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Self-perception of olfactory dysfunction is associated with 
history of Traumatic Brain Injury: post-hoc analysis from the 
OLFACAT survey*

Abstract
Background: Traumatic brain injury (TBI) is one of the main causes of smell loss. However, epidemiological studies evaluating 

the incidence in general population are scarce. The aim of this analysis is to investigate the prevalence of TBI-induced olfactory 

dysfunction (OD) in a general-based population study.

Methodology: A cross-sectional population-based survey was distributed to general population (260,000 households) through 

the newspaper. The survey included four microencapsulated odorants (smell test) to assess smell loss and two self-administered 

questionnaires (odour description and epidemiology/health status). Participants were divided into two groups, with or without a 

history of TBI. 

Results: From 10,783 returned surveys, 9,348 were analysed. The survey profile was a 43-year old woman with medium-high 

educational level, living in a city. The overall prevalence of TBI was 5% (N=464, 44.5±14.1 years old, 57% females). Recorded causes 

of TBI were traffic, domestic, or work accidents. Subjects with TBI reported a poorer subjective smell self-perception compared to 

non-TBI participants, and a decreases ability to identify mercaptan (odour added to gas used in cities). Although, using the smell 

test, both groups showed similar smell capacities.

Conclusions: Subjects with TBI history report a higher frequency of self-perceived OD, and a decrease ability to smell the odour 

added to domestic gas. Having said that, the prevalence of OD, according to the smell test, was similar in both groups. 
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Introduction
Traumatic brain injury (TBI) constitutes a major health and soci-

oeconomic problem (1). TBI is defined as the damage to the brain 

caused by external mechanical force, in which the brain function 

is temporarily, or permanently impaired and structural damage 

may or may not be detectable with current technology (2). Epi-

demiological data on TBI from the European Union estimated an 

annual incidence for hospitalised and fatal TBI of approximately 

235 per 100,000 inhabitants (3). Usually, patients with TBI have 

residual deficits that impact their quality of life (4). 

Prevalence and risk factors for olfactory impairment in European 

population studies have been scarcely investigated. Addition-

ally, only a few epidemiological studies, using psychophysical 

testing methods (5) or self-administered microencapsulated 
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smell test (6), have assessed the impact of TBI in olfactory 

function as a secondary objective. In the OLFACAT (Olfaction 

in Catalonia) survey, the authors reported that participants 

with a history of head trauma had a higher risk of identification 

anosmia. Olfactory dysfunction (OD) is considered to be one of 

the “silent” problems of TBI. This is due to the fact that usually 

patients do not seek attention (7). The incidence of OD following 

TBI varies across studies, ranging from as low as 12.8% (8) to as 

high as 87% (9). This variability may result from differences in the 

methods used to assess OD and the score level used to indicate 

the impairment (10, 11). A higher percentage of OD after TBI was 

observed in studies, analysing patients referred to rhinology 

centres complaining of smell loss. Costanzo et al. (12) diagnosed 

anosmia in 60% of patients undergoing a previous TBI. This may 

be explained by the fact that most of the participants taking 

part in these studies are seeking for medical attention and, in 

consequence, most of the of patients may have been moderated 

to severe TBI. The association between TBI severity and the level 

of OD has been described (11,13). Yet, it is also correct that reports 

of mild head injuries may produce a complete olfactory loss (14). 

Consequently, most of the studies may under-report the num-

ber of people sustaining a mild head trauma, as those patients 

do not often get medical attention (15). 

Since epidemiological studies evaluating specifically the inci-

dence of TBI-induced OD in general population are scarce, the 

aim of this study was to investigate the prevalence of associa-

tion between OD and history of head trauma in a general-based 

population cohort (OLFACAT survey).

Materials and methods
Study population and design

This study was based on data collected in the OLFACAT (Olfac-

tion in Catalonia) survey (6). Assessment of olfaction with a set 

of four microencapsulated odorants, and demography - health 

status was based on two questionnaires. For the purpose of 

this study, the participants were divided into two groups with 

(TBI) or without (non-TBI) history of trauma brain history. The 

present manuscript has followed the STROBE checklist guideli-

nes. The Institutional Ethics and Clinical Research Committee of 

Hospital Clínic Barcelona approved the study (Reference Nº HCP 

2003/1295). 

Outcomes

Survey odorants. Four common odorants were included in 

the survey: rose (2% of Bulgarian rose in 98% of phenyl-ethyl 

alcohol) as a floral odour; banana (amyl-isobutirate at 50% in 

dietyl-phtalate) as a food odour; musk (1:1 mixture of galaxolide 

and diethyl-phtalate exaltolide) as a perfume odour; and gas 

(mixture of 30% mercaptan and 70% tetrahydrothiophene) as an 

industrial odour. Elaboration protocols and microencapsulation 

were previously reported in the OLFACAT study (6).

Smell questionnaire. Participants were asked to scratch and sniff 

each odour and then answer three questions: 1), odour detecti-

on: did you smell any scent? (yes, no); 2), odour recognition/me-

mory: have you ever smelt this scent? (yes, no); and 3), forced-

choice odour identification: which name defines the scent you 

have smelt?, only one of the four given options was correct. 

Firstly, the term ‘normosmia’ was used when a participant was 

able to detect, recognise (memory), or correctly identify all four 

tested odours. Secondly, the term ‘hyposmia’ was used when 

a participant was not able to detect, recognise (memory) or 

correctly identify one, two, or three tested odours and finally, 

the term ‘anosmia’ was used when a participant was unable to 

detect, recognise (memory), or correctly identify any of the four 

tested odours. 

Epidemiological and health-status questionnaire. From the 

12-question questionnaire, four questions were about demo-

graphy. Two questions described smell self-perception: 1) how 

do you consider your current sense of smell? (very good, good, 

poor, or very poor); and 2) have you ever lost the sense of smell? 

(never, up to one week, and over one week). One question was 

on smoking status (no, ex-smoker, and current smoker) and one 

on exposure to toxic or noxious substances. Finally, two questi-

ons were on TBI: 1) have you ever had a severe face and/or head 

trauma? (yes, no); and 2) which type of accident caused the head 

trauma (traffic, domestic, or at work).

Data management and statistical analysis

The data-cleaning process was based on programmed queries 

to identify records containing inconsistent or uncertain data. 

The corrupt or inaccurate values identified by these queries were 

subsequently recorded as missing values in the data set. Only 

those surveys fully and consistently answered were considered 

for statistical analysis. Data was statistically analysed using Stata 

V.8 (Stata Statistical Software: Release 8.0 College Station, TX, 

USA: Stata Corporation 2003). 

Differences in epidemiological and health-status characteristics 

and distribution of the survey outcomes between subjects, with 

or without history of head trauma, were evaluated by Chi-square 

or Fisher's exact test. Adjusted (multivariate) logistic regression 

models for anosmia and hyposmia were estimated. In order to 

evaluate effect modification of each independent variable due 

to having had a head trauma, interaction terms of each variable 

with such trauma were included in the model. To estimate the 

multivariate models for anosmia, the covariates that do not 

have any events (anosmia cases) in any of its categories were 

not included. Results from estimated models were expressed as 

adjusted ORs, Relative Excess Risk due to Interaction (RERI), also 

referred to as ICR (Interaction Contrast Ratio) and 95% IC (Inter-

val of Confidence). The reference category used to calculate the 
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frequency of being ex-smoker or active smoker (64.5% versus 

51.5%, p=0.008). 

The main causes for reported TBI were traffic (48.3%), domestic 

(34.3%), and work-related (6.5%) accidents, 10.9% of the survey-

ed population reported more than one cause of head trauma. 

A complete description of demographic characteristics is shown 

in Table 1. 

Sense of smell

Regardless of gender and age, more subjects in the TBI group 

than in the non-TBI group (12% vs. 6%, p<0.0001) self-rated their 

sense of smell as being poor or very poor. The frequency of loss 

of smell during a period of more than one week was also signifi-

cantly higher in the TBI group (12% vs. 5%, P<0.001). 

In both TBI and non-TBI groups the olfactory score for nor-

mosmia and hyposmia were similarly detected, recognised 

and identified. Only in the anosmia of identification category, 

TBI subjects reported a higher frequency than that of non-TBI 

subjects (3% vs. 1%, p=0.003). For the latter reason, the follo-

wing analysis was done comparing normosmia versus olfactory 

dysfunction (hyposmia plus anosmia).

Overall, individual odours were more detected than recognised 

or correctly identified. In addition, the TBI group showed a 

decreases ability (89% vs. 92%, p=0.03) to identify mercaptan 

(odour added to the gas used in cities) compared to non-TBI 

group. Although individual odours were always better detected, 

recognised, and identified by women than men in the non-TBI 

group, in the TBI group both men and women showed similar 

abilities to detect, recognize, and identify the individual odours. 

Table 2 shows data on the smell abilities of both TBI and non-TBI 

groups. 

Within the population experiencing olfactory disorders and 

in both TBI and non-TBI groups, there was a significant and 

progressive age-related decline of smell detection. While smell 

OR for each level of variables measured on an ordinal scale was 

the immediately previous category, starting with the second. 

All tests were performed using a two-tailed significance level of 

0.05.

Results
Data cleaning process

From the 10,783 received surveys (4,1% of distributed), 13.3% 

(5.6% identified as inconsistent and 7.7% with incomplete epi-

demiological or health-status questionnaires) were discarded. 

After the exclusion of inconsistent and incomplete surveys, the 

sample size for analysis was 9,348 questionnaires, 464 (4.9%) of 

them reporting a past history of head trauma (Figure 1).

Demographics

The mean age for the surveyed population was 43.3±14.1 years 

old. Mean age was similar for TBI (44.5±14.1 years-old) and non-

TBI (43.3±14 years-old) subjects. Although women were pre-

dominant in the total cohort (65.7%), the TBI group had fewer 

women than the non-TBI group (57% vs. 66%; p<0.001). Most 

of the participants had a high educational level and were living 

in an urban area (94%), with no statistical differences between 

educational levels. 

Subjects in the TBI group had a higher frequency of smoking 

habit (27% vs. 21%) and use of noxious substances (44% vs. 

20%) compared to the non-TBI group. Concerning smoking 

habit in both genders, men in the TBI group reported a higher 

Figure 1. Flow-chart of OLFACAT survey participants with or without his-

tory of Trauma Brain Injury (TBI) and olfactory dysfunction.

Figure 2. Smell detection, recognition/memory, and identification for 

participants with olfactory dysfunction according to age groups and 

gender (red, female; blue, male) in subjects without (A) or with (B) his-

tory of Trauma Brain Injury (TBI).
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recognition and identification increased up to the fourth decade 

of life, it continued to plateau throughout the fifth and sixth 

decades and declined thereafter (Figure 2). 

To further analyze the association of TBI with olfactory disorders, 

an adjusted logistic regression models were applied for smell 

detection, recognition, and identification OD. We did not find 

any statistical difference between the non-TBI and TBI group 

for all the covariables studied. In the non-TBI group, only smell 

detection was higher in women than in men (59% vs. 41%, 

p<0.0001), with a higher educational level (43% University) and 

the olfactory dysfunction being more frequent in the age group 

of 50-59 years old (p<0.001). In Table 3, the data is shown for 

the adjusted association between the covariables according to 

history of Traumatic Brain Injury (TBI) and the Relative Excess 

Table 1. Characteristics of the OLFACAT survey population with/without history of Trauma Brain Injury (TBI).

TBI, traumatic brain injury; SD, standard deviation. 1 number of subjects (percentage); 2 Chi-squared test.

Population characteristics History of TBI Total
(N=9,348)

p-value 2

Yes (N=464) No (N=8,884)

Female 1 6,137 (66%) < 0.0001

Age, years (mean ± SD) 44.5±14.1 43.3±14 43.3±14.1 0.0580

Age distribution, years 1     

< 20 18 (4) 424 (5) 442 (5) 0.3767

20 - 29 48 (10) 1,071 (12) 1,119 (12)  

30 - 39 104 (22) 2,051 (23) 2,155 (23)  

40 - 49 138 (30) 2,396 (27) 2,534 (27)  

50 - 59 88 (19) 1,859 (21) 1,947 (21)  

60 - 69 46 (10) 763 (9) 809 (9)  

> 70 22 (5) 320 (4) 342 (4)  

Educational level 1     

Primary School 2 (0) 31 (0) 33 (0) 0.8913

Secondary School 77 (17) 1,409 (16) 1,486 (16)  

High School 206 (44) 3,867 (44) 4,073 (44)  

University/College 179 (39) 3,577 (40) 3,756 (40)  

Residency zone 1     

Rural 9 (2) 157 (2) 166 (2) 0.3676

Semi-rural 26 (6) 379 (4) 405 (4)  

City 429 (92) 8,348 (94) 8,777 (94)  

Subjective description of smell 1     

Very good 98 (21) 1,885 (21) 1,983 (21) 0.0001

Good 310 (67) 6,405 (72) 6,715 (72)  

Bad / very bad 56 (12) 594 (6) 650 (7)  

Loss of smell history 1

Never 282 (61) 6224 (70) 6506 (70) < 0.0001

<1 week 126 (27) 2218 (25) 2344 (25)

> 1 week 56 (12) 442 (5) 498 (5)

Smoking habit 1     

Non-smoker 199 (43) 4,499 (51) 4,698 (50) 0.0020

Ex-smoker 141 (30) 2,508 (28) 2,649 (28)  

Smoker 124 (27) 1,877 (21) 2,001 (21)  

Exposure to noxious substances 1 204 (44) 2,589 (29) 2,793 (30) < 0.0001

Nasal allergy 1 95 (20) 1,172 (13) 1,267 (14) < 0.0001

Chronic rhinosinusitis 1 42 (9) 372 (4) 414 (4) < 0.0001
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TBI, traumatic brain injury. 1 number of subjects (percentage); 2 Chi-squared test; 3 Fisher's exact test.

Risk due to Interaction (RERI) for smell detection, memory/re-

cognition and identification in the TBI group.

Discussion
This post-hoc analysis of the OLFACAT survey evaluates, most 

specifically, the association of TBI and olfactory disorders in a 

general-based population. The main findings of the study were: 

a) self-rated description of smell impairment was higher in the 

TBI group (12%); b) the fact that women have a better sense of 

smell than men were disregarded in the TBI group, and c) smell 

identification ability for mercaptan (gas) is diminished in the TBI 

group.

Incidence rates for TBI smell impairment in the general popu-

lation are poorly reported. Our frequency for TBI in a general-

based population (4.9%) is slightly lower that those reported 

in previous studies, which ranges between 5.7-45% (19–21). There 

are two large population-based studies which associate TBI with 

OD specifically. However, both were based only on the self-

perceived OD (19, 20). Our study showed that self-rated description 

of smell impairment was higher in the TBI group (12%). Never-

theless, with regards to detected, recognition and identification, 

the olfactory score for normosmia and hyposmia were equally in 

both TBI and non-TBI groups. Moreover, this could be compa-

red to one of the biggest population-based study: “The Beaver 

Damm Offspring study”, which could not find any association 

between TBI and OD in the multivariate analysis (21). 

Interestingly, our study showed that being a male is not a risk 

factor for TBI, whilst women reported a higher prevalence of a 

history of TBI. This may be explained by the fact that a higher 

number of females responded to the survey (65.6%). In populati-

on-based studies that is inclusive of all ages, a trimodal age-

specific TBI incidence have generally been reported. Incidence 

peaks in early childhood, late adolescence/early adulthood, and 

in the elderly (22). We observed that participants from 30 to 50 

years old have the highest frequency of TBI over their life span. 

Moreover, the use of toxic substances and smoking habits were 

more frequent in the TBI cohort, which correlates with previous 

studies reporting the same risk factors for TBI (17, 18, 23). 

Post-traumatic olfactory dysfunction is a prevalent but un-

der evaluated problem in patients with TBI. The evaluation of 

olfactory dysfunction seems largely out of focus of healthcare 

providers who initially deal with the assessment of TBI patients. 

Table 2. Smell outcomes of the OLFACAT survey population with/without history of Trauma Brain Injury (TBI).

Smell outcomes History of TBI p-value

Yes (N=464) No (N=8,884)

Smell Detection 1

Normosmia 342 (82) 6,595 (81) 0.5300 2

Olfactory disfunction 76 (18) 1,590 (19) 0.5300 2

Rose 442 (100) 8,618 (99) 0.5100 3

Musk 379 (85) 7,263 (84) 0.5700 2

Banana 438 (99) 8,470 (99) 0.6300 3

Mercaptan 415 (96) 8,175 (97) 0.4500 2

Smell Recognition/Memory 1

Normosmia 201 (59) 3,623 (56) 0.2600 2

Olfactory disfunction 140 (41) 2,869 (44) 0.2600 2

Rose 414 (95) 8,076 (95) 0.7400 2

Musk 265 (70) 4,634 (66) 0.0800 2

Banana 386 (97) 7,632 (96) 0.3700 2

Mercaptan 372 (96) 7,230 (95) 0.2400 2

Smell Identification 1

Normosmia 192 (48) 3,946 (51) 0.2300 2

Olfactory disfunction 210 (52) 3,815 (49) 0.2300 2

Rose 390 (89) 7,865 (92) 0.0600 2

Musk 278 (64) 5,446 (65) 0.5500 2

Banana 359 (87) 7,241 (90) 0.0800 2

Mercaptan 377 (89) 7,636 (92) 0.0300 2



465

Langdon et al.

Table 3. Adjusted association between the covariables according to history of Traumatic Brain Injury (TBI) and the Relative Excess Risk due to 

Interaction (RERI) for smell detection, recognition and identification for the group with TBI history.
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Unfortunately, during follow-up, both the healthcare provider 

and the patient are aware of the smell impairment and are skep-

tical as to how to move forward. The impact of this neurological 

deficit is however profound and severely affects patient’s quality 

of life. This study demonstrated that the frequency of olfactory 

disorder in TBI subjects (18%) was similar to the reported in the 

general population (19.4%). Nevertheless, we observed that TBI 

subjects significantly reported a higher self-reported smell im-

pairment than non-TBI subjects (12% versus 6%, p<0.001). This 

finding is contradictory with previous published data reporting 

that patients with TBI do not usually self-report smell impair-

ment, and their olfactory dysfunction can be only detected with 

olfactory tests (24, 25). Callahan and Hinkebein (24) found that the 

more severe the trauma injury is, the more severe the olfactory 

impairment will be, being reflected by a low score on the Uni-

versity of Pennsylvania Smell Test (UPSIT). In their study, 56% of 

the sample population showed impaired olfaction, while 40% of 

them were unaware of their olfactory deficit. In our study, the si-

milar prevalence of olfactory dysfunction, in both cohorts, could 

be explained by the fact that the non-TBI population encompas-

ses people with other causes of OD. According to other studies 
(26,27) post infectious patients are usually middle-aged women 

- similar to the typical population of this study. Hence, it is highly 

probable that some of the non-TBI population suffer from post 

infectious olfactory loss, or from another cause of OD.

A decreased olfactory function with ageing in the males has 

been previously reported (6, 28-30). Recently Ottaviano et al. (31) 

reported that odour identification significantly worsened with 

age and the number of drugs taken by the elderly correlated 

directly with a worse olfactory threshold. In our publication of 

the OLFACAT survey (6), we reported a significant and progressive 

age-related decline of smell detection. While smell recognition 

and identification increased up to the fourth decade of life, it 

continued to plateau throughout the fifth and sixth decades 

and declined thereafter. Although these findings are very 

comparable to what we have observed in the non-TBI group, it 

is interesting to remark that these differences disappear in the 

TBI group. The findings showed that just like men, women alike 

have olfactory abilities that decline with ageing (Figure 2). Simi-

lar results have been reported by Doty et al. (9) where olfactory 

test scores were not gender or age-related in patients with TBI 

olfactory dysfunction. 

Smell detection, memory/recognition and identification for 

individual odorants or for different olfactory phenotypes 

(normosmia vs. olfactory disorder) show a similar frequency in 

both TBI and non-TBI. Specifically, when assessing mercaptan 

identification, we have observed a lower ability to identify mer-

captan (odour added to natural gas) among subjects with TBI 

history. Previous studies have reported that the activities most 

frequently impaired by chemosensory dysfunction include iden-

tification of spoiled foods (75%), detection of gas leaks (61%), 

quality and pleasure of eating (53%), detection of smoke (50%), 

ability to prepare food (49%), ability to correctly buy fresh food 

(36%), and aptitude in using cologne or perfume (33%) (32). Our 

post-hoc analysis corroborates these findings and may explain 

why patients with TBI-induced smell loss are at risk of domestic 

accidents related to the leak of gas or smoke, as their ability 

(89% vs. 92%) to identify mercaptan (odour added to domestic 

gas) is decreased.

Like in all epidemiological studies, the present post-hoc analysis 

of the OLFACAT survey may have some limitations or weaknes-

ses: 1st) the survey population cannot be considered a random 

sample since there was no control over whom and how the sur-

vey was performed or whether participants were preferentially 

motivated to answer the survey; 2nd) the survey’s data may not 

be fully representative of the general population since the rea-

dership survey (2003) shows that the newspaper readers belong 

to a higher socio-cultural class (85.1% middle class) and have a 

higher educational level (31.1% finished secondary school) than 

that of the general Catalan population (65.0% and 25.6%, res-

pectively, 2002 census); 3rd) we only used four odours to assess 

the olfactory status, and thus, we could not reliably state that 

the subjects had a real olfactory dysfunction. This is due to the 

fact that this test is only considered as a screening test and not 

a validated olfactometric test, 4th) other studies have found dif-

ferent smell capacity among different ethnic groups, though the 

lack of ethnic/cultural diversity in our sample (mainly with Eu-

ropean ancestors) could limit the generalization of the findings 

to other ethnic/cultural groups; 5th) subjects with moderate to 

severe head trauma could have been more/less interested in 

participating in the survey leading to an over/underestimation 

of the frequency of smell dysfunction; and 5th) observations 

were based on cross-sectional data, making it impossible to 

disentangle true ageing effects from cohort membership; and 

6th) the survey could have a positive female response bias since 

almost two-thirds of participants who returned the surveys were 

women (65.7%).

Conclusion
In conclusion, the present study on the general population 

indicates that a past history of TBI is not clearly associated with 

olfactory disorders. Nonetheless, in those patients who do re-

port an olfactory dysfunction after a TBI the damage, seem more 

related to olfactory processing deficits (odour identification).
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