
SYSTEMATIC REVIEW

Effects of olfactory training: a meta-analysis*

Abstract 
The neural plasticity of the olfactory system o ers possibilities of treatment in terms of stimulation of the sense of smell, and dif- 
ferent studies have suggested e ectiveness of smell training, i.e., daily exposition to certain odors. To obtain reliable and precise 
estimates of overall treatment bene t on the olfactory function, we meta-analyzed the e ects of smell training reported in 13 pre- 
vious studies. We analyzed the smell training e ectiveness across three di erent olfactory abilities – smell identi cation, discrimi- 
nation and threshold for odor detection. We found a signi cant, positive e ect of olfactory training for all olfactory abilities, with 
large e ects of training on identi cation, discrimination and TDI-score and small-to-moderate e ect in the case of threshold for odor 
detection. Interestingly, the pattern of results di ered across Sni n’ Sticks subtests depending on the origin of participants’ smell 
disorder, and the smell training duration in uenced its e ectiveness in the case of identi cation and the TDI score. Although the 
exact mechanism of olfactory recovery following the smell training still requires further investigation, our meta-analysis sho- wed 
that such training should be considered an addition or alternative to existing smell treatment methods.
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Introduction
Currently there is no generally approved way to treat olfactory 
impairment resulting from causes other than sinunasal diseases. 
However, the neural plasticity of the olfactory system offers 
possibilities of treatment in terms of stimulation of the sense of 
smell. Regenerative capacities of the olfactory pathway include 
mechanisms ranging from changes in membrane excitability 
to changes in synaptic efficacy to neurogenesis and apoptosis 
(1). As odors can influence this regenerative capacity (2-4), “smell 
training” has been a basis of research conducted in various smell 
and taste clinics. The method is very simple – people are asked 
to sniff four different odors, usually one odor of the categories: 
flowery, fruity, spicy and resinous. Such training is performed 
twice a day for a certain time period (usually between 4 to 6 
months). The “olfactory training” may result in the improvement 
of verbal functions or the increased expression of olfactory 
receptor neurons / an increased growth of olfactory receptor 
neurons (3, 4).
Different studies have suggested that the smell training is pro-
mising (5-21). Olfactory improvement through olfactory training 

was investigated in patients with smell dysfunction (5-13, 19), as 
well as in older (17, 20), and younger healthy people (14, 21). However, 
given that not under all circumstances the training proved to 
lead to significant smell improvement (e.g. in older subjects) 
(17), we decided to examine the previous findings in a meta-
analysis. As we aimed to obtain reliable and precise estimates of 
overall treatment benefit on the olfactory function, we explored 
the effects of smell training on different olfactory modalities 
measured by the Sniffin’ Sticks Test (22, 23), i.e., threshold for odor 
detection, discrimination, identification, and the scores of the 
full test (threshold-discrimination-identification; TDI score).

Materials and methods
Search strategies
We conducted an extensive literature search to identify empiri-
cal studies that involved an evaluation of aspects of smell trai-
ning. First, we reviewed articles and research papers in English 
and German. We searched EBSCO, PsycExtra, Academic Search 
Complete, PsycInfo, PsycArticles, and ERIC databases and used 
the resources of JSTOR, Science Direct, SAGE Journals, Taylor & 
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Francis, and ProQuest using the following keywords: smell trai-
ning and olfactory training. In the next step, we analyzed book 
publications using three electronic libraries: Wiley Online Library 
and Questia, as well as Google Books.

Inclusion criteria
Our initial search yielded a total of twenty potential reports. As 
we wanted to analyze the effect of smell training on different 
olfactory abilities, we only considered studies investigating the 
effects of olfactory training that involved Sniffin’ Sticks Test (22, 24). 
A total of seven studies did not meet this first selection criterion 
and were eliminated from the analysis (Table 1), and thus a total 
of 13 reports were included in the analysis. 

We analyzed scores in each Sniffin’ Sticks subtest separately. The 
number of available studies (and consequently, participants) 
differed across subtests (Table 2 and Table 3). There were 13 
studies on a total sample of n = 1005 participants in the case of 
identification, 10 studies (n = 788) in the case of discrimination, 
12 studies (n = 951) in the case of threshold and 11 studies (n 
= 879) in the case of the full TDI score. Participants had a mean 
age of M = 54.0 years (SD = 16.0). The studies were conducted 
between 2009 and 2016, in various countries. Table 2 provides a 
detailed overview of the studies included in the meta-analysis.

Coding procedures
The first two authors independently coded each article for 
relevant information, including: sample size, sample selection, 
main statistics necessary to the computation of effect size, and 
information necessary for the moderator analyses (i.e., duration 
of the training, participants’ age, participants’ characteristics: 

Parkinson disease, patients versus non-patients, patients with 
postinfectious olfactory loss, patients with postinfectious and 
posttraumatic olfactory loss and older healthy people). Next, we 
reviewed the coded data and articles, discussed and resolved 
any discrepancies to help eliminate errors in coding. 

Moderators 
For each study included in our meta-analysis, we coded for the 
key moderators of interest. Specifically we included the duration 
of the training (continuous variable) as well as four dichoto-
mous moderators, based on characteristics of smell training 
participants: 1) participants with Parkinson disease (k = 2) versus 
participants without Parkinson disease; 2) participants with 
olfactory diseases (all types) (k = 8) versus participants without 
olfactory diseases; 3) patients with postinfectious olfactory loss 
(k = 5) versus other participants; 4) patients with postinfectious 
and posttraumatic olfactory loss (k = 6) versus other partici-
pants; and finally 5) older (healthy) people (k = 2) versus other 
participants. 

Statistical methods
We computed individual effect size for each study using the 
values of means and pooled standard deviations and standardi-
zed them to obtain Hedges g (25, 26). In the case of multiple effects 
within a study, effects were averaged. To analyze the main 
effects, we used random effects meta-analysis using the metafor 
package in R (27) and macros for SPSS (28). We used Cohen’s (25) 
guidelines to interpret the effect size obtained, hence g = 0.20 is 
interpreted as small effect, g = 0.50 as moderate effect and g = 
0.80 as a large effect. 

Authors Title Main finding

Livermore & Hummel, 2004 (34) The influence of training on chemosensory event-rela-
ted potentials and interactions between the olfactory 
and trigeminal systems

Strong and specific training effects in intensity ratings 
for participants trained with the test odor, but not for 
those trained with a different odor

Mariño-Sánchez et al., 2010 (35) Smell training increases cognitive smell skills of wine 
tasters compared to the general healthy population. 
The WINECAT Study

Wine tasters performed significantly better on identi-
fication and forced choice than healthy controls.

Tempere et al., 2012 (36) Explicit sensory training improves the olfactory sensi-
tivity of wine experts

Learning was not generalized but was odorant 
specific

Borromeo et al., 2013 (37) Objective assessment of a new olfactory rehabilitation 
approach in adults with olfactory impairments using 
functional magnetic resonance (fMRI)

Increased activation in orbitofrontal and insular cortex

Delon-Martin et al., 2013 Perfumers' expertise induces structural reorganization 
in olfactory brain regions

Increase in gray-matter volume in the bilateral gyrus 
rectus/medial orbital gyrus 

Negoias et al., 2013 (38) Localization of odors can be learned Subjects performing lateralization training improve  in 
their ability to lateralize olfactory stimuli

Royet et al., 2013 (39) The impact of expertise in olfaction Review describes changes on behavioral, functional, 
and structural levels in relation to odor expertise

Table 1. Studies excluded from the current meta-analysis.
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Table 2. An overview of the studies included in the meta-analysis.

Study Authors Subject Total 
N d var d var d var d var

Dura-
tion 

(days)

Mean 
age 
Exp 

group

% fe-
males 

exp 
group

Par-
kin-
son

Pa-
tients 

- all 
types

Pa-
tients - 
postin-
fectious 

olfac-
tory 
loss

Pa-
tients - 
postin-
fectious 

and 
post-
trau-
matic

Elderly 
people 

(healthy)

1 Haehner et al., 
2013

Olfactory training in patients with 
Parkinson's disease 70 0.65 0.06 0.42 0.06 1.08 0.07 0.14 0.06 84 63.1 49 Yes No No No No

2 Damm et al., 
2013

Olfactory training is helpful in 
postinfectious olfactory loss: a 
randomized, controlled, multicen-
ter study

126 0.60 0.03 0.48 0.03 0.62 0.03 0.32 0.03 259 56.55 63.5 No Yes Yes Yes No

3 Altundag et al., 
2015

Modified olfactory training in 
patients with postinfectious 
olfactory loss

100 1.95 0.06 2.73 0.08 1.75 0.06 0.21 0.04 252 45.5 47.5 No Yes Yes Yes No

4 Geißler et al., 
2013

Olfactory training for patients 
with olfactory loss after upper 
respiratory tract infections

39 0.62 0.11 0.33 0.10 0.67 0.11 0.40 0.10 224 56 74 No Yes Yes Yes No

5 Konstantinidis 
et al., 2013

Use of olfactory training in post-
traumatic and postinfectious 
olfactory dysfunction

119 2.48 0.06 2.07 0.05 1.83 0.05 -0.07 0.03 112 46.85 54.5 No Yes both Yes No

6 Hummel et al., 
2009

Effects of olfactory training in 
patients with olfactory loss 56 0.08 0.07 0.41 0.07 -0.10 0.07 -0.20 0.07 84 56 65 No Yes No No No

7 Mori et al., 
2015

Exposure to odours improves 
olfactory function in healthy 
children

72 -0.04 0.06 1.35 0.07 84 11.5 73 No No No No No

8 Kollndorfer et 
al., 2014

Recovery of olfactory function 
induces neuroplasticity effects in 
patients with smell loss

7 0.67 0.60 0.07 0.57 0.09 0.57 1.30 0.69 84 41.6 57 No Yes Yes Yes No

9 Schriever et al., 
2014

Preventing olfactory deteriora-
tion: olfactory training may be of 
help in older people

91 0.30 0.04 0.23 0.04 0.40 0.04 84 80.1 63 No No No No Yes

10 Fleiner et al., 
201

Active olfactory training for the 
treatment of smelling disorders 28 0.23 0.14 0.57 0.15 0.00 0.14 -0.08 0.14 224 58 64 No Yes No No No

11 Wegener Riechtraining mit älteren Men-
schen 91 0.95 0.05 0.13 0.04 1.10 0.05 0.78 0.05 140 60.7 75 No No No No Yes

12 Knudsen et al., 
2015

Olfactory function in Parkinson's 
Disease - effects of training 54 0.35 0.08 64.2 42 Yes No No No No

13 Konstantinidis 
et al., 2016

Long term effects of olfactory 
training in patients with post-
infectious olfactory loss

152 3.35 0.06 2.82 0.05 1.22 0.03 0.23 0.03 392 61.85 61.5 No Yes Yes Yes No
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Results 
We present the results of the meta-analysis in three steps. First, 
we show a general estimation of the effect size obtained in the 
random effect meta-analysis for each of analyzed aspects, i.e., 
identification, discrimination, threshold, and TDI. Next, we exa-
mine whether our estimates are robust in terms of publication 
bias. Finally, we focus on the role of moderators. 

Overall effect
Table 3 presents the overall effect of the smell training effecti-
veness. The obtained mean effect size was consistent with our 
expectations. More specifically, there was a strong, positive and 

statistically significant relationship in the case of three out of 
four analyzed criteria: identification (g = 0.83), discrimination (g 
= 0.89) and TDI-score (g = 1.10) and small-to-moderate effect in 
the case of threshold (g = 0.34). All effects apart from TDI were 
also heterogeneous (as illustrated by statistically significant 
values of Q statistics), which supported our decision to include 
moderators, potentially responsible for this heterogeneity. Prior 
to examining the influence of moderators, however, we tested 
to what extent the obtained effects could be influenced by 
publication bias.

k N g 95% CI p Q

Identification 13 1005 0.833 0.264, 1.402 .004 200.66***

Discrimination 10 788 0.890 0.498, 1.298 <.001 57.06***

Threshold 12 951 0.336 0.103, 0.569 .005 32.37***

TDI 11 879 1.10 0.459, 1.734 <.001 172.73

Table 3. Overall effect size obtained using random effects meta-analysis.

k = total number of studies; N = number of participants, g = Hedges’ g; 95% CI = 95% confidence intervals; Q = heterogeneity statistics (the number of 

degrees of freedom is k-1). ***p < .001

k g 95% CI p Qwithin

Parkinson Disease

     No 11 0.92 0.34, 1.50 .002 12.75 (ns)

     Yes 2 0.39 -0.94, 1.71 .57 0.00 (ns)

Patients with olfactory diseases (all types)

     No 5 0.22 -0.50, 0.93 .55 0.20 (ns)

     Yes 8 1.26 0.68, 1.85 <.001 12.93 (ns)

Patients (Postinfectious olfactory loss)a

     No 7 0.29 -0.27, 0.85 .31 0.43 (ns)

     Yes 5 1.42 0.73, 2.11 <.001 11.86*

Patients (Postinfectious and posttraumatic olfactory loss)

     No 7 0.29 -0.27, 0.85 .31 0.43 (ns)

     Yes 6 1.54 0.93, 2.15 < .001 13.05*

Older people (healthy)

     No 11 0.96 0.40, 1.53 <.001 12.79 (ns)

     Yes 2 0.18 -1.09, 1.46 .78 0.00 (ns)

Table 4. Meta-analysis analog of ANOVA: summary of moderators (identification).

a = one study (19) covering both: patients with postinfectious and posttraumatic olfactory loss was excluded from this analysis. The number of degrees 

of freedom for Qwithin is the number of studies minus 1. ns = non-significant; *p < .05; **p < .01; ***p < .001.
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Table 5. Meta-analysis analog of ANOVA: summary of moderators (discrimination).

k g 95% CI p Qwithin

Parkinson Disease

     No 9 0.88 0.46, 1.30 <.001 9.95 (ns)

     Yes 1 1.08 -0.15, 2.31 .08 NA

Patients with olfactory diseases (all types)

     No 2 1.09 0.24, 1.95 .01 0.00 (ns)

     Yes 8 0.85 0.40, 1.29 <.001 9.88 (ns)

Patients (Postinfectious olfactory loss) 
a

     No 4 0.56 0.05, 1.08 .03 4.66 (ns)

     Yes 5 1.00 0.52, 1.48 <.001 4.41 (ns)

Patients (postinfectious and posttraumatic) (Q = 2.68, ns)

     No 4 0.56 0.05, 1.08 .03 4.66 (ns)

     Yes 6 1.15 0.70, 1.61 < .001 6.04 (ns)

Older people (healthy) (Q = 0.12, ns)

     No 9 0.87 0.45, 1.30 <.001 9.45 (ns)

     Yes 1 1.11 -0.10, 2.30 .07 NA

a = one study (19) covering both: patients with postinfectious and posttraumatic olfactory loss was excluded from this analysis. The number of degrees 

of freedom for Qwithin is the number of studies minus 1. ns = non-significant; NA = non-applicable; *p < .05; **p < .01; ***p < .001

Table 6. Meta-analysis analog of ANOVA: summary of moderators (threshold).

k g 95% CI p Qwithin

Parkinson Disease

     No 11 0.36 0.12, 0.59 .004 12.71 (ns)

     Yes 1 0.14 -0.64, 0.91 .73 NA

Patients with olfactory diseases (all types)

     No 4 0.64 0.35, 0.93 <0.01 8.69*

     Yes 8 0.15 -0.06, 0.37 .17 5.05 (ns)

Patients (Postinfectious olfactory loss) 
a

     No 6 0.43 0.12, 0.75 .007 10.72 (ns)

     Yes 5 0.32 -0.03, 0.67 .07 1.44 (ns)

Patients (postinfectious and posttraumatic olfactory loss)

     No 6 0.43 0.12, 0.75 .007 10.72 (ns)

     Yes 6 0.24 -0.07, 0.54  .13 2.49 (ns)

Older people (healthy) 

     No 10 0.27 0.03, 0.51 .03 12.64 (ns)

     Yes 2 0.59 0.10, 1.08 .02 0.56 (ns)

a = one study (19) covering both: patients with postinfectious and posttraumatic olfactory loss was excluded from this analysis. The number of degrees 

of freedom for Qwithin is the number of studies minus 1. ns = non-significant; NA = non-applicable; *p < .05; **p < .01; ***p < .001.
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Publication bias
To examine whether the obtained eff ect sizes were infl uenced 
by publication bias we used a funnel plot (29, 30) rank correlation 
method to estimate possible bias. 
A visual inspection of the funnel plot (Figure 1, panels A-D) does 
not suggest asymmetry (i.e., correlations on one side of the 
funnel do not seem to be regularly suppressed by the eff ects on 
the other side). This pattern suggests a lack of publication bias 
(although such an interpretation is based more on a qualitative 
judgment, than strict statistical rules). In line with this pattern, 
Begg and Mazumdar rank correlation did not indicate a bias in 
case of identifi cation (Kendall's τ = .39, p = .08), discrimination 
(Kendall's τ = -.16, p = .60), threshold (Kendall's τ = .15, p = .55), 
nor TDI (Kendall's τ = .35, p = .17). These fi ndings legitimize the 
conclusion that publication bias did not substantively infl uence 
our estimations.

Moderator analysis
In an eff ort to provide a summary of estimated eff ects of the 
moderators, we conducted a meta-analysis analog of ANOVA 
using the estimations obtained at the study level. As the trai-
ning duration formed a continuous variable (transformed into 
number of days) we supplemented our analyses with meta-re-
gression. For clarity purposes, we present results of the analyses 
separately for each of the criteria.

Identifi cation
Characteristics of the participants as well as the training 
duration clearly moderated the eff ect observed for identifi ca-
tion. As presented in Table 4, the eff ects obtained in studies on 
participants with Parkinson disease did not diff er signifi cantly 
from other studies (Q = 0.52; df = 1; p = .47): but while the eff ect 
observed in studies among Parkinson disease participants was 

not signifi cant (g = 0.39, 95% CI: -0.94-1.71, p = .57), the eff ect 
observed in the remaining studies was not only strong and 
statistically signifi cant (g = 0.92, 95% CI: 0.34-1.50; p = .002), but 
also homogeneous (Q = 12.75; df = 10, p = .24). Apart from these 
diff erences, 95% CI intervals of both eff ects overlapped to a 
large extent, therefore they did not diff er from one another.

The training eff ects on identifi cation were signifi cantly modera-
ted by participants’ olfactory disease versus no-olfactory disease 
status. When we aggregated patients with olfactory diseases of 
all types into one group (k = 8), we observed statistically signifi -
cant diff erences between obtained eff ects (Q = 4.93, df = 1, p = 
.03). Eff ect estimated among people with no olfactory disease 
was weak and non-signifi cant (g = 0.22, 95% CI: -0.50-0.93, p = 
.55), while the eff ect observed among patients with olfactory 
diseases was very strong and homogeneous (g = 1.26, 95% CI: 
0.68-1.85; p < .001; Q = 12.93; df = 7, p = .07).
Similar pattern was observed when we created a more specifi c 
group of studies on patients with postinfectious olfactory loss (k 
= 5). Eff ect observed in these studies was very strong (g = 1.42; 
95% CI: 0.73-2.11, p < .001) and signifi cantly stronger (Q = 6.21; 
df = 1; p = .01) than in the remaining studies (g = 0.29, 95% CI: 
-0.27-0.85; p = .31). Eff ect observed among these patients was 
heterogeneous (Q = 11.86; df = 4; p = .02), which warrants future 
studies on possible moderators. When we analyzed the training 
eff ects among patients with postinfectious and posttraumatic 
olfactory loss, we observed a very strong positive eff ect (g = 
1.54; 95% CI: 0.93-2.15; p < .001), that was also signifi cantly hete-
rogeneous (Q = 13.05; df = 4; p = .02) and stronger (Q = 9.01; df 
= 1; p = .003) than eff ect observed in the remaining studies (g = 
0.29, 95% CI: -0.27-0.85; p = .31).
Although studies on healthy older people did not bring signi-
fi cantly diff erent results than the remaining studies (Q = 1.21; 

Figure 1. A funnel plot assessing the possible publication bias. Figure 2. The relationship between training duration and the effect size 

observed in the case of identification.
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df = 1; p = .27), it is worth to mention, that only in studies that 
did not include healthy older people a significant effect was 
observed (g = 0.96; 95% CI: 0.40-1.53; p < .001), while no such 
effect was observed among older people (g = 0.18; 95% CI: 
-1.09-1.46; p = .78).

Meta-regression with effect size regressed on a training duration 
demonstrated significant and strong effect of duration: β = .63, 
p = .006, R2 = .40. As illustrated by Figure 2, longer training was 
clearly more effective. 

Discrimination
None of the analyzed factors did moderate effects obtained in 
the case of discrimination (Table 5). The improvement of discri-
mination was statistically significant in studies among partici-
pants without Parkinson’s disease (g = 0.88; 95% CI: 0.46-1.30; 
p < .001), but also marginally significant in one study among 
participants with Parkinson’s disease (g = 1.08; 95% CI: -0.15-
2.31; p = .08). These two effects did not differ one from another, 
Q = 0.10; df = 1; p = .75).
Similarly, smell training was equally effective (Q = 0.25; df = 1; p 
= .62) among patients with olfactory disorders (g = 0.85; 95% CI: 
0.40-1.29; p < .001) and among people without olfactory disor-
ders (g = 1.09; 95% CI: 0.24-1.95; p = .01). A more detailed focus 

on different categories of patients did not change this overall 
pattern: when we compared effects obtained in studies on pa-
tients with postinfectious olfactory loss with remaining studies, 
no differences were observed (Q = 1.47; df = 1; p = .23). Training 
among patients was highly effective (g = 1.00; 95% CI: 0.52-1.48; 
p < .001), but the effect observed in the remaining studies was 
significant as well (g = 0.56; 95% CI: 0.05-1.18; p = .03). Training 
among postinfectious and posttraumatic patients was similarly 
effective as other interventions (Q = 2.68; df = 1; p = .10), with 
strong and significant effects observed among patients (g = 
1.15; 95% CI: 0.70-1.61; p < .001), and significant effects in the 
remaining studies (g = 0.56; 95% CI: 0.05-1.18; p = .03). 
An individual study among older, healthy people yielded a 
strong, but non-significant training effect (g = 1.11; 95% CI: 
-0.10-2.30; p = .07), while other studies were characterized by 
similar effects (Q = 0.12; df = 1; p = .73) (g = 0.87; 95% CI: 0.45-
1.30; p < .001). In the case of discrimination, training duration 
was not related to its effectiveness, β = .18, p = .56.

Threshold
Moderator analysis in the case of threshold revealed a significant 
difference in the effects obtained in studies with and without 
patients with olfactory diseases (Q = 7.10; df = 1; p = .01) (Table 
6). The smell training effectiveness in the case of threshold was 

Table 7. Meta-analysis analog of ANOVA: summary of  moderators (TDI).

k g 95% CI p Qwithin

Parkinson Disease

     No 10 1.15 0.51, 1.78 <.001 10.70 (ns)

     Yes 1 0.65 -1.31, 2.61 .52 NA

Patients with olfactory diseases (all types)

     No 3 0.63 -0.45, 1.72 .25 0.23 (ns)

     Yes 8 1.29 0.60, 1.98 .0002 10.54 (ns)

Patients (Postinfectious olfactory loss)a

     No 5 0.45 -0.25, 1.15 .21 0.80 (ns)

     Yes 5 1.52 0.79, 2.25 <.001 8.95 (ns)

Patients (postinfectious and posttraumatic olfactory loss)

     No 5 0.45 -0.25, 1.15 .21 0.80 (ns)

     Yes 6 1.69 1.03, 2.36  <.001 10.09 (ns)

Older people (healthy) (Q = 1.26, ns)

     No 9 1.21 0.55, 1.87 <.001 10.51 (ns)

     Yes 2 0.63 -0.73, 1.98 .36 0.22 (ns)

a = one study (19) covering both: patients with postinfectious and posttraumatic olfactory loss was excluded from this analysis. The number of degrees 

of freedom for Qwithin is the number of studies minus 1. ns = non-significant; *p < .05; **p < .01; ***p < .001
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higher in studies among people without olfactory diseases (g 
= 0.64; 95% CI: 0.35-0.93; p < .001; but this eff ect was also more 
heterogeneous: Q = 8.69; df = 3; p = .02) than among patients 
with olfactory diseases (g = 0.15; 95% CI: -0.06-0.37; p = .17).
The eff ect obtained in studies among participants without Par-
kinson’s disease (k = 11) was small-to-moderate, and statistically 
signifi cant (g = 0.36; 95% CI: 0.12-0.59; p = .004), while in a study 
among participants with Parkinson’s disease it was weak and 
95% confi dence intervals included 0 (g = 0.14; 95% CI: -0.64-
0.91; p = .73). These two eff ects, however, did not diff er signifi -
cantly from one another (Q = 0.28; df = 1; p = .60).
Eff ects obtained among patients with postinfectious olfactory 
loss (g = 0.32; 95% CI: -0.03-0.67; p = .07) did not diff er signi-
fi cantly (Q = 0.22; df = 1; p = .64) from eff ects obtained in the 
remaining studies (g = 0.43; 95% CI: 0.12-0.75; p = .007). Simi-
larly, we did not observe any statistically signifi cant diff erences 
(Q = 0.79; df = 1; p = .37) between eff ects obtained in studies 
among patients with postinfectious and posttraumatic olfactory 
loss (g = 0.24; 95% CI: -0.07-0.54; p = .13) and the remaining 
studies (g = 0.43; 95% CI: 0.12-0.75; p = .007). Eff ects estimated 
in studies among older, healthy participants (g = 0.59; 95% CI: 
0.10-1.08; p = .02) did not diff er from other studies (Q = 1.26; df 
= 1; p = .26) (g = 0.27; 95% CI: 0.03-0.51; p = .03). Training dura-
tion was not related to its eff ectiveness in terms of threshold for 
odor detection, β = -.18, p = .52.

TDI score
An analysis of the potential impact of examined moderators on 
smell training eff ectiveness in the case of the total Sniffi  n’ Sticks 
score (TDI) revealed two statistically signifi cant eff ects (Table 7). 
We observed that studies among patients with postinfectious 
olfactory loss yielded signifi cantly stronger eff ects than the 
remaining studies (Q = 4.34; df = 1; p = .04), with a strong and 

signifi cant eff ect observed among patients (g = 1.52; 95% CI: 
0.79-2.25; p < .001) and lack of signifi cant eff ects in the remai-
ning studies (g = 0.45; 95% CI: -0.25-1.15; p = .21). The same pat-
tern was observed when we collapsed patients with postinfec-
tious and posttraumatic olfactory loss. There was a strong and 
signifi cant eff ect among patients (g = 1.52; 95% CI: 0.79-2.25; p 
< .001), while the eff ect in the remaining studies was non-signi-
fi cant (g = 0.45; 95% CI: -0.25-1.15; p = .21). These eff ects diff ered 
from one another (Q = 6.42; df = 1; p = .01). 
 
On the other hand, when we analyzed studies with all patients 
with olfactory diseases, the eff ect was also strong and signi-
fi cant (g = 1.29; 95% CI: 0.60-1.98; p < .001), but did not diff er 
from the eff ect obtained in studies conducted among people 
without olfactory diseases (Q = 1; df = 1; p = .32) (g = 0.63; 95% 
CI: -0.45-1.72; p = .25). Further, the eff ect obtained in studies 
among older, healthy participants (g = 0.63; 95% CI: -0.73-1.98; 
p = .36) did not diff er signifi cantly (Q = 1.26; df = 1; p = .26) from 
the eff ect found in the remaining studies (g = 1.21; 95% CI: 0.55-
1.87; p < .001). Similar as in the case of identifi cation, training 
duration was signifi cantly related to its eff ectiveness, β = .57, p = 
.02, R2 = .33 (Figure 3).
 
Discussion
In the presented meta-analysis, we analyzed the previous smell 
training studies to provide a quantitative estimate of the ef-
fectiveness of olfactory training across three diff erent olfactory 
abilities – smell identifi cation, discrimination and threshold 
for odor detection. Our analyses demonstrate a positive and 
statistically signifi cant eff ect of olfactory training in the case of 
all olfactory abilities, with large eff ects of training on identifi -
cation, discrimination and TDI-score (g between 0.83 and 1.10) 
and small-to-moderate eff ect in the case of threshold for odor 
detection (g = 0.34). This overall eff ectiveness of the olfactory 
training encouraging, given the importance of olfaction and 
inconsistent results regarding other forms of olfactory dysfunc-
tion treatment. We also aimed to investigate the relationship 
between the observed olfactory training outcomes, participants’ 
characteristics, and training duration. Interestingly, the pattern 
of results diff ered across Sniffi  n’ Sticks subtests depending on 
the origin of participants’ smell disorder, and the smell training 
duration infl uenced its eff ectiveness in the case of identifi cation 
and the TDI score.
 
The observed diff erence between eff ectiveness of olfactory 
training for threshold and other evaluated criteria is noteworthy. 
One source of this diff erence might be that identifi cation 
and discrimination are dependent on individuals` cognitive 
abilities (31, 32), contrary to threshold, which more related to 
peripheral olfactory system. This seems to be confi rmed by 
the moderator analysis, which revealed a signifi cant diff erence 

Figure 3. The relationship between training duration and the effect size 

observed in the case of TDI.
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