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Olfactory disorders one of the most frequent distinctive symptoms of COVID-19 infection. COVID-19-induced olfactory disorder can
be classified as post-infectious olfactory dysfunction (PIOD). The effect of drugs on olfactory disorder following upper respiratory in-
fection, including PIOD, has not been clearly established, which adds to the difficulty with treating the disorder. However, the effect of
olfactory training on PIOD has been confirmed by numerous studies. As such, olfactory training is gaining attention, and has taken on
greater importance, as the sole treatment for COVID-19-induced olfactory disorder in this pandemic age. This review describes the ef-

fect of olfactory training for COVID-19-induced olfactory disorder by analyzing the relevant literature.
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INTRODUCTION

Olfactory disorder is a commonly found upper respiratory
condition; its prevalence stands at around 5% for the general
population, and up to 24.5% in the population aged 50 years
and over [1]. Olfactory disorder increases the risk of accidents
as the patient cannot smell gas or food. It may also adversely
affect the patient’s dietary and psychological life [2,3]. Despite
these adverse effects on the patient’s quality of life, due to the
lack of awareness on its seriousness, olfactory disorder is of-
ten ignored and left undiagnosed. The cause of olfactory dis-
order varies, from upper respiratory infection, paranasal si-
nus diseases, trauma, and congenital anomaly, each requiring

Received: April 8,2022 Revised: May 31, 2022

Accepted: June 27, 2022

Address for correspondence: Jin Kook Kim, MD, PhD, Department of Oto-
rhinolaryngology-Head and Neck Surgery, Konkuk University Medical Cen-
ter, Konkuk University School of Medicine, 120-1 Neungdong-ro, Gwangjin-gu,
Seoul 05030, Republic of Korea

Tel: +82-2-2030-7662, Fax: +82-2-2030-5299, E-mail: entalk@kuh.ac.kr
Address for correspondence: Byung Guk Kim, MD, PhD, Department of
Otorhinolaryngology-Head and Neck Surgery, Eunpyeong St. Mary’s Hos-
pital, 1021 Tongil-ro, Eunpyeong-gu, Seoul 03312, Republic of Korea

Tel: +82-2-2030-4558, Fax: +82-2-2030-2833, E-mail: entkbg@gmail.com
*These authors contributed equally to this work.

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

different prognosis and treatment [4].

Coronavirus disease (COVID-19) is an acute respiratory dis-
ease caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). The disease rapidly spread across
the world after the first confirmed case was reported in De-
cember 2019, and the World Health Organization declared a
global pandemic in March 2020. The most common early
symptoms of COVID-19 include fever, cough, throat pain,
breathing difficulty, and headache [5]. However, some COV-
ID-19 patients only experienced olfactory disorder, and up
to 47.85% of COVID-19 patients were found to have olfacto-
ry disorder [6]. In response, the American Academy of Oto-
laryngology and Head and Neck Surgery proposed adding
olfactory disorder to the list of distinguishing symptoms of
COVID-19 [7]. In fact, a study found that people who con-
firmed positive in the reverse-transcription polymerase chain
reaction test were 6.74 times more likely to experience olfac-
tory disorder than the control group [8], and the degree of re-
cent smell dysfunction in an individual with an upper respi-
ratory symptom was reported as the most reliable COVID-19
predictor [9].

Many researchers proposed theories about the mechanism
of olfactory disorder caused by COVID-19. However, none of
them have been clearly substantiated. A histopathologic ex-
amination of a COVID-19 patient’s olfactory epithelium indi-
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cated an increase in proinflammatory cytokine, leukocyte in-
filtration, atrophic nasal mucosa, and marked destruction of
olfactory epithelium [10-12]. It is unclear whether these symp-
toms were directly caused by the virus, or mediated by the
damage to non-neuronal cells. The uncertainty about the
cause of COVID-19-induced olfactory disorder makes the
disease difficult to treat. However, it can be said with certainty
that SARS-CoV-2 is one of the many viruses that may cause
inflammation in the nasal cavity, and COVID-19-induced ol-
factory disorder can be classified as post-infectious olfactory
dysfunction (PIOD) among many causes of olfactory disorder.

Olfactory training utilizes neuroplasticity to lower the ol-
factory threshold through repeated exposure to aromas. Hum-
mel et al. (2009) [13] proposed an olfactory training method
involving exposure to four aromas. Since then, many research-
ers confirmed the effectiveness of the method for patients and
health individuals alike. Olfactory training is one of the most
attractive treatment options for olfactory disorder, as it causes
little side effect and can be performed by patients themselves
at low costs. In addition, olfactory disorder serves as an evi-
dence-based treatment option for PIOD, for which treatment
has not been clearly identified [14,15]. It has taken on greater
influence during the COVID-19 pandemic.

This review explores the relevant literature to outline the
mechanism and effect of olfactory disorder, and describe the
role and effect of olfactory training for COVID-19-induced
olfactory disorder in this pandemic age.

MECHANISM OF OLFACTORY
TRAINING

Olfactory epithelium is plastic, which means the functions
of damaged olfactory epithelium can be restored through
neurogenesis. Before the 1980s, it was a widely held opinion
that adults do not produce new nerve cells. However, multi-
ple studies using adult rodents found nerve generation in the
olfactory bulb [16,17]. Some researchers reported functional
and structural changes in olfactory nerves caused by aromat-
ic stimulus. They found that simple exposure to aroma causes
changes in the activity of rodents’ olfactory mucosa, thereby
lowering the threshold for the aromas that stimulated it [18,19].
In addition, the number of aroma-specific sensory nerve cells
increased in olfactory-trained mice, as well as the size of the
glomerulus in the olfactory bulb [20]. A 2004 study using hu-
man subjects reported that repeated exposure to androste-
none lowered the androstenone threshold in both those who
can detect odor and those who cannot [21]. The findings in-
dicate the plasticity of the olfactory system, and serve as the
evidentiary foundation of olfactory training currently per-
formed on people with olfactory disorders.

Some studies confirmed changes in the olfactory nerves,
while others used functional magnetic resonance imaging
(fMRI) to verify the involvement of brain regions in the olfac-
tory training mechanism. A study reported that continued
exposure to a specific odor increases the reaction of the piri-
form cortex and the orbitofrontal cortex [22]. Another study
compared the fMRI results of olfactory disorder patients be-
fore and after a twelve-week olfactory training program,
which showed the restoration of functional connection in the
non-olfactory areas of the brain, which were disorderly con-
nected before the training [23]. In a study where healthy indi-
viduals went through olfactory training for only one of their
nostrils, the participants showed significant volume increase
in both olfactory bulbs [24]. These findings led some research-
ers infer a top-down process from the brain to olfactory nerves.
These and other researchers reported that various stages of
the olfactory training system are involved in olfactory train-
ing, and it is difficult to explain the changes brought on by ol-
factory training with a single theory about its mechanism. A
large number of issues still remain to be explained through
lab studies.

CLINICAL EVIDENCE OF THE EFFECT
OF OLFACTORY TRAINING ON
POST-COVID-19 OLFACTORY
DISORDER

Many studies reported the positive effect of olfactory train-
ing on COVID-19-induced olfactory disorder. In order to
qualitatively and quantitatively analyze the degree of the ef-
fect and identify clinical evidence of the effect, this study
searched for academic articles on the effect of olfactory train-
ing for meta-analysis.

Search strategy

This study reviewed all English literature published at
PubMed, Scopus, Embase, Web of Science, Google Scholar,
and the Cochrane database in or before December 2021. The
search words used included COVID-19, SARS-CoV-2, anos-
mia, hyposmia, olfactory, smell, olfactory disorders, olfactory
dysfunctions, recovery, olfactory test, olfactory training, and
treatment. Two researchers independently reviewed the titles
and abstracts of all literature identified through the search,
and excluded those not related to olfactory training for CO-
VID-19 patients. For articles of which exclusion could not be
determined based on abstracts, the researchers checked to the
full text of the literature to decide whether to exclude them.
The researchers also excluded the studies on patients who had
had long-term olfactory disorder before COVID-19 or had
chronic olfactory disorder after COVID-19 (30 days or lon-
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ger), shortlisting three studies (Fig. 1).

Data extraction and risk of bias analysis

The researchers extracted the following information from
the selected literature and organized them in a standardized
format: number of patients, olfactory score, prevalence or
percentage of olfactory disorder after COVID-19 diagnosis,
and p-values representing inter-group differences before and
after olfactory training [25]. The change between olfactory
scores before and after olfactory disorder and the percentage
of olfactory disorder were selected as the assessment vari-

Identification of studies via databases and registers
Records identified from PubMed,
g ecords tdentified from u‘ ¢ Records removed before
2 || the Cochrane Central Register screening:
‘é of Controlled Trials, Embase, [ . &
= . - Duplicate records
8 Web of Science, Scopus, removed (n=479)
= || and Google Scholar (n=718)
Records excluded after
Records screened . .
% screening of title or
(n=239)
abstract (n=196)
. !
'g Reports sought for retrieval Reporst not retrieved
5 (n=43) (n=35)
w
Reports assessed for eligibility |5 Reports excluded:
(n=8) No quantifiable data or
no relevant data (n=5)
E \4
% Reports of included studies (n=3)
=

Fig. 1. Diagram of selection of studies.

Table 1. Summary of included studies and risk of bias assessment

ables [26-28]. The risk of bias analysis used Cochrane’s risk
of bias tool [29].

Statistical analysis

The effect sizes of the shortlisted studies were analyzed us-
ing the R software (R Foundation for Statistical Computing,
Vienna, Austria). The effect sizes of continuous olfactory score
variables such as self-reported olfactory scores, visual ana-
logue scale and sniff stick test scores were analyzed using
standard mean difference (SMD). Categorical variables were
analyzed using odds ratio (OR). In addition, a sensitivity test
was performed to analyze the effect of each study on the over-
all findings of the meta-analysis.

Findings

One-hundred nine patients from the three studies were in-
cluded in the analysis. The characteristics and bias assessment
of each study are represented in Table 1. As the number of
studies was not high enough for a funnel plot or regression-
based methods, this study did not assess the publication bias.
In addition, in order to analyze their sensitivity, this assessed
changes in the total estimates by repeating meta-analysis with
a different study excluded in each session. The findings are
summarized below.

Changes in olfactory dysfunction variables after
olfactory training and restrictions on findings analysis
Compared with pre-training, the olfactory training signifi-
cantly increased the olfactory scores (SMD=1.7779, 95% con-
fidence interval [1.0077; 2.5481], p<0.001, I’=87.9%) (Fig. 2)
and significantly lowered the percentage of olfactory disorder
(OR=0.0115 [0.0022; 0.0598], p<0.001, I’=0.0%) (Fig. 3).
However, heterogeneity among the studies was confirmed in
the analysis of olfactory scores before and after the olfactory

Sample : . Duration of olfactory Outcome measure
Study (year) size Age (yr)/sex (M:F) Study design dysfunction analyzed
Kasiri et al. 38 33.2+8.5/19:19 Prospective Severe microsmia or Olfactory score (UPSIT)
[28] 2021 clinical trial anosmia within Rate of olfactory
two weeks dysfunction
Abdelalim et al. 50 30.0 (IQR 22.5-39.0)/22:28  Prospective, Olfactory disorder Olfactory score
[26] 2021 randomized, with onset of less (self- reporting score)
controlled trial ~ than 2 weeks Rate of olfactory
dysfunction
Saussez et al. 71 43.5+14.1/31:40 Prospective Olfactory disorder Olfactory score
[27] 2021 cohort with onset of less (Sniffin’ Sticks tests)
than 2weeks Rate of olfactory
dysfunction

M, male; F, female; IQR, interquartile range; UPSIT, University of Pennsylvania Smell Identification Test
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Experimental Control
Study Total Mean SD Total Mean SD
g = acute (<30 days)
Abdelalim et al. [26] 50 10.00 37000 50 2.00 29600
Kasiri et al. [28] 38 16.00 53740 38 9.00 8.3390
Saussez et al. [27] 71 13.00 22200 71 6.00 44470

Fixed effect model 159 159
Random effects model

Heterogeneity: I” = 88%, T = 0.4065, p < 0.01

Fixed effect model 159 159

Random effects model
Heterogeneity: I = 88%, > = 0.4065, p < 0.01
Residual heterogeneity: = 88%, p < 0.01

Standardised Mean Weight Weight

Difference SMD 95%-Cl (fixed) (random)

—%— 237 [1.85,289] 26.3% 32.5%

—— 099 [051;147] 307% 331%

—=— 198 [1.58,238] 43.0% 34.4%

<if> 1.78 [1.51; 2.04] 100.0% -

—=mise—- 178 [1.01; 2.55] 100.0%

o 1.78 [1.51; 2.04] 100.0% -

===IF=-  1.78 [1.01; 2.55] 100.0%
=g 1 3
2 4 0 1 2

Fig. 2. Post-treatment (olfactory training) versus pre-treatment with SMD. SMD of olfactory score (total: number of participants per group).
SD, standard deviation; SMD, standard mean difference; Cl, confidence interval.

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
g = acute (<30 days)
Abdelalim et al. [26] 24 50 50 50 —@— 001 [0;0.16] 33.6% 336%
Kasiri et al. [28] 30 38 38 38 005 [0;0.84] 324% 32.4%
Saussez et al. [27] 2 i 7 71— 0.00 [0;0.06] 34.0% 34.0%
Fixed effect model 159 159 == 0.01 [0; 0.06] 100.0% -
Random effects model == 0.01 [0; 0.06] - 100.0%
Hel neity: - =0%, t =0, p =047
Fixed effect model 159 159 —_ 0.01 [0; 0.06] 100.0% -
Random effects model 0.01 [0; 0.06] - 100.0%
Heterogeneity: = 0%, ©= 0,p=047 ! ' ! !
Residual heterogeneity: s 0%, p = 0.47 0.001 01 1 10 1000

Fig. 3. Post-treatment (olfactory training) versus pre-treatment with OR. Percentage of olfactory dysfunction (total: number of participants

per group). OR, odds ratio; Cl, confidence interval.

training (I°>50%). Regarding the heterogeneity, Kasiri et al.
[28] was found to show different pre and post-training olfac-
tory scores than the other studies. The SMD from Kasiri et al.
[28] was markedly lower than the combined SMD of the three
studies (0.99 vs. 1.78). When Kasiri et al. [28] was excluded
from the meta-analysis, the I* dropped below 50%, which
suggests that Kasiri et al. is the cause of the heterogeneity.
However, the SME from Kasiri et al. [28] indicated significant
effect of olfactory training. The findings suggest that, despite
partial heterogeneity, olfactory training can improve olfacto-
ry disorder.

For a meta-analysis of the effect of olfactory training, the
effect of the treatment may be accurately analyzed by compar-
ing a treatment group (who went through olfactory training)
and a control group (who did not go through olfactory train-
ing). However, according to the latest trends, most patients
with olfactory dysfunction go through olfactory training,
which prevents a comparison with a control group. The three
analyzed studies were not designed to analyze the effect of
olfactory training, although a treatment group who received
nasal spray and olfactory training was compared with a con-
trol group who only received olfactory training in order to

analyze the effect of nasal spray on olfactory dysfunction. As
such, in order to single out the effect of olfactory training, this
study meta-analyzed the findings for the olfactory training-
only group before and after the treatment.

Seventy percent of patients with post-COVID-19 olfacto-
ry dysfunction were found to restore their olfactory functions
without treatment. As such, it appears that the method used
in this study may be affected by natural course and other fac-
tors. In other words, without a control group, improvement
in the olfactory function in olfactory training-only group does
not serve as sufficient evidence to conclude that olfactory train-
ing improved the olfactory function of patients with post-
COVID-19 olfactory dysfunction.

Olfactory training methods and olfactory function
assessment

The global COVID-19 pandemic raised public interest in
PIOD, olfactory dysfunction, and olfactory training. The clas-
sic olfactory training designed by Hummel requires at least
twelve weeks to complete. Each patient is exposed to a set of
four aromas twice per day. The four aromas are: phenyl ethyl
alcohol (rose), eucalyptol (eucalyptus), citronellal (lemon),



Hwang et al : Practical Review of Olfactory Training and COVID-19

and eugenol (cloves) [13]. A patient receives four brown vials
(50 mL in total), and each vial emits one of the four aromas.
The vial contains a cotton ball soaked with 1 mL of the aro-
ma-emitting essence to prevent the liquid from flowing, and
each vial is labeled with the name of the aroma. Each day, a
patient smells each aroma for around ten seconds once in the
morning and again in the evening, repeating the process un-
til the patient smells all four aromas. In order to focus on
the training, patients were required to assess and record their
overall olfactory function on Sundays. In Hummel et al’s study
[13], the patients’ olfactory function was assessed using the
Sniffin’ Sticks test kit before and after the twelve-week training.

EFFICACY OF MEDICAL TREATMENT-
COMPARISON OF THE NASAL STEROID
SPRAY GROUP AND THE OLFACTORY
TRAINING-ONLY GROUP

Medications currently prescribed for PIOD patients in-
clude local and systemic glucocorticoid, alpha lipoic acid,
and caroverin [30,31]. The effect of nasal steroid spray on the
olfactory function of COVID-19 patients can be explained
through a large-scale randomized controlled trial [26,32]. Ka-
siri et al. [28] suggested that, compared with the olfactory
training-only option, the combination of olfactory training
and the mometasone furoate nasal spray is more effective in
improving the olfactory function of COVID-19 patients with
anosmia. On the other hand, Abdelrahman Ahmed analyzed
50 patients complaining of post-COVID-19 olfactory dys-
function by dividing them into the training-only group and
the mometasone furoate nasal spray group, and failed to find
significant difference in olfactory function in the third week.
As such, Abdelalim et al. [26] reported that the nasal steroid
spray does not hold advantage over olfactory training in the
treatment of post-COVID-19 olfactory disorder. The same
conclusion was reported by Rashid et al. [32], who conduct-
ed a placebo-controlled trial with 356 COVID-19 and olfac-
tory disorder patients. The patients were divided into two
groups: a group of 138 patients who applied betamethasone
nasal spray, and another group of 138 patients who applied
saline nasal spray. The study failed to identify significant dif-
ference between the two groups after 30 days.

COMPARISON OF THE ORAL
STEROID-NASAL STEROID SPRAY
COMBINATION GROUP AND THE

OLFACTORY TRAINING-ONLY GROUP

Vaira et al. [12] and Le Bon et al. [33] recently conducted
small-scale studies that analyzed the clinical benefits of add-

ing oral steroid and nasal steroid spray to olfactory training
for COVID-19 patients with olfactory disorder. In Vaira et al’s
study [12], 9 patients who experienced olfactory disorder for
30 days or longer used oral and nasal steroid during their ol-
factory training, while the control group only went through
olfactory training. The findings showed that the patients treat-
ed with nasal and oral corticosteroid reported significantly
improved olfactory scores than the control group on Day 20
and 40 [12]. Le Bon et al. [33] treated 9 COVID-19 patients
with one month or longer olfactory dysfunction with oral ste-
roid and olfactory training, while the control group (18 pa-
tients with olfactory disorder for an average 5 weeks) only
received olfactory training. The findings indicated a higher
level of olfactory score improvement in the group treated with
oral steroid. However, while both Vaira et al. [12] and Le Bon
et al. [33] found significant difference in identification scores
after a month of treatment, the difference was no longer sig-
nificant after two months. The findings suggest that glucocor-
ticoid accelerates the recovery of olfactory function by accel-
erating the elevation to the normal threshold and reducing
the occurrence of parosmia. However, the group treated with
two-month training and systemic steroid or the group with
training and nasal steroid did not significantly differ from the
training-only group in terms of the percentage of patients who
recovered normal olfactory function. This finding requires
long-term tracking. The fast recovery reported by the oral ste-
roid group appears to be related with the effect of corticoste-
roid to accelerate epithelium regeneration and reduce inflam-
mation on the olfactory mucosa. The use of oral corticosteroid
for post-COVID-19 olfactory disorder has sparked contro-
versies over the possibility of exacerbation caused by immu-
nosuppression, delayed elimination of the virus, and other side
effects. Patients using oral steroids reported adverse side effects
such as insomnia, headache, and high blood pressure, of which
prevalence rates were similar to those reported by other re-
searchers. The use of oral corticosteroid in COVID-19-relat-
ed olfactory disorder patients requires further studies [27,34].

EFFECTS OF OLFACTORY TRAINING

Despite some discrepancies among the studies included in
the analysis, a number of recent meta-analysis studies have
shown the benefits of olfactory training for patients with ol-
factory disorders from various causes [35,36]. In addition,
numerous studies found that olfactory training is more effec-
tive for disorder caused by PIOD than olfactory disorders
from other causes [15,37-41]. In a systemic review, Harless
and Liang [30] failed to find any evidence for the use of drug
as the sole treatment for olfactory disorder, which highlights
the use of non-drug options such as olfactory training. In a
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meta-analysis, minimal clinically important difference in
threshold discrimination identification (TDI) scores of PIOD
patients treated with olfactory training was almost three times
higher than that of control group [42]. According to the study,
PIOD patients showed reduced metabolism in the olfactory
center of their brains, and olfactory training induces changes
in the functional connection in olfactory senses, somatic sens-
es, and the integrated pathways [43,44]. The effectiveness of
drug treatment has not been proven to an extent that justifies
it as a treatment option for PIOD, which supports the in-
creased interest in olfactory training as a treatment option.

CONCLUSION

COVID-19-induced olfactory disorder can be classified as
PIOD, and olfactory disorder is known to improve the olfac-
tory function of COVID-19 patients. The relevant studies
need optimization and standardization to account for slight
differences in their training protocols. Given the findings on
the improvement of olfactory function in patients treated
with systemic and/or nasal steroid relative to the training-only
group, the benefits of steroid for patients with COVID-19-
related olfactory disorder have not been substantiated, and
requires further studies.

Olfactory training must be considered as a treatment op-
tion for olfactory dysfunction in PIOD and COVID-19 pa-
tients. The training should be preceded by otorhinolaryngo-
logic examination to identify other causes, and accompany an
appropriate olfactory test to determine the exact degree of ol-
factory dysfunction and assess the effect of olfactory training.
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