatic symptoms. Olfactory impairments such 
as anosmia and dysosmia significantly diminish quality of life and are 
frequently associated with TBI (5–12). Olfaction is also implicated in 
PTSD-related re-experiencing, underscoring the potential of its 
assessment in helping to differentiate symptoms of TBI from PTSD 
(13). Diagnostic tools for assessing the relative involvement of TBI 
versus PTSD symptom presentation are needed to inform clinical 
decision making and patient care.

Olfactory neuroanatomy is characterized by connections to the 
orbitofrontal cortex and limbic structures. Damage to these 
connections, as may occur secondary to blunt-force trauma in TBI, 
can lead to a range of olfactory dysfunctions (10, 14, 15). These 
dysfunctions may be protracted, with severity correlating with the 
extent of TBI (16–18). Olfactory impairments in PTSD, while less 
studied, suggest possible diagnostic utility when evaluating responses 
to specific odorants (19). Previous research indicates that individuals 
with PTSD exhibit distinct olfactory-identification patterns, especially 
with odors related to traumatic experiences (13, 17, 20). The present 
research aims to determine whether olfactory testing, a noninvasive 
and cost-effective method to assess disruption in the ability to identify 
odorants more broadly, adds to diagnostic discrimination sensitivity 
and specificity in TBI and PTSD (11, 17, 19, 21).

The purpose of this study was to evaluate olfaction across TBI and 
PTSD. We examined four groups: current and former military post-
deployed participants with a TBI history (+TBI, any severity); 
participants with a substantial level of Diagnostic and Statistical 
Manual of Mental Disorders–Fourth Edition, Text Revision 
(DSM-IV-TR) PTSD-symptom burden (+PTSD); and the 
intersectionality of the two presentations, including participants with 
both (+TBI/+PTSD) and control participants with neither 
presentation (–TBI/–PTSD). Olfactory performance is operationalized 
using the University of Pennsylvania Smell Identification Test 
(UPSIT), a reliable and valid instrument frequently employed in prior 
studies of TBI and PTSD (18, 19, 22–27). We  hypothesized the 
following: (H1) Participants with a history of TBI (+TBI) will show 
significantly poorer olfactory-identification performance than 
participants negative for such history (–TBI). (H2) Olfaction 
performance will be  negatively associated with higher severity of 
TBI. (H3) Participants in the +PTSD group will show significantly 
poorer olfaction performance than those in the –PTSD group. (H4) 
PTSD will have an interactive effect on olfactory deficits for 
participants with a history of TBI (i.e., +TBI/+PTSD will show greater 
deficits than TBI alone (+TBI/–PTSD).

Materials and methods

Participants

Data were acquired from 428 active-duty and veteran personnel 
of the U.S. Armed Forces who completed an extensive 
neuropsychological battery conducted by the Neurocognition 
Laboratory of the Department of Veterans Affairs (VA) Mid-Atlantic 
Research, Education, and Clinical Center (MA-MIRECC) (28). The 
current analyses are secondary analyses to the study’s main aims, 
which was to investigate cognitive differences across TBI and 
PTSD. Those missing UPSIT or validity-test data were excluded 
(n = 35), leaving a working sample of 393 participants. The final 
sample was N = 276 after excluding those with invalid scores on 
performance- and symptom-validity measures. Recruitment and 
testing were performed at three VA Medical Center (VAMC) sites, 
with valid participants in the working sample from the Central 
Virginia VA Health Care System in Richmond, Virginia (n = 36); 
Durham VAMC in Durham, NC (n = 41); and Salisbury Veterans 
Affairs Health Care System in Salisbury, NC (n = 199). Participants 
were recruited from the MA-MIRECC Post-Deployment Mental 
Health (PDMH) subject registry (28), the Richmond VAMC 
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Polytrauma Rehabilitation Center (PRC) and Polytrauma Network 
Site (PNS), and the Durham and Salisbury Level III Polytrauma 
Support Clinical Team (PSCT) sites. Institutional Review Board 
approval was obtained separately at each facility. Volunteers were paid 
$150 plus travel expenses for participation. Inclusion criteria required 
service in the Armed Forces on or after September 11, 2001. Exclusion 
criteria consisted of evidence of primary language other than English, 
difficulty comprehending the informed-consent form or process, 
psychosis, and/or current substance abuse or dependence as per 
criteria of DSM-IV-TR. Demographics and characteristics for the final, 
valid sample are presented in Table 1.

Measures

Olfactory identification was operationalized using the UPSIT 
(Sensonics Inc., Haddon Heights, NJ, USA) (29). The UPSIT contains 
40 multiple-choice items presented in four booklets of 10 items each 
in which the participant uses a pencil to scratch a 1″ X 0.5″ round-
edged rectangular sandpaper odor strip that releases 
microencapsulated chemosensory stimuli. The participant then places 
the booklet under his/her nose, sniffs the sandpaper rectangle, and fills 
in one of four bubbles labeled with the correct odor and three 
incorrect distractor items randomly ordered across the 40 odorants. 
The operational measure consists of the number of correct items 
identified out of 40. Correlations between performance on the four 
test booklets range between 0.73 and 0.78 (29). Split-half reliability 
using the Spearman–Brown formula is 0.93 (30). Test–retest reliability 

ranges from 0.95 when tested 2 weeks apart (31) to 0.92 when tested 
6 or more months apart (22).

History of TBI was ascertained from medical records for 
participants recruited from the Richmond Polytrauma programs and 
from self-report for those selected from the PDMH subject registry. 
From medical records, level of consciousness was recorded as intact, 
becoming “dazed or confused,” or sustaining loss of consciousness 
(LOC) for a specific duration immediately post trauma. Self-report 
from PDMH participants was obtained using the Ivins TBI Screen 
(32). This self-report questionnaire assesses a history of head injury 
and how many events were experienced, followed by six items which 
evaluate the presence of alteration of consciousness after the injury, 
presence and duration of posttraumatic amnesia, and presence and 
duration of loss of consciousness for each event. Prior work has 
utilized this screening instrument to establish rates of TBI in 
paratroopers compared with other military occupational specialties at 
the largest U.S. Army base, Fort Bragg, located in regional proximity 
to the two NC sites in the current study (32). Severity of TBI (mild vs. 
moderate or severe) was based on self-reported LOC (<20 min as 
mild) and PTA (<24 h as mild) from the time immediately after 
the injury.

Performance validity was assessed using the Word Memory Test 
(33), a well-validated, memory-based validity measure. Cutoff scores 
were used based on the test manual. Symptom validity was assessed 
via PAI scales (see below) and the Miller Forensic Assessment of 
Symptoms Test (34), which is a 25-item symptom-validity measure 
administered in interview format. The cutoff score recommended in 
the manual was used.

TABLE 1  Sample demographics and characteristics (N = 276).

Variable M (SD; 
min–max) 

or N (%)

TBI n = 105 No TBI 
n = 171

p PTSD 
N = 107

No PTSD 
N = 169

p

Age

Years 35.96 (10.03; 

19–64)

33.70 (9.88) 37.35 (9.90) <0.001 35.05 (9.23) 36.54 (10.49) 0.305

Race

White 194 (70.29%) 84 (80.0%) 110 (64.3%) 0.006 65 (60.7%) 129 (76.3%) 0.006

Black 70 (25.36%)

Other 12 (4.35%)

Ethnicity

Hispanic 10 (3.62%) 6 (5.7%) 4 (2.3%) 0.187 6 (5.6%) 4 (2.4%) 0.193

Non-Hispanic 266 (96.38%)

Sex

Male 235 (85.14%) 92 (87.6%) 143 (83.6%) 0.820 89 (83.2%) 146 (86.4%) 0.465

Female 41 (14.86%)

Education

Years 14.18 (1.91; 

11–20)

13.76 (1.84) 14.44 (1.92) 0.003 13.66 (1.65) 14.51 (2.00) <0.001

TBI

Mild 69 (25.00%)

Moderate/severe 36 (13.04%)

TBI, traumatic brain injury, history of any injury event; PTSD, posttraumatic stress disorder, Positive is endorsement of significant symptoms per the PTSD Checklist-Military version or the 
Personality Assessment Inventory. Fisher’s Exact Test used for ethnicity comparisons.
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PTSD symptom burden was operationalized using the PCL-M 
(35–37) and the ARD-T score from the Personality Assessment 
Inventory. The PCL-M contains 17 items assessing the extent to which 
the respondent has been “bothered” in the past month by each of the 
DSM-IV-TR symptoms of PTSD on a scale of 1 (Not at all) to 5 
(Extremely). The resulting total score ranges from 17 to 85. A score of 
at least 50 has frequently been applied in the literature to infer 
substantial PTSD-symptom burden (+PTSD) and can be considered 
a relatively conservative threshold with high specificity (35–39), 
including in this study. Participants scoring below 50 were classified 
as negative for substantial PTSD symptoms (–PTSD). Internal 
consistency (coefficient α) for the PCL-M has been reported as 
equaling 0.75 or better; test–retest reliability after 2–3 days exceeds 
0.70 (40–42).

The Personality Assessment Inventory (43) is a 344-item, multi-
scale, self-report measure of personality and psychopathology. The 
PAI contains four primary symptom-validity scales, all of which were 
used with the M-FAST to exclude invalid self-reporters per skyline 
cutoffs indicated in the manual. Along with validity scales, the PAI 
contains numerous substantive scales assessing clinical and treatment-
relevant considerations. Traumatic Stress (ART-T) is an eight-item 
subscale of Anxiety Related Disorders and assesses ongoing symptoms 
and distress as related to a prior traumatic event. This scale was used 
in conjunction with the PCL-M to identify those with significant 
symptoms of PTSD, in part as the DSM-5-TR criteria are different 
than the DSM-IV criteria upon which the PCL-M is based; by 
including ARD-T, comparisons can proceed and differences mitigated. 
A cutoff score of T ≥ 70 was used per manual recommendation.

Analyses

Data were analyzed using SAS Enterprise Guide (SAS Institute 
Inc., Cary, NC, USA). The alpha level for statistical significance was 
established at p < 0.05. Total scores on the UPSIT were not normally 
distributed (W = 0.84, p < 0.001, skew = −2.02, kurtosis = 6.86); 
nonparametric alternatives were thus used for analyses. Additionally, 
because olfaction performance declines with age, we  examined 
whether a significant relationship between the UPSIT score and age 
was present in our sample to determine whether age was required as 
a covariate; however, age did not significantly correlate with the 
UPSIT total score, ρ = 0.02, p = 0.755. For H1, Mann–Whitney U tests 
were used when comparing the two groups +TBI 

versus  –TBI. Kruskal–Wallis tests were used for analyses for H2 
evaluating TBI severity, as well as with exploratory analyses related to 
number of mTBIs. Olfactory differences across those with and without 
significant PTSD symptoms were evaluated also using Mann–Whitney 
U tests (H3). For H4, we evaluated any additive effects of PTSD above 
TBI by first using a Kruskal–Wallis test across four groupings (+TBI, 
+PTSD, +TBI/+PTSD, –TBI/–PTSD), followed by evaluation of PTSD 
within each TBI-severity group using Mann–Whitney U tests. Post-
hoc tests for all Kruskal–Wallis tests were analyzed using the Dwass, 
Steel, Critchlow–Fligner procedure for multiple comparisons.

Results

Table 2 presents descriptive statistics for UPSIT scores across all 
subgroups. UPSIT total scores were compared across the subsample 
with a history of any TBI (+TBI; n = 105) and those without a history 
of TBI (–TBI; n = 171). Results (H1) of the Mann–Whitney U were 
significant but with a small effect, U = 13,017, z = −2.38, p = 0.017, 
r = 0.14. Post-hoc power was calculated to equal  60.2%. For H2 
evaluating olfaction and TBI severity, the Kruskal–Wallis test was 
significant: –TBI n = 171, mTBI n = 69, moderate/severe TBI n = 36, 
χ2 (2, n = 276) = 6.86, p = 0.032. Although none of the post-hoc tests 
yielded significance, the observed effect was driven by the difference 
between the control and moderate/severe TBI groups (p = 0.054). As 
an exploratory analysis, number of mTBI injuries was examined after 
splitting the subsample into 0 injuries, 1 injury, and 2 or more injuries 
to determine whether cumulative injuries were related to poorer 
olfaction. No association was observed between the UPSIT and 
number of mTBI injuries, Kruskal–Wallis χ2 (2, n = 233) = 3.24, 
p = 0.198.

With respect to PTSD symptoms, the two measures of PTSD were 
not significantly correlated with the UPSIT total score: PCL-M 
r = −0.01, p = 0.919; ARD-T r = 0.02, p = 0.786. To further explore 
PTSD symptoms, correlations examined between the PCL-M cluster 
totals and the UPSIT were all nonsignificant: cluster B r = −0.06, 
p = 0.377; cluster C r = −0.02, p = 0.750; cluster D r = 0.02, p = 0.732. 
For H3, olfaction was compared between the +PTSD and –PTSD 
groups: results of the Mann–Whitney U analysis were not significant, 
U = 15092.50, z = 0.42, p = 0.672, r = 0.03. Post-hoc power was 
calculated to equal 2.7%. Results of H4 evaluating whether PTSD 
symptoms were additive beyond TBI were not significant across TBI 
and PTSD groups:  –TBI/–PTSD n = 122,  –TBI/+PTSD n = 49, 

TABLE 2  UPSIT scores by diagnostic groupings (N = 276).

Diagnostic 
group

N M Median SD Min–max Skewness Kurtosis

Control 122 33.90 35.00 4.07 18–40 −1.73 3.64

PTSD burden (+) 107 33.55 35.00 4.80 6–40 −2.56 10.42

PTSD burden (−) 169 33.53 34.00 4.10 18–40 −1.47 2.57

No TBI 171 34.02 35.00 3.93 18–40 −1.65 3.56

TBI any severity 105 32.76 33.00 4.94 6–39 −2.22 8.06

Mild TBI 69 33.28 34.00 4.66 6–39 −3.29 16.89

Moderate/severe TBI 36 31.78 33.00 5.36 19–39 −0.89 0.07

UPSIT, University of Pennsylvania Smell Identification Test; PTSD, posttraumatic stress disorder; TBI, traumatic brain injury.
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+TBI/–PTSD n = 47, +TBI/+PTSD n = 58, χ2 (3, n = 276) = 7.45, 
p = 0.059. None of the post-hoc analyses were significant; specifically, 
the +TBI/+PTSD group did not significantly differ from the +TBI/ 
–PTSD group (p = 0.570), indicating that PTSD symptom burden was 
not associated with incremental olfaction deficits above and beyond 
TBI alone. Finally, Table 3 shows results of Mann–Whitney U tests 
comparing UPSIT scores for +PTSD to –PTSD with groups of no TBI, 
mTBI, and moderate/severe TBI. None of these tests were significant.

Discussion

Both physical and psychological trauma were experienced by 
military personnel deployed during the OEF/OIF service era. Due to 
the consequent neurological and other health effects, psychiatric 
dysfunction, and putative association of both TBI and PTSD with the 
subsequent declaration of neurodegenerative disorders (2, 38, 39, 
44–51), VA has encountered and will continue to see substantial 
healthcare utilization and fiscal expenditures arising from this cohort 
(52). Refinement of differential diagnosis and specification of the 
comorbid effects of TBI and PTSD may advance more efficacious 
treatment and enhance veteran quality of life. Results of the current 
study, the largest to our knowledge to examine olfaction in post-
deployed military personnel, support the assertion that olfactory 
testing may be helpful in the assessment of those with a history of TBI, 
especially to inform rehabilitation efforts, but that PTSD is not an 
additive confound to that effect.

Examination of multiple-choice identification of odorants for 
participants with documented and self-reported TBI history offers 
support for our first hypothesis in revealing significantly poorer 
performance for those in the +TBI group compared with the –TBI 
group. Findings indicate that the statistically significant, but small, 
effect was driven by the difference between the control –TBI and 
moderate/severe TBI groups (p = 0.054). Post-hoc analyses did not 
reveal differences between the control  –TBI and mTBI group. A 
potential explanation for this finding is that moderate/severe TBI 
would reasonably be expected to result in greater externally applied 
force to the head-and-neck area, thereby resulting in greater physical 
disruption of the neuroanatomical structures and pathways associated 
with the olfactory bulb. The olfactory bulb lies in a neuroanatomical 
area of established vulnerability to applied external forces (53). These 
results are consistent with a prior study on blast-specific TBI in a 
sample of veterans, as normosmia was found in the mTBI participants, 
and olfactory impairment was found in some moderate/severe TBI 
patients, particularly those with frontal-lobe injury (54).

Extant literature in the civilian and military population is mixed 
across the TBI-severity spectrum in terms of findings of posttraumatic 
olfactory dysfunction. Variation in findings may be attributed to time 
since injury, injury severity, injury characteristics, and method of 
quantifying impairment (18). In mTBI among athletes, for example, 
no differences in olfaction were reported following acute injury; 
however, longer elapsed time since the most recent concussion was 
associated with significantly worse olfaction (55). In one recent cross-
sectional study of military veterans, while those with mTBI history 
self-endorsed olfactory disturbance, no differences were observed in 
objective olfactory discrimination relative to controls. The authors 
attributed the observed self-reported olfactory disturbances to the 
potential presence of emotional distress rather than direct 
consequences of mTBI (56). Longer durations of LOC in moderate/
severe TBI may reflect more severe and global injury, including to the 
frontal lobes, which are more susceptible to the typical direction of 
impact and where a substantial portion of the olfactory network 
resides (5, 7, 8, 23, 57–60). Ogawa and associates (7), in a sample of 
365 individuals with occupationally acquired TBI, observed that 
reduced olfactory sensitivity and/or identification exhibited a 
significantly higher association with LOC greater than 1 h compared 
with LOC less than 1 h or absent. In another retrospective study of 68 
consecutive patients admitted to a brain-rehabilitation program, 
Callahan and colleagues (25) reported that those exhibiting partial or 
total anosmia spent significantly more days in a coma than patients 
with normosmia (25). Levin et  al. (61), using the Olfactory 
Identification Test in 52 patients, found significantly decreased 
olfactory-naming and -recognition performance in relation to 
duration of coma from less than 24 h, to 1–21 days, to more than 
21 days.

The present results are partially consistent with prior literature 
suggesting that increased duration of LOC, combined with impaired 
olfactory identification, enhance confidence in a diagnostic inference 
of positive TBI history. Future research is indicated to further elucidate 
how emotional processing may affect the identification and 
discrimination of specific odorants. Additionally, given the putative 
roles of the orbitofrontal cortex, medial prefrontal cortex, temporal 
lobes, hippocampus, and amygdala in both PTSD and the mediation 
of smell memory, future investigations should consider brain structure 
in olfactory studies within military-TBI populations (62). Future 
studies may also examine the associations between olfactory deficits, 
immediate posttraumatic neurological sequelae, and differential 
implications for the prediction of specific psychiatric and behavioral 
presentations in veterans post TBI (19), as most prior work has 
addressed civilians (7, 12, 18, 25, 63–67).

TABLE 3  UPSIT scores for PTSD symptom burden by TBI groups.

TBI PTSD Group N U z p R

None
No –TBI/–PTSD 122 4320.00 0.36 0.359 0.03

Yes –TBI/+PTSD 49

Mild
No +TBI/–PTSD 34 1101.00 −1.07 0.143 0.13

Yes +TBI/+PTSD 35

Moderate/severe
No +TBI/–PTSD 13 207.00 −1.09 0.138 0.18

Yes +TBI/+PTSD 23

UPSIT, University of Pennsylvania Smell Identification Test; PTSD, posttraumatic stress disorder; TBI, traumatic brain injury.
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A separate inquiry into whether the number of mTBI injuries 
resulted in greater impairment in olfactory discrimination revealed 
no differences between groups. While additional exploration is 
warranted given the high numbers of OEF/OIF personnel with 
history of multiple concussive injuries, our findings suggest TBI of 
moderate to severe severity, more than multiple mild concussive 
impacts, can be associated with olfactory-functioning deficits. These 
results offer mixed support for our second hypothesis that olfaction 
performance would be  negatively associated with severity of TBI 
history. An important caveat and potential limitation is the 
importance of the rigor of TBI severity assignment, especially given 
emerging data suggestive of a myriad of chronic and potentially 
disabling symptoms secondary to exposure to multiple subconcussive 
events (68).

Our findings did not support our third or fourth hypotheses that 
poorer olfaction performance would be associated with the presence 
of PTSD symptomatology or that PTSD would have a synergistic effect 
on olfactory dysfunction above TBI. Our findings stand in contrast to 
the studies of Vasterling et al. (21) and Dileo et al. (19) in that we did 
not observe a significant difference between participants with and 
without substantial PTSD-symptom burden. Vasterling et  al. (21) 
reported a marginally significant correlation (r = −0.21) between 
UPSIT scores and PTSD severity assessed with the Mississippi Scale. 
In contrast to our OEF/OIF-era active-duty and veteran sample, 
participants in the two prior studies noting olfactory impairment were 
Vietnam War veterans, older, and from a different service era, with 
potential exposure to the toxic defoliant dioxin (Agent Orange), which 
might have affected the nasal epithelium (21, 69). In contrast to Agent 
Orange exposures of the Vietnam-era cohort, OEF/OIF veterans 
experienced different exposures, notably with burn pits and other 
toxins; thus, if chemical exposure drove the effect in the Vietnam 
sample, a similar effect might be expected with OEF/OIF samples. 
Similarly, Vasterling and colleagues (20) in a subsequent study 
examining Persian Gulf War veterans, who also encountered 
substantial toxic exposures, failed to find a relationship between 
UPSIT scores and PTSD severity on an updated version of the 
Mississippi Scale, and Ruff et  al. (17) reported a non-significant 
correlation between the Brief Smell Identification Test and PCL-M in 
veterans with a history of TBI from the Afghanistan and Iraq wars. 
Future research might further explore whether specific smells are 
related to PTSD, as opposed to only global olfactory ability (19).

Despite current study strengths that included a representation 
from all military service branches, methodological limitations existed, 
including case assignment and other statistical issues. First, the 
method of historical TBI identification is not considered gold standard 
relative to more recent literature and suggested practice guidelines 
(70–72). Additionally, the LOC threshold for mTBI used in the 
measure is 20 min or less, which is not fully consistent with the 
current VA/DoD criteria of LOC 30 min or less. While participants 
from the Polytrauma rehabilitation sample had documented TBIs, 
most injuries for the whole study sample were identified through a 
self-report screening measure, often years post injury. Retrospective 
recollection can be distorted by ongoing psychiatric presentations or 
perceptions of impairment, leading to misattribution or overreporting 
(73). The Ivins TBI Screen was also limited by a cap on the number of 
TBIs that could be reported. A response of “Cannot Recall” resulted 
in assignment to the –TBI group, which lent a degree of uncertainty 
to the analyses examining number of TBIs.

Second, while two measures were utilized to determine presence 
or absence of PTSD symptom burden (PCL-M and PAI) and a 
validity score cut-off was employed, other more-established “gold 
standard” structured-interview techniques exist to determine PTSD 
diagnosis (e.g., Clinician-Administered PTSD Scale or Structured 
Clinical Interview for DSM). Also of note is that due to the date 
range of the current study, DSM-IV-TR was utilized instead of the 
more recent DSM-5 diagnostic manual. Relatedly, additional 
participant data such as psychiatric comorbidities were not available 
to characterize. Another limitation is that a wide range of durations 
existed between testing and the most-recent reported TBI, although 
analysis of TBIs incurred multiple years prior to study represents a 
common practice in this literature (4, 18, 25, 26). Additionally, both 
primary analyses were underpowered based on post-hoc power 
analyses, a limitation especially true for analyses using TBI severity, 
with the smallest subgroup (moderate/severe +TBI/–PTSD) only 
containing 13 subjects. Thus, conclusions are tentative, and further 
investigation with larger sample sizes is warranted. Finally, there 
were demographic differences across the +TBI and –TBI groups (age, 
race, education) and the PTSD and no PTSD groups (race and 
education). A larger sample would better allow exploration of 
those differences.

Future studies might additionally enhance sensitivity to the 
detection of olfactory alterations by incorporating an examination of 
laterality (e.g., via monorhinal administration or double simultaneous 
stimulation) (74, 75). Prior studies have reported a right-nostril 
advantage in odor discrimination (76, 77), and the right but not the 
left hippocampus has been noted to show activation during odor 
identification in an fMRI paradigm (78). Evidence furthermore 
suggests that the two cerebral hemispheres process different olfactory 
percepts and that connectivity between the two sides integrates 
perception (79, 80). For instance, the right orbitofrontal cortex has 
been reported to be  more sensitive to pleasant odors and the left 
homolog to unpleasant odors (81). PTSD patients suffering from 
negative cognitions and mood might therefore be expected to display 
greater activation of left-hemisphere olfactory regions on PET or 
fMRI in comparison with the right hemisphere. Probing of laterality 
in future olfactory investigations of PTSD, including assessment of 
cranial nerve V contralateral innervation, may refine the capacity to 
localize neuroanatomical alterations and thereby enhance diagnostic 
precision and inform treatment interventions.

Despite the foregoing limitations, our results indicate that a 
brief evaluation of olfactory-identification abilities is possibly a 
useful outcome in clinical and research investigations of 
TBI. Additional research is required to further understand the 
relationship between TBI severity and olfactory disfunction. 
Investigation of other indices and subcomponents of olfactory-
system processing and the role of laterality, coupled with 
neuroimaging, may further assist in differentiating the 
neuropsychological manifestations of physical and psychological 
trauma in veterans and other populations.
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