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Abstract

Purpose The aim of the study was to investigate whether olfactory fluctuations (OF) are pronounced in patients with sinonasal
olfactory dysfunction (OD).

Methods The retrospective investigation included patients aged 18 years or older, who consulted a tertiary referral center for
olfactory loss. Patients with normal smell function were excluded. Patients answered a structured questionnaire about their
olfactory symptoms, with specific questions related to the presence of OF and its average frequency, amplitude, duration,
time since most recent OF, and associated symptoms of self-reported OF. Patients also underwent clinical evaluation includ-
ing a structured medical history and physical examination including nasal endoscopy. In addition, we assessed orthonasal
olfactory function using Sniffin’ Sticks, and gustatory function using “taste sprays’.

Results Participants included 131 men and 205 women (n=2336), aged 18 to 86 years (mean 50, SD 16). Patient-reported
fluctuations occurred most frequently in sinonasal (38%), idiopathic (29%), and postviral (29%) OD. Amplitude of OF was
highest in postviral OD (p=0.009). Average frequency, duration, and the time since the most recent fluctuation were not
significantly different between groups (all p’s >0.42). Odor discrimination (p=0.002) and identification (p =0.017) scores
were higher among those individuals with OF.

Conclusion Amplitude of OF may help distinguish postviral from other causes of OD, especially in patients presenting with
equivocal symptoms of sinonasal disease.

Keywords Olfaction - Fluctuation - Smell - Sinonasal - Postviral

Introduction

Olfactory dysfunction (OD) is defined as an impaired,
distorted, and/or absent sense of smell. A subset of OD
includes olfactory fluctuation (OF), which is characterized
by the reversible transition between different states of olfac-
tory function, ranging from present or decreased olfactory
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function to a total loss of function within a given period of
time. OF has been implicated to be related to an increasing
number of diseases, including allergic rhinitis [1, 2], Par-
kinson’s disease [3], Alzheimer’s disease [4], and multiple
sclerosis [5, 6]. Still, OF is most strongly associated with
inflammatory or obstructive sinonasal disease [1, 2, 7-11],
and has been previously accepted as a pathognomonic sign
of chronic rhinosinusitis (CRS) [1, 11].

Although OF is common among patients with OD, very
little data-based analysis of OF has been done [10] and no
current structured model of clinical workup for OF assess-
ment exists. Due to the wide range of amplitude, duration,
and frequency of symptoms, OF patients can be a clinical
challenge. This challenge is aggravated by the lack of stand-
ardized questionnaires to diagnose OF and their potential
cause. Hence, the aim of the present study was to investigate
the presence of OF in patients with various causes of OD.
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Materials and methods

The retrospective study design was approved by the Insti-
tutional Review Board (IRB) of TU Dresden and was con-
ducted according to the principles expressed in the Declara-
tion of Helsinki.

Participants

The study included adult patients of at least 18 years of age,
who consulted at the Smell and Taste Clinic, Department
of Otorhinolaryngology, TU Dresden for sinonasal, post-
infectious, post-traumatic, and idiopathic olfactory dysfunc-
tion. Patients who only experienced isolated cases of tran-
sient fluctuations that were not related to persistent olfactory
dysfunction (e.g., acute viral rhinitis), not requiring medical
consultation were not included in the study.

Table 1 Olfactory fluctuation questionnaire

Questionnaire

Participants answered a structured questionnaire regarding
their olfactory and gustatory symptoms, with specific ques-
tions related to the presence of OF and its average frequency,
amplitude, duration, time since most recent OF, and associ-
ated symptoms of self-reported OF (Table 1). Cronbach’s
alpha was 0.948.

Clinical evaluation

The clinical workup included a standardized, systematic
medical history followed by a detailed ENT physical exami-
nation including nasal endoscopy [7]. Olfactory testing was
done using the “Sniffin’ Sticks” [12] (Burghart Messtech-
nik, Holms, Germany), which is comprised of tests for odor
threshold (T), discrimination (D), and identification (I).
Patients also underwent screening for gustatory dysfunction
using the “taste sprays” (sweet, sour, salty, bitter) [13, 14].
If deemed necessary, their cranial CT scans or MR images
were examined.

Screening
short-term

When yes
Frequency

Amplitude
smelling is...?

Duration

Time since most recent olfactory fluctuation When was the last time you experienced such a fluctuation in smelling

ability?

Associated symptoms of self-reported olfac- What are these odor fluctuations related to?

tory fluctuations

I experience changes in my sense of smell...?

In comparison to my typical situation, the short-term improvement in

The short-term improvement in smelling lasts...?

My smelling ability is not good, but is much better from time to time in the [ Yes

[ No (if “no”, the
questionnaire
ends here)

O Daily

O Only once a
week

O Only once a
month

O Yearly

O Only slightly
better

O Somewhat better

[0 Much better

O Seconds

O Minutes

O Hours

O Days

O Hours ago
O Days ago

O Weeks ago
O Months ago
O Years ago

O Physical exercise
O Heat

O Cold

O Medication

O Showering

O Humidity

O Spicy food

O Other:
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Data analysis

Statistical analyses were performed using SPSS ver. 28.0
(IBM SPSS Statistics for Windows, Vs. 28.0; IBM Corp.,
Armonk, NY, USA). Kruskal-Wallis tests and Mann—Whit-
ney U test were done to determine which causes of OD had
the most OFs, as well as to explore possible differences in
amplitude, frequency, duration, and time since most recent
OF. Finally, comparisons of TDI scores and taste scores with
OF were performed using multivariate ANOVA, with an
alpha level of 0.05 considered as statistically significant. We
treated the following responses as “missing” values: patients
who did not know or did not give an answer. Imaging data
were collected irregularly for purposes of diagnosis but were
not included in the analysis.

Results

The study participants included 131 men and 205 women
(n=336), whose ages ranged from 18 to 86 years (mean
50 years, SD 16). The causes of olfactory loss for the study
sample included: sinonasal disease (n =40), viral infections
of the upper respiratory tract (n =152), idiopathic dysfunc-
tion (n=112), and head trauma (n=32). Patient-reported
olfactory fluctuations occurred most frequently in sinonasal
(38%, n=15), postviral (29%, n=44), and idiopathic (25%,
n=28) OD, whereas they were observed less in patients
with post-traumatic olfactory loss (16%, n=15) (Fig. 1).
The three groups where fluctuations were most frequently
observed exhibited a significant difference in the amplitude
of the fluctuations. This was highest in those with postviral
OD (H(2)=9.45, p=0.009), with a mean rank of 41.1 for
postviral, 23.9 for sinonasal, and 22.0 for idiopathic. The
three groups did not differ with regard to other OF param-
eters such as frequency (H(2)=1.01, p=0.60), duration
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Fig. 1 Frequency of patients with and without olfactory fluctuations
(OF) among various causes of olfactory loss
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Fig.2 Sniffin’ Sticks scores in subjects with and without olfactory
fluctuation (OF)

(H(2)=0.30, p=0.86), and the time since the most recent
fluctuation (H(2)=1.70, p=0.43). The amplitude of OF was
significantly higher in postviral compared to sinonasal OD
(U=113, p=0.006).

In comparison to patients without OF, patients with
OF had better olfactory function for odor discrimination
(Fy311=10.14, p=0.002) and identification (F; 3, =5.78,
p=0.017) scores, but not for odor threshold scores. Fig-
ure 2 presents descriptive plots of the discrimination and
identification subtest scores. There was no significant dif-
ference in taste scores between those with and without OF
(F1311=0.645, p=0.422).

Discussion

Various hypotheses have been proposed to explain OF; how-
ever, the exact mechanism of OF remains unknown. The
present study confirms previous findings by Hsieh et al. [10]
that self-reported OF is strongly, but not exclusively, associ-
ated with sinonasal disorders. In addition to previous stud-
ies, our findings show that OF is most frequently observed
in sinonasal OD, compared to postviral and idiopathic OD.

The pathophysiology of sinonasal OD involves an impair-
ment of nasal airflow and inflammation of the olfactory
neural pathway [10, 11, 15, 16]. Airflow to the olfactory
region was found to increase when airway patency improved
at critical areas, such as the olfactory cleft and the internal
nasal valve [17]. However, airway patency does not seem
to greatly influence olfactory dysfunction, except in cases
of marked nasal obstruction [18]. This suggests that airflow
is not the sole factor influencing olfaction, as is evident in
cases when smell function rarely returns to normal levels in
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CRS patients after nasal surgery and corticosteroid treat-
ments [19]. Inflammation and mucosal remodeling in the
area of the olfactory neuroepithelium has also been shown
to occur in CRS, negatively affecting olfactory function [15,
16, 20].

It has been proposed that certain activities (e.g., exercise,
showering, sexual intercourse) or anti-inflammatory ther-
apy (e.g., corticosteroids) and physiologic processes (e.g.,
nasal cycle, endogenous hormone secretion) eliciting nasal
decongestion or affecting mucosal conditions in the nose can
cause OF [1, 8, 9, 21]. This implies the presence of an intact
olfactory neural pathway, from the receptors at the olfactory
neuroepithelium up to the olfactory processing centers in the
brain, which is a prerequisite for olfactory function [1, 11,
22]. We theorize that OF occurs in patients who experience
poor olfactory function, in the setting of a combined effect
of nasal obstructive disease and an underlying inflamma-
tory condition, such that the damage to the olfactory mucosa
is not too severe to be permanent. OFs indicate that olfac-
tory function is a continuum that can shift from the state of
normal function to reversible impairment, more frequently
observed in some diseases than others. In our study, patients
reporting OF were more likely to have better olfactory func-
tion versus those without OF, as expressed by the higher
discrimination and identification subtest scores in those with
OF. This emphasizes that for OF to occur, it requires the
presence of baseline olfactory function. In this case, it is
likely that healthy olfactory neuroepithelium is present and
extensive metaplasia has not yet occurred [16], thereby mak-
ing olfactory fluctuations possible.

Amplitude of OF may help distinguish postviral from
sinonasal OD. Nasal polyps were found not to be associated
with OF, but they appear to be a marker of more severe smell
loss [1, 2]. Thus, OF amplitude might be particularly use-
ful in differentiating postviral OD versus newly-diagnosed
CRS without nasal polyps (CRSsNP). Postviral OD would
be slightly less prone to OF [1, 11] but would have higher
amplitude of fluctuations, presenting with more sudden
olfactory loss after an upper respiratory tract infection, and
would be more likely to present with parosmia/phantosmia
[22, 23]. On the other hand, CRSsNP would likely present
with moderate-amplitude fluctuations, gradually worsening
olfactory loss, and would be less likely to present with paros-
mia/phantosmia [21].

Odor distortions are known to frequently occur after post-
viral olfactory loss [24]. We hypothesize that the reported
increased amplitude of OF in postviral OD may be an indica-
tor of a phase of recovery where possibly regenerating olfac-
tory epithelium temporarily produces an increased amplitude
of distorted odor perceptions which patients may perceive
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as periods of a more sensitive sense of smell or heightened
smelling abilities.

Previous work by Apter et al. [2] evaluated subjective
OF using a questionnaire, among 90 patients with allergic
rhinitis only (n=30) versus those with allergic rhinitis and
olfactory dysfunction without sinonasal disease (n=30), and
those with allergic rhinitis and olfactory dysfunction with
sinonasal disease (n=30). Their findings suggested that the
frequency of self-reported OF is positively correlated with
sinonasal disease severity [2]. In contrast to this, we found
no significant association between the frequency of self-
reported OF and a causative underlying OD disease.

In sinonasal diseases, particularly chronic rhinosinus-
itis, OF may be due to diverse inflammatory processes
driven primarily by dysfunctional interactions at the level
of the sinonasal mucosa. Various host and environmental
factors may influence these conditions that are conducive
for the development of inflammation [25]. Inflammation
not only occurs in the respiratory epithelium, but in the
olfactory epithelium as well [15, 16]. The ability of the
olfactory neuroepithelium to repair and regenerate, may
account for some of the OF observed in sinonasal disease.
Transient olfactory improvement has also been observed in
CRS patients receiving corticosteroid treatment [1, 6, 22].

One of the challenges to investigating OF is the lack of
a clear, universally accepted definition of the concept. To
our knowledge, most of the articles cited in this study men-
tion the word “fluctuation”, but only the study by Hsieh
et al. [10] provided a definition for this concept. In general,
fluctuation is defined as several changes in amount, size,
quality etc. that happen frequently. However, one would
also question whether this fluctuation is instantaneous
and fleeting or happening over a period of days or weeks;
whether it denotes a shift between the state of being able
to smell well versus smelling less or not being able to
smell at all; or if it happens as bursts of improved olfaction
amidst a state of persistent poor olfaction. It is hard to be
certain if all reported olfactory fluctuations in literature
mean the same thing. This problem further emphasizes
the need for a standardized questionnaire that provides
a clear idea to patients as to what is being asked about
this symptom. Given that OF is difficult to quantify and
measure, the questionnaire used in this study may prove
useful in the future evaluation of OFs in a clinical context.

This study has several limitations. Participants were a
consecutive sample of patients that consulted at a tertiary
referral center, and the distribution of cases followed the
distribution observed in this specific environment. The
largest number of consultations were postviral in etiology,
the smallest number of consultations were post-traumatic.
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Although a large sample in total was included, the limited
sample size per group precludes very detailed analyses to
be done. In addition, patients who experienced olfactory
fluctuations not related to persistent olfactory dysfunction
were not included in this study and other patient factors
(e.g., anxiety, importance of olfaction, environment, etc.)
potentially affecting likelihood of reporting presence of
OFs were not explored. OFs were reported using self-
ratings. Future cohort studies may be done with a larger
sample size that includes other patient factors and explores
for correlation of OF self-ratings with actual psychophysi-
cal measurements of fluctuations and possibly including
validation and retesting of the questions used.

Conclusion

OF is most frequent in sinonasal disease, but was also
reported in other causes of olfactory disorders, although at
a lesser degree. Self-reported amplitude of OF may help
to distinguish postviral disorders from other causes of OD.

Acknowledgements We would like to thank Johanna Flechsig and
Mona Rosbach for assisting in data collection and organization. The
retrospective study was supported by in-house funding at the Depart-
ment of Otorhinolaryngology at the Technische Universitit Dresden.

Author contributions AKH: data analysis and writing—review and
editing, LJ: data collection, review and editing. AH: conceptualization,
data collection, supervision, review and editing. JWH: review and edit-
ing. BNL: review and editing. TH: conceptualization, data collection,
supervision, review and editing.

Funding Open Access funding enabled and organized by Projekt
DEAL. The retrospective study was supported by in-house funding at
the Department of Otorhinolaryngology at the TU Dresden.

Declarations

Conflict of interest The authors have no competing interests to declare
that are relevant to the content of this article.

Ethical approval The study was approved by the Institutional Review
Board (IRB) of TU Dresden and was conducted according to the prin-
ciples expressed in the Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Seiden AM, Duncan HJ (2001) The diagnosis of a conductive
olfactory loss. Laryngoscope 111:9-14. https://doi.org/10.1097/
00005537-200101000-00002

2. Apter AJ, Gent JF, Frank ME (1999) Fluctuating olfactory sen-
sitivity and distorted odor perception in allergic rhinitis. Arch
Otolaryngol Head Neck Surg 125:1005-1010. https://doi.org/10.
1001/archotol.125.9.1005

3. Meusel T, Westermann B, Fuhr P et al (2010) The course of olfac-
tory deficits in patients with Parkinson’s disease—a study based
on psychophysical and electrophysiological measures. Neurosci
Lett 486:166—170. https://doi.org/10.1016/j.neulet.2010.09.044

4. Knight JE, Bennett DA, Piccinin AM (2020) Variability and cou-
pling of olfactory identification and episodic memory in older
adults. J Gerontol Ser B Psychol Sci Soc Sci 75:577-584. https:/
doi.org/10.1093/geronb/gby058

5. Doty RL, Li C, Mannon LJ, Yousem DM (1999) Olfactory dys-
function in multiple sclerosis: relation to longitudinal changes
in plaque numbers in central olfactory structures. Neurology
53:880-882. https://doi.org/10.1212/wnl.53.4.880

6. Doty RL (2015) Clinical disorders of olfaction. Handb Olfaction
Gustation Third Ed. https://doi.org/10.1002/9781118971758.ch17

7. Welge-Liissen A, Leopold D, Miwa T (2013) Smell and taste
disorders—diagnostic and clinical work-up. In: Welge-Liissen
A, Hummel T (eds) Management of smell and taste disorders: a
practical guide for clinicians2. Thieme, Stuttgart, pp 49-57

8. Wolfensberger M, Hummel T (2002) Anti-inflammatory and sur-
gical therapy of olfactory disorders related to sino-nasal disease.
Chem Senses 27:617-622. https://doi.org/10.1093/chemse/27.7.
617

9. Negoias S, Friedrich H, Caversaccio MD, Landis BN (2016)
Rapidly fluctuating anosmia: a clinical sign for unilateral smell
impairment. Laryngoscope 126:E57-E59. https://doi.org/10.1002/
lary.25476

10. Hsieh JW, Daskalou D, Detroux V et al (2020) Olfactory fluctua-
tion revisited. Laryngoscope 130:2442-2447. https://doi.org/10.
1002/lary.28918

11. Whitcroft KL, Cuevas M, Haehner A, Hummel T (2017) Pat-
terns of olfactory impairment reflect underlying disease etiology.
Laryngoscope 127:291-295. https://doi.org/10.1002/lary.26229

12. Oleszkiewicz A, Schriever VA, Croy I et al (2019) Updated Snif-
fin’ Sticks normative data based on an extended sample of 9139
subjects. Eur Arch Oto-Rhino-Laryngol 276:719-728. https://doi.
org/10.1007/s00405-018-5248-1

13. Yoshino A, Goektas G, Mahmut MK et al (2021) A new method
for assessment of retronasal olfactory function. Laryngoscope
131:E324-E330. https://doi.org/10.1002/lary.28698

14. Hummel T, Hummel C, Welge-Luessen A (2013) Assessment of
olfaction and gustation. In: Welge-Liissen A, Hummel T (eds)
Management of smell and taste disorders: a practical guide for
clinicians. Thieme, Stuttgart, pp 58-75

15. Kern RC (2000) Chronic sinusitis and anosmia: pathologic
changes in the olfactory mucosa. Laryngoscope 110:1071-1077.
https://doi.org/10.1097/00005537-200007000-00001

16. Yee KK, Pribitkin EA, Cowart BJ et al (2009) Analysis of the
olfactory mucosa in chronic rhinosinusitis. Ann NY Acad Sci
1170:590-595. https://doi.org/10.1111/j.1749-6632.2009.04364.x

17. Zhao K, Scherer PW, Hajiloo SA, Dalton P (2004) Effect of
anatomy on human nasal air flow and odorant transport patterns:
implications for olfaction. Chem Senses 29:365-379. https://doi.
org/10.1093/chemse/bjh033

18. Zhao K, Frye RE (2015) Nasal patency and the aerodynamics of
nasal airflow in relation to olfactory function. Handb Olfaction
Gustation Third Ed. https://doi.org/10.1002/9781118971758.ch16

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/00005537-200101000-00002
https://doi.org/10.1097/00005537-200101000-00002
https://doi.org/10.1001/archotol.125.9.1005
https://doi.org/10.1001/archotol.125.9.1005
https://doi.org/10.1016/j.neulet.2010.09.044
https://doi.org/10.1093/geronb/gby058
https://doi.org/10.1093/geronb/gby058
https://doi.org/10.1212/wnl.53.4.880
https://doi.org/10.1002/9781118971758.ch17
https://doi.org/10.1093/chemse/27.7.617
https://doi.org/10.1093/chemse/27.7.617
https://doi.org/10.1002/lary.25476
https://doi.org/10.1002/lary.25476
https://doi.org/10.1002/lary.28918
https://doi.org/10.1002/lary.28918
https://doi.org/10.1002/lary.26229
https://doi.org/10.1007/s00405-018-5248-1
https://doi.org/10.1007/s00405-018-5248-1
https://doi.org/10.1002/lary.28698
https://doi.org/10.1097/00005537-200007000-00001
https://doi.org/10.1111/j.1749-6632.2009.04364.x
https://doi.org/10.1093/chemse/bjh033
https://doi.org/10.1093/chemse/bjh033
https://doi.org/10.1002/9781118971758.ch16

5690

European Archives of Oto-Rhino-Laryngology (2022) 279:5685-5690

19.

20.

21.

22.

Doty RL, Mishra A (2001) Olfaction and its alteration by nasal
obstruction, rhinitis, and rhinosinusitis. Laryngoscope 111:409—
423. https://doi.org/10.1097/00005537-200103000-00008
Sultan B, May LA, Lane AP (2011) The role of TNF-a in inflam-
matory olfactory loss. Laryngoscope 121:2481-2486. https://doi.
org/10.1002/1ary.22190

Landis BN, Hsieh JW, Coppin G (2018) Circadian anosmia: a rare
clinical presentation. Laryngoscope 128:1537-1539. https://doi.
org/10.1002/1ary.27106

Schwartz JS, Tajudeen BA, Kennedy DW (2019) Diseases of the
nasal cavity. In: Doty RL (ed) Handbook of clinical neurology.
Elsevier B.V, New York, pp 285-302

@ Springer

23.

24.

25.

Duncan HJ, Seiden AM (1995) Long-term follow-up of olfactory
loss secondary to head trauma and upper respiratory tract infec-
tion. Arch Otolaryngol Head Neck Surg 121:1183-1187. https://
doi.org/10.1001/archotol.1995.01890100087015

Hofmann FB (1918) Uber Geruchsstorungen nach Katarrhen der
Nasenhohle. Muench Med Wochenschr 65:1369

Fokkens WJ, Lund VJ, Hopkins C et al (2020) European position
paper on rhinosinusitis and nasal polyps 2020. Off J Eur Int Rhinol
Soc Confed Eur ORL-HNS Suppl 29:11

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/00005537-200103000-00008
https://doi.org/10.1002/lary.22190
https://doi.org/10.1002/lary.22190
https://doi.org/10.1002/lary.27106
https://doi.org/10.1002/lary.27106
https://doi.org/10.1001/archotol.1995.01890100087015
https://doi.org/10.1001/archotol.1995.01890100087015

	Assessment of olfactory fluctuations in a clinical context
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Participants
	Questionnaire
	Clinical evaluation
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


