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Olfactory training in normosmic individuals: a randomised 
controlled trial*

Abstract
Background: Even if olfactory training (OT) is a well-established treatment for individuals with olfactory dysfunction, the effect 

on individuals with normosmia remains uncertain. In this randomised controlled trial, we explore how OT with different exposure 

lengths affect olfactory function in individuals with normosmia.

Methodology: Two hundred normosmic individuals were randomly assigned to one of two intervention groups performing OT 

with different exposure lengths or to a control group. The OT groups did OT twice daily for three months, sniffing four different 

odours (eucalyptus, lavender, mint, and lemon) for 10 seconds per bottle during either a total of 40 seconds (standard OT) or 4 

minutes (extended OT), while the control group did not perform any OT. Olfactory function was assessed using a 48-item Sniffin 

Sticks test at baseline, after the intervention, and after one year.

Results:  We found no significant effect of OT in either of the intervention groups on any aspect of olfaction after intervention or 

at follow-up. There was no association between sex, age, allergic rhinitis, education or olfactory scores at baseline, and changes 

in olfactory function after OT. The extended OT group performed significantly fewer training sessions compared to those in the 

standard OT group.

Conclusions: OT had a limited effect on olfactory function in individuals with normosmia. Further, the superiority of a more exten-

ded OT is not supported by this study, and shorter training sessions seem to improve compliance with OT.
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Introduction
Olfaction is a sense that, to date, is not completely understood. 

Many actions and decisions in our daily life may be driven by 

certain odours, and olfaction is of crucial importance in human 

interaction, nutrition and the ability to avoid environmental 

hazards (1). An impaired olfactory function may enhance depres-

sion and anxiety symptoms (2). Furthermore, olfaction is of 

physiological importance being associated with major health 

outcomes, including neurodegenerative diseases and mortality 
(3, 4). Olfactory function diminishes with age, and some studies 

indicate a possible olfactory superiority of women over men 
(4-11). Depending on definitions and investigated populations, 

olfactory dysfunction (OD) affects more than a quarter of the 

population (10), possibly more after the Covid-19 pandemic (12), 

and olfactory training (OT) has been regarded as a good treat-

ment option due to the unique neural plasticity of the olfactory 
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mucosa and pathway, both through bottom-up and top-down 

processes (13-16). 

The efficacy of OT is mostly documented in individuals with 

OD, as in a 2017 meta-analysis which reported an improvement 

of olfactory function after OT, with a large effect on the global 

olfactory score (TDI), discrimination (D) and identification (I) for 

patients with OD of different etiologies and a small to moderate 

effect on the threshold (T) (17). A recent review suggests that 

OT may have several benefits both in those with and without 

OD since, in addition to enhancing olfactory function, it may 

improve cognitive performance and increase volume in several 

brain regions as well as increase neural connectivity (18). This may 

have implications for diminishing the negative consequences of 

olfactory loss and might even prevent age- or disease-related 

olfactory loss. However, the effectiveness of OT on olfactory 

performance in normosmic individuals is poorly studied, and 

the results are heterogeneous. While some studies reported 

improved olfactory sensitivity after repeated exposure to odours 
(19, 20), other studies found no increase (21, 22). Negoias et al. (13) even 

found decreased olfactory sensitivity after OT in normosmic 

individuals. The same study found no change in I scores after OT 
(13), while OT resulted in significantly better I score in other stu-

dies (22, 23). In children and sommeliers, OT is reported to improve 

olfactory sensitivity (24-26). However, in an older population, the 

efficacy of OT is controversial as one study found no signifi-

cant increase in olfactory function after OT (27), while another 

reported a significant improvement of olfactory function and 

improved verbal function, subjective well-being and decreased 

depressive symptoms in the OT group (28). 

Although OT is a well-established treatment for OD, questions 

regarding the efficacy and mechanism of OT persist (29). The 

most efficient way to perform OT and the long-term effect 

of OT remains uncertain. In patients with OD, increasing the 

concentration of the odours (30), adding more odours (31) and 

longer duration of OT (32) is suggested to increase OT's efficacy. In 

individuals with normosmia, more complex training tasks may 

be advantageous (22, 33). To our knowledge, how OT with different 

exposure lengths influences olfactory function in individuals 

with normosmia is not explored.   

In summary, OT does not seem to improve olfactory function in 

all circumstances, and more research is needed to understand 

the effects of OT, identify the population most likely to benefit 

from the treatment and establish optimal training protocols. 

This motivated the present randomised trial, where the primary 

aim was to explore how OT with different exposure lengths 

influences different aspects of olfaction and the long-term effect 

of OT in a normosmic population. The secondary aim was to 

identify factors associated with changes in olfactory function 

after OT.

Materials and methods
Study design 

In this randomised controlled trial, the participants were rand-

omly assigned to one of two intervention groups to perform OT 

with different exposure lengths or to a control group. They did 

not receive any financial compensation for participation. The 

randomisation was performed using a web-based program pro-

vided by the Clinical research unit at the Norwegian University 

of Science and Technology. The participants were evaluated at 

baseline, after three months of intervention and after one year. 

The power calculation was based on a difference in change in 

TDI of 2 between the two intervention groups, a standard devia-

tion of 4.0 and a power of 90%, indicating a sample size of 84 in 

each group. The clinical trial's number was NCT02980718. 

Participants

A total of 200 participants were recruited via public adverti-

sement between 2016 and 2019 (9): 90 participants to perform 

extended OT, 90 participants to perform standard OT (34) and 20 

participants as controls with no OT or any other intervention/

instruction (Figure 1). The inclusion criteria were adults aged 

18-65 with normosmia (TDI score > 30.5). Exclusion criteria were 

diseases affecting olfaction, such as chronic rhinosinusitis with 

or without nasal polyps, severe symptoms of allergic rhinitis, 

sinonasal surgery within the last three years before inclusion, 

recent or ongoing upper respiratory tract infection, Alzheimer's 

disease, Parkinson's disease, multiple sclerosis and chronic ob-

structive pulmonary disease. Additionally, individuals who were 

not able to participate due to limitations in language, practical 

implementation or mental condition were excluded from the 

study. All participants signed an informed consent form. The 

study was approved by The Regional Committee for Medical Re-

search Ethics in Mid-Norway (reference number 2016/837), and 

investigations were performed in accordance with the principles 

of the Declaration of Helsinki/Hong Kong.

Variables

Background variables, such as age, sex, symptoms of allergy, 

smoking and level of education, were assessed using a questi-

onnaire (35). Self-reported olfactory function was assessed on a 

100 mm Visual Analogue Scale (VAS), with 0 mm as "the worst 

possible sense of smell" and 100 mm as "the best possible sense 

of smell" (36). The participants noted the subjective change in 

olfactory function after the intervention period and after one 

year. Allergy status was assessed using a skin prick test with an 

allergy panel consisting of birch, grass and mugwort pollen, 

Cladosporium, house dust mite and dog, cat and horse epithelia, 

together with positive and negative controls. A positive test was 

defined as a wheal diameter >3 mm (37). Participants with a posi-

tive test and typical symptoms of hypersensitivity were classified 

as having allergic rhinitis. Nasal endoscopy (2.7 mm, 0° True View 
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II endoscope, Olympus, Japan) was performed by an otolaryn-

gologist after olfactory testing. The findings were scored using 

the modified Lund-Kennedy scoring system based on polyp 

extend (none with polyps were included in this study), oedema 

(0: absent; 1: mild; 2: severe), and discharge (0: none; 1: clear; 2: 

thick and purulent) (38). For statistical purposes, the results were 

dichotomized to "no mucus or oedema" and "presence of mucus 

and/or oedema".

Olfactory training

Participants in the two intervention groups were instructed to 

perform OT for three months with twice daily sessions of four 

bottles containing oils from eucalyptus, lavender, mint and 

lemon plants. They were instructed to do OT according to the 

assigned OT intervention group. Those undergoing standard OT 
(34) were instructed to sniff 10 seconds per bottle for a total of 

40 seconds. Those undergoing extended OT were instructed to 

continuously sniff each bottle for 10 seconds and then without a 

delay rotate them for a total of 4 minutes. 

To focus the attention on the OT, the participants in the inter-

vention groups were asked to log the training session twice 

daily in a diary. 

Olfactory outcome

The main outcome of the RCT was the olfactory function scores, 

evaluated using the Sniffin' Sticks test (Burghart Messtechnik, 

Wedel, Germany) (39). The test consists of three subtests, T, D and 

I, which form the composite global olfactory score (TDI). T was 

determined when the odorized pen (n-butanol) was identified 

among three samples, with the other two pens containing the 

solvent propylene glycol, which has little or no odour. Concen-

tration was increased if one of the odourless pens was selected 

and decreased if the correct pen was identified twice in a row. 

The T score was the mean of the last four reversal points, ranging 

from 1 to 16. In the D test, the participant was encouraged to 

discriminate one different odour from two identical odours. This 

was performed for 16 triplets of pens. In the I test, the partici-

pant was presented with single pens and asked to identify each 

of the 16 odours from a list of four descriptors. The summated 

TDI score from the T, D and I subtests, with a maximum of 48 

points (each subtest with 16 points), were used to categorize 

patients in terms of normosmia (score≥30.75), hyposmia (score 

16.25–30.5) and functional anosmia (referred to as anosmia) 

(score≤16) (6). Clinically significantly improved olfaction was 

defined as an increase in TDI score by 5.5 (40).

Figure 1. Flowchart of inclusion and dropout.
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Statistical analysis

SPSS version 27 (SPSS Inc., Chicago, IL, USA) and Stata version 

17.0 was used for statistical analysis. Comparisons between the 

three groups were performed using one-way ANOVA and Chi2 

tests (Fisher's Exact test if expected value < 5). The assumption 

of normality was satisfied for all continuous variables, based on 

a test of normality (Shapiro-Wilk), histogram and Q-Q plot and 

according to the central limit theorem. Linear mixed models 

were estimated to compare the change in olfactory function 

after intervention and at follow-up between the two interven-

tion groups and the control group. Models that were fitted 

included study arm, follow-up time, age group (18-30 years, 

31-40 years, 41-50 years, 51-60 years, 61-65 years), sex, allergic 

rhinitis, smoking, education and endoscopic findings of mucus 

or oedema. We assessed the interaction effects between the 

measurement time (baseline vs post-OT vs follow-up) and trai-

ning regimen (extended vs standard vs control group). To study 

the effect of intervention in subgroups, three-way interaction 

effects between the study arm, follow-up time and the covariate 

of interest (age group, sex, allergic rhinitis, education and endo-

scopic findings of mucus or oedema) were estimated. Similarly, 

the interaction effects between measurement time, training 

regimen and T, D, I and TDI below/above the median at baseline 

were explored. To further examine the potential impact of age, 

sex and baseline TDI on the effects of OT within each interven-

tion group, we compared the youngest and oldest one-third 

of participants, men vs women and those with the lowest and 

highest one-third baseline TDI scores. The alpha level was set at 

0.05. 

Results
There were no significant differences in characteristics or olfac-

tory function between the three groups at baseline (Table 1). 

The OT diary was submitted by 97% (151/156). Of 186 possible 

sessions per participant, the mean (SD) number of training ses-

sions for both training groups was 160.7 (23.9) per participant. 

Subjects in the extended OT group performed significantly 

fewer training sessions compared to those in the standard OT 

group (156.0 (26.6) vs 164.7 (20.7), p=0.03).

A linear mixed model comparing the change in T, D, I and TDI 

after intervention (3 months) and follow-up (1 year) between 

the two intervention groups and controls revealed no significant 

effect of the intervention at any of the endpoints (Figure 2 and 

Supplementary Table 1). For all outcomes, we tested for poten-

tial three-way interaction effects between the randomizsation 

arm, follow-up time and each of the following covariates: sex, 

age group, education, allergic rhinitis and endoscopic findings 

of mucus or oedema. Due to the low number of smokers in 

the intervention and control groups, we did not proceed with 

further analysis of this group. The only statistically significant 

interaction effect was the endoscopic finding of mucus or oe-

dema for outcome TDI (Table 2). Participants in the extended OT 

group with normal endoscopic findings had significantly higher 

TDI scores at follow-up compared to the standard OT group 

(between-group differences 1.29, 95% confidence interval 0.36, 

2.22, p-value 0.007). Other comparisons were not statistically 

significant. Further, to consider a potential ceiling effect, we te-

sted if there were any three-way interaction effects between the 

Table 1. Demographics and descriptive statistics of the three study groups at baseline.

Total Extended OT Standard OT Control group p-value

Age mean (SD) 40.0 (11.6) 38.8 (10.7) 41.3 (12.4) 39.3 (11.3) 0.3

Women a  n (%) 151 (75.5) 66 (73.3) 68 (75.6) 17 (85.0) 0.5

Smoker b n (%) 8 (4.0) 4 (4.4) 3 (3.3) 1 (5.0) 0.9

Allergic rhinitis c  n (%) 56 (28.0) 27 (30.0) 23 (25.6) 6 (30.0) 0.8

Education:  n (%)                                  
High school  26 (13.0) 9 (10.0) 15 (16.7) 2 (10.0) 0.5

College/University 173 (86.5) 80 (88.9) 75 (83.3) 18 (90.0)

MLK    mean (SD) 0.4 (1.0) 0.5 (1.1) 0.3 (0.8) 0.4 (1.0) 0.4

Oedema/mucus d  n (%) 34 (17.0) 18 (20.0) 13 (14.4) 3 (15.0) 0.6

VAS, olfactory function 
mean (SD)

69.0 (16.9) 70.8 (14.8) 67.2 (17.8) 68.8 (21.0) 0.4

TDI mean (SD) 34.3 (2.3) 34.5 (2.2) 34.1 (2.3) 34.4 (2.3) 0.2

T mean (SD) 7.2 (1.6) 7.4 (1.5) 7.0 (1.6) 7.4 (1.7) 0.2

D mean (SD) 13.5 (1.5) 13.5 (1.5) 13.5 (1.5) 13.6 (1.7) 0.8

I mean (SD) 13.6 (1.2) 13.6 (1.3) 13.6 (1.2) 13.4 (1.1) 0.9

P-values compare baseline means in the three groups. MLK: modified Lund Kennedy endoscopy score; VAS: visual analogue scale; TDI: sum of the T, D 

and I scores; T: threshold; D: discrimination; I: identification. Note: a vs men, b vs non-smoker, c vs no allergic rhinitis, d vs no oedema/mucus. 
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randomisation arm, follow-up time and olfactory function scores 

(T, D, I and TDI) below or above median values at baseline. None 

of these were significant (Table 2).

Comparing the effect of OT in the one-third youngest and oldest 

revealed no significant differences within the two intervention 

groups (Table 3). Considering the baseline TDI score, partici-

pants with the highest one-third TDI score at baseline, both in 

the standard and extended OT group, had a significantly greater 

increase in TDI after intervention and at follow-up, compared 

to those with the lowest one-third baseline TDI score. The same 

applied to T and I in the extended OT group after intervention 

(Table 3). Women had significantly higher D after extended 

OT than men, but there were no differences between sexes at 

follow-up (Table 3). 

Discussion
This study aimed to explore how OT with different exposure 

lengths influences olfaction in a normosmic population. We 

found no significant effect of OT in either of the intervention 

groups on any aspect of olfaction (T, D, I, or TDI) after inter-

vention (3 months) or at follow-up (1 year). There were similar 

findings regardless of sex, age group, allergy status, education, 

or if the olfactory function was below or above the median at 

baseline. The extended OT group performed significantly fewer 

training sessions compared to those in the standard OT group.

 

Although OT is a promising approach to improve olfactory 

function in individuals with OD (17), the results from this study 

indicate that OT has little influence on olfactory function in 

individuals with normosmia. Conversely, two studies found OT 

to be effective both in individuals with normosmia and OD (19, 

41). Consistent with our results, prior studies have demonstrated 

unsuccessful attempts to improve olfactory function in nor-

mosmic individuals (13, 21). One explanation for this outcome is 

that OT may have limited effectiveness in individuals with high 

olfactory scores at baseline due to a ceiling effect. However, 

even in those with baseline olfactory function scores below the 

median, we did not observe a significant effect of OT, unlike 

results from another study on normosmic individuals (41). Addi-

tionally, when comparing individuals with the one-third lowest 

and highest baseline TDI scores in each intervention group, we 

found a statistically significant, but not clinically significant (40), 

greater effect of both training regimens in the group with the 

highest baseline TDI scores, which challenges the notion of a 

ceiling effect. Another explanation for the lack of effect of OT in 

normosmic individuals could be that repeated odour exposure 

in individuals with normosmia might lead to diminished interest 

Figure 2. Figure derived from a linear mixed model illustrating mean and confidence interval for A. Threshold, B. Discrimination, C. Identification and 

D. TDI: sum of the T, D and I scores at baseline, after three months and one year for intervention and control groups.
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Table 2. Statistical values for potential three-way interactions between study groups.

Estimated differences in olfactory function after standard or extended OT between the one-third youngest and oldest (adjusted for baseline olfac-

tory score), those with the one-third lowest and highest baseline TDI scores and men vs women, after intervention (1) and at follow-up (2). Estimates 

are derived from a linear mixed model. TDI= sum of the T, D and I scores; T= threshold; D= discrimination; I= identification; CI= confidence interval. 

*p<0.05.

in the task, although our participants reported high adherence 

to the training. 

However, the most effective OT regimen is yet to be established. 

Different approaches have been suggested to provide a greater 

training effect, such as a longer duration of OT (32), adding more 

odours to the training regimen (31), and the use of odours at 

higher concentrations (30). In individuals with normosmia, more 

complex training features have been suggested as beneficial (22, 

33). In our study, the lack of difference in olfactory function after 

intervention and at follow-up between the two intervention 

groups suggests that extended OT is not superior to standard 

OT. This is supported by another study that found no benefit 

from a more intense OT regimen (19). This finding can have impli-

cations for the future standardisation of recommended training 

regimens. Four minutes of OT is more exhausting than 40 se-

Sex Age group Education Allergic rhinitis Mucus/oedema Baseline values

T 0.20 0.85 0.83 0.59 0.09 0.46

D 0.13 0.17 0.50 0.67 0.16 0.19

I 0.86 0.54 0.22 0.14 0.99 0.24

TDI 0.12 0.23 0.44 0.60 0.02* 0.70

Olfactory function 
Standard OT

1/3 youngest vs 1/3 
oldest 

Mean difference (95% CI)

p-value 1/3 lowest vs 1/3 highest 
baseline TDI 

Mean difference (95% CI)

p-value Men vs women 

Mean difference (95% CI)

p-value

TDI1 1.15 (-0.28, 2.58) 0.12 -1.05 (-1.96, -0.14) 0.02* -1.21 (-2.60, 0.17) 0.09

T1 -0.03 (-0.81, 0.76) 0.95 -0.24 (-0.79, 0.30) 0.38 -0.69 (-1.44, 0.05) 0.07

D1 0.70 (-0.08, 1.50) 0.08 -0.03 (-0.57, 0.51) 0.91 -0.42 (-1.18, 0.35) 0.29

I1 0.40 (-0.27, 1.08) 0.24 -0.02 (-0.45, 0.42) 0.94 -0.22 (-0.87, 0.43) 0.50

TDI2 1.08 (-0.38, 2.54) 0.15 -1.97 (-2.89, -1.04) <0.001* 0.05 (-1.36, 1.46) 0.94

T2 0.07 (-0.73, 0.87) 0.86 -0.27 (-0.78, 0.25) 0.31 -0.31 (-1.07, 0.45) 0.43

D2 0.37 (-0.44, 1.18) 0.37 -0.42 (-1.00, 0.16) 0.16 0.69 (-0.09, 1.47) 0.08

I2 0.57 (-0.12, 1.26) 0.10 -0.29 (-0.72, 0.13) 0.18 -0.48 (-1.14, 0.19) 0.16

Olfactory function
Extended OT

TDI1 -0.64 (-2.18, 0.89) 0.41 -1.56 (-2.55, -0.58) 0.002* -0.27 (-1.69, 1.15) 0.70

T1 -0.39 (-1.24, 0.44) 0.36 -0.74 (-1.26, -2.11) 0.01* 0.32 (-0.46, 1.09) 0.42

D1 -0.71 (-1.57, 0.14) 0.10 -0.36 (-0.92, 0.21) 0.22 -0.86 (-1.65, -0.06) 0.03*

I1 0.60 (-0.13, 1.33) 0.11 -0.43 (-0.84, -0.01) 0.04* 0.18 (-0.49, 0.85) 0.60

TDI2 -0.75 (-2.31, 0.81) 0.34 -1.44 (-2.33, -0.54) 0.002* 1.06 (-0.37, 2.48) 0.15

T2 -0.78 (-1.64, 0.07) 0.07 -0.43 (-0.96, 0.10) 0.11 0.65 (-0.12, 1.42) 0.10

D2 0.04 (-0.83, 0.90) 0.94 -0.24 (-0.82, 0.34) 0.42 0.08 (-0.72, 0.88) 0.84

I2 0.12 (-0.62, 0.86) 0.75 -0.39 (-0.82, 0.03) 0.07 0.27 (-0.41, 0.94) 0.43

P-values for potential three-way interaction effects between randomisation arm, follow-up time and each of the following covariates: sex, age group, 

education, allergic rhinitis, endoscopic findings of mucus or oedema and olfactory function values below/above median at baseline. TDI: sum of the T, 

D and I scores; T: threshold; D: discrimination; I: identification. *p<0.05.

Table 3. Estimated differences in olfactory function within intervention groups.



52

Heian et al.

conds of OT, and a shorter training regimen probably improves 

compliance. This claim is supported by our finding of signifi-

cantly better compliance in the standard OT group compared to 

the extended OT group. 

We found no influence of sex on the effect of OT in individuals 

with normosmia, consistent with findings in other studies (13, 

41). Furthermore, there were no clinically significant differences 

between men and women within the intervention groups (40). 

Moreover, we found no differences in the changes in olfac-

tory function after OT between age groups. Increasing age is 

considered to be the most common cause of OD (9, 10), and some 

studies have demonstrated OT to be more effective in younger 

individuals (41, 42), but this is not confirmed in other studies (13, 32), 

nor in our study, as we found no difference in olfactory outcome 

after OT comparing the youngest and oldest one-third in each 

intervention group. Allergy, considered to affect olfactory func-

tion dependent on disease severity and duration (43), also did 

not affect OT in our study. Neither did education level, which in 

some studies is associated with olfactory function (9, 44). However, 

those with normal endoscopy in the extended OT group sho-

wed slightly higher TDI at follow-up compared to the standard 

OT group, but the difference was not clinically significant (40).

Several studies have shown a correlation between changes in ol-

factory function and structural changes in olfactory processing 

areas of the brain after OT, with a better olfactory function being 

related to increased cortical thickness and density in several 

brain regions (22, 45, 46). Interestingly, structural changes can be 

observed even when the olfactory function appears unchanged 
(13). The functional implication of these morphologic changes 

without a measurable change in olfactory function remains 

unclear. One can speculate if these volume changes reflect other 

functional effects of OT, which extend beyond its impact on 

olfactory function, such as improved cognitive function, parti-

cularly verbal fluency and learning/memory (18), and preventive 

effect on age- or disease-related olfactory decline (27, 28, 47). Hence, 

although we did not find any significant change in olfactory 

function after OT in normosmic individuals, the training may 

have had other beneficial effects. To explore this, magnetic re-

sonance imaging, cognitive assessment and longitudinal study 

design are required.

The present study is unique in that it uses a randomised control-

led trial study design with a large sample size and three com-

parative groups to study the effect of OT on olfactory function 

in individuals with normosmia. The use of comprehensive and 

validated tests for olfactory assessment, follow-up measure-

ments to explore how training effects persisted following OT 

cessation, and OT registration to observe training compliance 

further strengthens the study. Among limitations, OT compli-

ance was based on self-reports, and whether the participants 

performed OT accordingly to the regimen is difficult to verify. 

Further, the basis for comparison would have been more reliable 

if the extended OT group had similar compliance to those in 

the standard OT group. Moreover, other potential effects of OT, 

like cognitive function or structural changes in the brain, were 

not investigated (18). Neither was comorbidity (44), psychologi-

cal health (48, 49) nor medication (4), which might influence the 

potential effect of OT. The study might be biased in terms of sex. 

Further, the allergy classification was uncertain, as the diagnosis 

solely relied on a positive skin prick test and typical symptoms 

of hypersensitivity without specifying the symptomatic allergen. 

Next, due to the dropout frequency, our negative findings may 

be caused by type II errors, but we were close to the number of 

participants we needed in the two intervention groups. Finally, 

although there is a risk of reaching a ceiling effect in a study on 

OT in normosmic individuals, our findings of greatest improve-

ment in those with the highest baseline TDI suggest that further 

enhancement of olfactory function may still be possible, depen-

dent on the individual’s capacity for olfactory regeneration (16, 50). 

Conclusion
Our findings confirm that OT has a limited effect on olfactory 

function in individuals with normosmia. Further, the superio-

rity of a more extended OT is not supported by this study, and 

shorter training sessions seem to improve compliance with OT. 

Neither sex, age, allergic rhinitis, education, nor olfactory scores 

at baseline were associated with changes in olfactory function 

after OT. 

Acknowledgements
We are grateful for the assistance of the Clinical Research Facility, 

St. Olavs University Hospital and their nurses and research nurse 

Monica Andersen, Department of Otolaryngology, Head and 

Neck Surgery, St. Olavs University Hospital.

Authorship contribution
ITH: Study design, data collection, statistical analysis, paper 

drafting; WMT: Study design, data collection, statistical analysis, 

paper drafting; TAM: Statistical analysis, paper drafting

TH: Study design, statistical analysis, paper drafting; SN: Study 

design, paper drafting; MB: Study design, data collection; ASH: 

Study design, statistical analysis, paper drafting

Conflict of interest
None declared.

Funding
No funding from external sources



53

Olfactory training in individuals with normosmia 

References 
1.	 Boesveldt S, Parma V. The importance of 

the olfactory system in human well-being, 
through nutrition and social behavior. Cell 
Tissue Res 2021; 383(1): 559-67.

2.	 Marin C, Alobid I, Fuentes M, López-Chacón 
M, Mullol J. Olfactory Dysfunction in Mental 
Illness. Curr Allergy Asthma Rep 2023; 23(3): 
153-64.

3.	 Yang J, Pinto JM. The epidemiology of olfac-
tory disorders. Curr Otorhinolaryngol Rep 
2016; 4(2): 130-41.

4.	 Whitcroft KL, Altundag A, Balungwe P, et 
al. Position paper on olfactory dysfunction: 
2023. Rhinology 2023.

5.	 Liu G, Zong G, Doty RL, Sun Q. Prevalence 
and risk factors of taste and smell impair-
ment in a nationwide representative sam-
ple of the US population: a cross-sectional 
study. BMJ Open 2016; 6(11): e013246.

6.	 Oleszkiewicz A, Schriever VA, Croy I, Hahner 
A, Hummel T. Updated Sniffin' Sticks norma-
tive data based on an extended sample of 
9139 subjects. Eur Arch Otorhinolaryngol 
2019; 276(3): 719-28.

7.	 Wang X, Zhang C, Xia X, Yang Y, Zhou C. 
Effect of gender on odor identification 
at different life stages: a meta-analysis. 
Rhinology 2019; 57(5): 322-30.

8.	 Sorokowski P, Karwowski M, Misiak M, et al. 
sex differences in human olfaction: a meta-
analysis. Front Psychol 2019; 10: 242.

9.	 Heian IT, Helvik A-S, Hummel T, et al. 
Measured and self-reported olfactory func-
tion in voluntary Norwegian adults. Eur 
Arch Otorhinolaryngol 2022.279(10):4925-
4933.

10.	 Desiato VM, Levy DA, Byun YJ, Nguyen SA, 
Soler ZM, Schlosser RJ. The prevalence of 
olfactory dysfunction in the general popu-
lation: a systematic review and meta-analy-
sis. Am J Rhinol Allergy 2021; 35(2): 195-205.

11.	 Mullol J, Alobid I, Marino-Sanchez F, et al. 
Furthering the understanding of olfaction, 
prevalence of loss of smell and risk factors: a 
population-based survey (OLFACAT study). 
BMJ Open 2012; 2(6).

12.	 Lechien JR, Chiesa-Estomba CM, Beckers E, 
et al. Prevalence and 6-month recovery of 
olfactory dysfunction: a multicentre study 
of 1363 COVID-19 patients. J Intern Med 
2021.

13.	 Negoias S, Pietsch K, Hummel T. Changes 
in olfactory bulb volume following lateral-
ized olfactory training. Brain Imaging Behav 
2017; 11(4): 998-1005.

14.	 Huart C, Rombaux P, Hummel T. Neural 
plasticity in developing and adult olfac-
tory pathways - focus on the human olfac-
tory bulb. J Bioenerg Biomembr 2019; 51(1): 
77-87.

15.	 Hummel T, Stupka G, Haehner A, Poletti SC. 
Olfactory training changes electrophysio-
logical responses at the level of the olfacto-
ry epithelium. Rhinology 2018; 56(4): 330-5.

16.	 Durante MA, Kurtenbach S, Sargi ZB, et al. 
Single-cell analysis of olfactory neurogen-
esis and differentiation in adult humans. 

Nat Neurosci 2020; 23(3): 323-6.
17.	 Sorokowska A, Drechsler E, Karwowski M, 

Hummel T. Effects of olfactory training: a 
meta-analysis. Rhinology 2017; 55(1): 17-26.

18.	 Vance DE, Del Bene VA, Kamath V, et al. 
Does olfactory training improve brain func-
tion and cognition? a systematic review. 
Neuropsychol Rev 2023: 1-37.

19.	 Oleszk iewicz A, Bottesi L, Pieniak M, 
et al. Olfactory training with aromastics: 
olfactory and cognitive effects. Eur Arch 
Otorhinolaryngol 2022; 279(1): 225-32.

20.	 Dalton P, Doolittle N, Breslin PA. Gender-
specific induction of enhanced sensitivity 
to odors. Nat Neurosci 2002; 5(3): 199-200.

21.	 Livermore A, Hummel T. The influence of 
training on chemosensory event-related 
potentials and interactions between the 
olfactory and trigeminal systems. Chem 
Senses 2004; 29(1): 41-51.

22.	 Al Aïn S, Poupon D, Hétu S, Mercier N, 
Steffener J, Frasnelli J. Smell training 
improves olfactory function and alters brain 
structure. Neuroimage 2019; 189: 45-54.

23.	 M o rq u e c h o - Ca m p o s  P,  L a r s s o n  M , 
Boesveldt S,  Olofsson JK .  Achieving 
Olfactory Expertise: Training for Transfer 
in Odor Identification. Chem Senses 2019; 
44(3): 197-203.

24.	 Mori E, Petters W, Schriever VA, Valder C, 
Hummel T. Exposure to odours improves 
olfactory function in healthy children. 
Rhinology 2015; 53(3): 221-6.

25.	 Tempere S, Cuzange E, Bougeant JC, de 
Revel G, Sicard G. Explicit sensory training 
improves the olfactory sensitivity of wine 
experts. Chemosens Percept 2012; 5(2): 
205-13.

26.	 Gossrau G, Zaranek L, Klimova A, et al. 
Olfactory training reduces pain sensitivity 
in children and adolescents with primary 
headaches. Front Pain Res (Lausanne) 2023; 
4: 1091984.

27.	 Schriever VA, Lehmann S, Prange J, Hummel 
T. Preventing olfactory deterioration: olfac-
tory training may be of help in older peo-
ple. J Am Geriatr Soc 2014; 62(2): 384-6.

28.	 Birte-Antina W, Ilona C, Antje H, Thomas H. 
Olfactory training with older people. Int J 
Geriatr Psychiatry 2018; 33(1): 212-20.

29.	 Turner JH. Olfactory training: what is the 
evidence? Int Forum Allergy Rhinol 2020; 
10(11): 1199-200.

30.	 Damm M, Pikart LK, Reimann H, et al. 
Olfactory training is helpful in postinfec-
tious olfactory loss: a randomized, con-
trolled, multicenter study. Laryngoscope 
2014; 124(4): 826-31.

31.	 Altundag A, Cayonu M, Kayabasoglu G, et al. 
Modified olfactory training in patients with 
postinfectious olfactory loss. Laryngoscope 
2015; 125(8): 1763-6.

32.	 K o n s t a n t i n i d i s  I ,  Ts a k i ro p o u l o u  E , 
Constantinidis J. Long term effects of olfac-
tory training in patients with post-infectious 
olfactory loss. Rhinology 2016; 54(2): 170-5.

33.	 Olofsson JK, Ekström I, Lindström J, et al. 
Smell-based memory training: evidence of 

olfactory learning and transfer to the visual 
domain. Chem Senses 2020; 45(7): 593-600.

34.	 Hummel T, Rissom K, Reden J, Hähner A, 
Weidenbecher M, Hüttenbrink KB. Effects of 
olfactory training in patients with olfactory 
loss. Laryngoscope 2009; 119(3): 496-9.

35.	 Krokstad S, Langhammer A, Hveem K, et al. 
Cohort profile: the HUNT study, Norway. Int 
J Epidemiol 2013; 42(4): 968-77.

36.	 Landis BN, Hummel T, Hugentobler M, Giger 
R, Lacroix JS. Ratings of overall olfactory 
function. Chem Senses 2003; 28(8): 691-4.

37.	 Heinzerling L, Mari A, Bergmann KC, et al. 
The skin prick test - European standards. 
Clin Transl Allergy 2013; 3(1): 3.

38.	 Psaltis AJ, Li G, Vaezeafshar R, Cho KS, 
Hwang PH. Modification of the Lund-
Kennedy endoscopic scoring system 
improves its reliability and correlation 
with patient-reported outcome measures. 
Laryngoscope 2014; 124(10): 2216-23.

39.	 Hummel T, Sekinger B, Wolf SR, Pauli E, 
Kobal G. 'Sniffin' sticks': olfactory perfor-
mance assessed by the combined testing 
of odor identification, odor discrimination 
and olfactory threshold. Chem Senses 1997; 
22(1): 39-52.

40.	 Gudziol V, Lötsch J, Hähner A, Zahnert T, 
Hummel T. Clinical significance of results 
from olfactory testing. Laryngoscope 2006; 
116(10): 1858-63.

41.	 Liu DT, Pellegrino R, Sabha M, et al. Factors 
associated with relevant olfactory recov-
ery after olfactory training: a retrospective 
study including 601 participants. Rhinology 
2021; 59(1): 91-7.

42.	 Pate l  ZM,  Wise  SK ,  DelGaudio JM. 
Randomized controlled trial demonstrat-
ing cost-effective method of olfactory 
training in clinical practice: essential oils at 
uncontrolled concentration. Laryngoscope 
Investig Otolaryngol 2017; 2(2): 53-6.

43.	 Stuck BA, Hummel T. Olfaction in allergic 
rhinitis: a systematic review. J Allergy Clin 
Immunol 2015; 136(6): 1460-70.

44.	 Stogbauer J, Wirkner K, Engel C, et al. 
Prevalence and risk factors of smell dysfunc-
tion - a comparison between five German 
population-based studies. Rhinology 2020; 
58(2): 184-91.

45.	 Mahmut MK, Musch M, Han P, Abolmaali N, 
Hummel T. The effect of olfactory training 
on olfactory bulb volumes in patients with 
idiopathic olfactory loss. Rhinology 2020; 
58(4): 410-2.

46.	 Gellrich J, Han P, Manesse C, et al. Brain vol-
ume changes in hyposmic patients before 
and after olfactory training. Laryngoscope 
2018; 128(7): 1531-6.

47.	 Oleszkiewicz A, Abriat A, Doelz G, Azema 
E, Hummel T. Beyond olfaction: benefi-
cial effects of olfactory training extend 
to aging-related cognitive decline. Behav 
Neurosci 2021; 135(6): 732-40.

48.	 Marin C, Vilas D, Langdon C, et al. Olfactory 
dysfunction in neurodegenerative diseases. 
Curr Allergy Asthma Rep 2018; 18(8): 42.

49.	 Pabel LD, Murr J, Weidner K, Hummel T, 



54

Heian et al.

Croy I. Null effect of olfactory training with 
patients suffering from depressive disor-
ders-an exploratory randomized controlled 
clinical trial. Front Psychiatry 2020; 11: 593.

50.	 Fitzek M, Patel PK, Solomon PD, et al. 
Integrated age-related immunohistological 
changes occur in human olfactory epithe-
lium and olfactory bulb. J Comp Neurol 
2022; 530(12): 2154-75.

Ingrid Torvik Heian, MD

Department of Otolaryngology

Head and Neck Surgery

Molde Sjukehus

Helse Møre og Romsdal

6412 Molde 

Norway

and 

Institute of Neuromedicine and Move-

ment Science (INB)

Norwegian University of Science and 

Technology (NTNU)

Trondheim

Norway     

                                                                                                                                                 

Tel: +47 41 57 64 02

E-mail: Ingrid.t.heian@ntnu.no

This manuscript contains online supplementary material



55

Olfactory training in individuals with normosmia 

SUPPLEMENTARY MATERIAL

Supplementary Table 1. Estimated changes in olfactory function by intervention groups and controls.

Olfactory function Between-Group differences in changes Mean (95% CI) p-value

TDI1/extended-standard -0.02 (-0.86, 0.82) 0.97

T1 0.35 (-0.16, 0.87) 0.18

D1 -0.30 (-0.79, 0.19) 0.24

I1 -0.06 (-0.47, 0.36) 0.78

TDI1/extended-control 0.33 (-0.99, 1.65) 0.63

T1 0.11 (-0.70, 0.93) 0.78

D1 0.19 (-0.58, 0.96) 0.63

I1 0.06 (-0.59, 0.71) 0.86

TDI1/standard-control 0.35 (-0.96, 1.65) 0.60

T1 -0.24 (-1.05, 0.57) 0.56

D1 0.49 (-0.27, 1.25) 0.21

I1 0.12 (-0.53, 0.76) 0.72

TDI2/extended-standard 0.76 (-0.09, 1.61) 0.08

T2 0.19 (-0.33, 0.71) 0.48

D2 0.45 (-0.05, 0.94) 0.08

I2 0.15 (-0.27, 0.57) 0.49

TDI2/extended-control 0.14 (-0.18, 1.47) 0.84

T2 -0.33 (-1.15, 0.49) 0.43

D2 0.71 (-0.06, 1.48) 0.07

I2 -0.20 (-0.85, 0.45) 0.55

TDI2/standard-control -0.62 (-1.93, 0.69) 0.36

T2 -0.52 (-1.33, 0.29) 0.21

D2 0.26 (-0.50, 1.03) 0.49

I2 -0.35 (-1.00, 0.30) 0.29

Estimates are derived from a linear mixed model estimating differences in olfactory function after intervention (1) and at follow-up (2) between each 

study group. TDI: sum of the T, D and I scores; T: threshold; D: discrimination; I: identification; CI: confidence interval.


