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ABSTRACT

Reduced sense of smell is a common symptom 
in patients with chronic rhinosinusitis (CRS). 
Although it is often under-diagnosed by health‑
care providers, reduced sense of smell can have a 
substantial negative impact on patient’s quality 
of life as measured by health-related quality of 
life (HRQoL) assessments and patient-reported 
outcomes. This narrative review describes cur‑
rent smell loss diagnosis and management 

guidelines in CRS, and the relationship between 
smell loss and CRS. Reduced sense of smell 
can be an indication of CRS disease severity 
in patients with (CRSwNP) and without nasal 
polyps (CRSsNP), and recovery of smell can be 
an indicator of successful CRS treatment. The 
current first-line therapeutic options for smell 
loss are intranasal corticosteroids and nasal 
irrigation, and second-line therapeutic options 
include systemic steroids and surgery. Shared 
decision-making between patient, caregiver, 
and healthcare provider is important when 
choosing the most appropriate CRS treatment 
option. Emerging biologic therapies that target 
type 2 inflammation signaling pathways, such 
as dupilumab, omalizumab, and mepolizumab, 
have been shown to improve smell and taste in 
randomized controlled trials of patients with 
CRSwNP.
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A graphical abstract and video abstract are 
available with this article.

PLAIN LANGUAGE SUMMARY

Chronic rhinosinusitis (CRS) is an inflamma‑
tory condition often associated with a loss of 
smell and taste. Patients with CRS and a loss 
of smell often rate their quality of life as poor 
and are more likely to also suffer from depres‑
sion and anxiety than patients without smell 
loss. Patients with severe smell loss are also 
more likely to have increased severity of CRS 
disease by other measures. Standard treatments 

for smell loss include topical steroids, corticos‑
teroids absorbed into the whole body system 
(systemic), and/or sinonasal surgery, but the 
effects may not last, and patients may experi‑
ence side effects when they use repeated short 
bursts or long-term treatment with systemic cor‑
ticosteroids. A newer treatment option for CRS 
is biologic therapy, which targets the immuno‑
logic pathways associated with inflammation. 
Biologic therapies have been shown to be effec‑
tive in the treatment of CRS with nasal polyps 
including improvement in sense of smell. Here, 
we review the most common diagnostic tests 
and treatment options for CRS-associated smell 
loss and show how severity of smell loss is linked 
to severity of CRS.
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Key Summary Points 

Loss of smell strongly affects the quality of 
life in patients with chronic rhinosinusitis 
(CRS).

Despite a high prevalence in patients with 
CRS, loss of smell is often under-diagnosed 
by healthcare providers.

Second-line therapeutic options for smell loss 
in CRS include systemic corticosteroids and 
sinonasal surgery.

Given the risk of symptom recurrence and 
adverse events with second-line treatment 
options, shared decision-making is important 
in the management of smell loss.

Monoclonal antibodies targeting type 2 
inflammatory signaling pathways have dem‑
onstrated effectiveness at improving loss of 
smell in patients with CRS with nasal polyps 
(CRSwNP).

DIGITAL FEATURES

This article is published with digital features, 
including a graphical abstract and video abstract, 
to facilitate understanding of the article. To view 
digital features for this article, go to https://doi.
org/10.6084/m9.figshare.26862922.

INTRODUCTION

Chronic rhinosinusitis (CRS) is an inflamma‑
tory disease that affects up to 15% of the adult 
population in the US and Western Europe [1] 
and is characterized by four cardinal symptoms: 
facial pain or pressure, reduction or loss of smell, 
nasal blockage, and nasal discharge. Reduced 
sense of smell is a common symptom of CRS, 

affecting 38–83% of patients overall, with com‑
plete anosmia in approximately 25% [2]. CRS 
can be phenotypically categorized by the pres‑
ence or absence of nasal polyps (CRSwNP and 
CRSsNP, respectively), and in CRSwNP the inci‑
dence of smell loss is much higher, with 77–91% 
of patients affected [3]. In comparison, the inci‑
dence of reduced sense of smell in the general 
population is estimated at 5%, with higher rates 
in persons over the age of 65 [4]. Common 
causes of reduced sense of smell other than CRS 
include COVID-19 and other post-viral smell 
loss, neurodegenerative disease, and trauma 
[4, 5]. This review highlights the importance 
of smell in the diagnosis and management of 
CRS, and the impact of treatment on reversing 
reduced sense of smell. This article is based on 
previously conducted studies and does not con‑
tain any new studies with human participants or 
animals performed by any of the authors.

Disease Definition

CRS is a long-term disease that involves chronic 
inflammation of the nasal and paranasal sinus 
mucosa [6, 7]. CRSwNP displays a predomi‑
nantly type 2 inflammation signature (87% of 
cases), particularly in populations of European 
descent, with upregulation of interleukin (IL)-4, 
IL-5, IL-13, and local immunoglobulin E (Fig. 1) 
[8–10]. Type 2 inflammation is also reported in 
30–55% of cases of CRSsNP, with the remain‑
ing cases mediated either by cytokines such as 
interferon gamma and interferon alpha (type 1 
inflammation) or by IL-17, IL-22, and IL-23 (type 
3 inflammation) [8, 9]. There appear to be geo‑
graphic differences in the involvement of type 
2 inflammation, with over half of CRSwNP cases 
in East Asia presenting with non-type 2 inflam‑
mation [11].

Different mechanisms may account for smell 
loss in CRS. One reduced sense of smell mecha‑
nism is conductive, caused by obstruction of air‑
flow to the olfactory cleft due to inflammation, 
while another is sensorineural, caused by shed‑
ding and degeneration of the olfactory epithe‑
lium or nerves [4, 10]. A recent study in trans‑
genic mice showed that chronic IL-13 exposure 
in the olfactory epithelium is associated with 

https://doi.org/10.6084/m9.figshare.26862922
https://doi.org/10.6084/m9.figshare.26862922


4387Adv Ther (2024) 41:4384–4395	



4388	 Adv Ther (2024) 41:4384–4395

time-dependent neuronal loss [12]. Short-term 
intranasal administration of IL-4 is also associ‑
ated with smell loss [13]. Ultimately, long-term 
inflammation is believed to cause neuroepithe‑
lial remodeling and interference with odorant 
binding [4]. While healthcare interventions 
can make a difference in CRS-associated smell 
loss, it is often under-diagnosed by healthcare 
providers.

Impact and Burden of Smell Loss

Reduced sense of smell can have a substantial 
negative impact on patients’ quality of life 
(QoL), as measured by the 26-item Short Form 
health survey and patient self-assessment [14]. 

Effects can include reduced enjoyment of food 
and difficulty or lack of interest in cooking. Loss 
of smell can also be a safety hazard (e.g., eating 
spoiled food or inability to detect a gas leak), 
and affected individuals may also worry about 
personal hygiene and body odor, which may 
affect their willingness to socialize. Loss of smell 
may also be associated with negative effects on 
mental health, correlating with both depression 
and anxiety in CRS and COVID-19-related loss of 
smell [15, 16]. Among patients attending an oto‑
rhinolaryngology outpatient clinic, those with 
CRS were found to be more likely than non-CRS 
controls to have consulted a family physician for 
depression and/or anxiety, although the differ‑
ence was statistically significant only for CRSsNP 
[17]. Smell is also closely linked with taste, and, 
while the actual sensation of taste (sweet, bitter, 
salty, etc.) may be unaffected in CRS, patients 
are likely to experience reduced flavor percep‑
tion [18, 19]. Importantly, patients may not 
appreciate the consequences of smell loss and 
its effect on mood and food preferences, or its 
relation to taste.

Diagnostic Guidelines

International guidelines define CRSwNP and 
CRSsNP as at least two cardinal symptoms (facial 
pain or pressure, reduction or loss of smell, nasal 
blockage, and nasal discharge) lasting for more 
than 12 weeks [8, 20]. The symptoms of CRS 
overlap partially with allergic rhinitis (AR), an 
immunoglobulin E-mediated inflammatory 
condition, but the two conditions can be dis‑
tinguished by their location, with AR limited to 
the nasal passageway and CRS including inflam‑
mation in the paranasal sinuses [21]. Classifi‑
cation into CRSwNP and CRSsNP is generally 
based on the simple presence or absence of pol‑
yps on endoscopy or imaging [8], although it is 
now apparent that CRS represents a spectrum 
of disease variants, and some guidelines classify 
CRS on the basis of primary versus secondary 
disease, localization, and type 2 versus non-type 
2 inflammation [20].

It is recommended that physicians ask 
patients about reduced sense of smell as part of 
the diagnostic work-up for CRS [22]. However, 

Fig. 1   Inflammation in the nasal cavities in CRS, differ-
entiating between normal and swollen tissue with nasal 
polyps. The peripheral olfactory system in health and dis-
ease. Healthy status: A and B The olfactory epithelium is 
located in the olfactory cleft, in the upper part of the nasal 
cavity. C This olfactory epithelium contains the cell bodies 
of mature and immature olfactory sensory neurons (OSNs) 
generated from horizontal (HBC) and globose (GBC) 
basal stem cells (BSCs). OSN axons exit the olfactory epi-
thelium in fascicles of olfactory fibers projecting the first 
cranial nerve (ICN) through the cribriform plate to olfac-
tory bulbs. C and D Odor transduction occurs in the cilia 
from OSN dendritic knobs where olfactory receptors 
(7-transmembrane domain G-protein-coupled receptors) 
recognize odor molecules through the activation of the 
adenylyl cyclase (AC) pathway and membrane ion chan-
nels. Inflammatory status in CRSwNP: A–E CRS inflam-
mation, with or without nasal polyps, affects the mucosa 
of bilateral paranasal sinuses and nasal cavities, including 
the olfactory cleft and epithelium. F and G Type 2 inflam-
mation (mainly eosinophilic) of the olfactory cleft mucosa 
leads to olfactory epithelium shedding and OSN degenera-
tion as potential causes of the loss of smell. Anti-inflamma-
tory therapy (corticosteroids, biologics, and others) poten-
tially reduces olfactory cleft inflammation and induces 
BSC proliferation and OSN regeneration (dashed arrows), 
causing the partial or total recovery of the sense of smell. 
a-b-g G-protein subunits, ATP adenosine triphosphate, 
cAMP cyclic adenosine monophosphate, Ca++ calcium ion, 
Cl− chloride ion, CRS chronic rhinosinusitis, CRSwNP 
chronic rhinosinusitis with nasal polyps, Na+ sodium ion. 
Reprinted from [10] with permission from Elsevier

◂
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this may not be done as part of the standard 
evaluation, where the focus may be on the most 
apparent symptoms of nasal congestion, rhinor‑
rhea/postnasal drip, and facial pain/pressure. A 
range of methods is available for the assessment 
of sense of smell in patients with CRS (summa‑
rized in Table 1) [23]. One of the most widely 
used instruments in clinical trials is the Smell 
Identification Test (formerly known as the Uni‑
versity of Pennsylvania Smell Identification Test 
[UPSIT]), which comprises four booklets each 
containing 10 odorant strips. Patients’ responses 
are classified from normal to complete absence 
of smell perception. The UPSIT has high reliabil‑
ity and is validated against population norms 
[23, 24]. Another commonly used method in 
clinical trials is Sniffin Sticks [25]. This set of 
12 or 16 felt-tipped ‘pens’ can be used for odor 
discrimination and identification tests, with 
reduced smell defined as a score below the 90th 
centile for the normal population. Unlike the 
UPSIT, Sniffin Sticks cannot be self-adminis‑
tered by the patient and requires the presence 
of a medical assistant who has undergone a 
short training period [25]. A simple alterna‑
tive to UPSIT and Sniffin Sticks is to use a swab 
soaked in 70% isopropyl alcohol [23]. The pad 
is brought toward the patient’s nose until they 

can detect the smell, and the distance from pad 
to nostril is measured.

However, psychometric measures of smell 
loss do not always correlate with the subjective 
impact of smell loss on patients with CRS. More 
broadly, health-related quality of life (HRQoL) in 
CRS can be assessed using the 22-item Sinona‑
sal Outcome Test (SNOT-22), which is a survey 
that includes an item assessing smell and taste 
[26]. The SNOT-22 is a practical tool for the rou‑
tine assessment of the clinical impact of CRS on 
patients [27]. Another patient-reported outcome 
(PRO) instrument available in the management 
of CRS is the Questionnaire of Olfactory Disor‑
ders Negative Statements, which is becoming 
more widely used in outcome studies relating 
to smell loss in CRS [28]. For a simple assessment 
of PROs in CRS, patients can be asked to rate the 
impact of their symptoms on a 100-mm visual 
analog scale, providing a severity score of 1–100. 
Furthermore, a meta-analysis found nasal polyp 
scoring systems were not significantly associated 
with PROs, and that reduction in polyp size did 
not correlate to improved PROs [29]. It is impor‑
tant to note that all clinical smell testing at this 
point is subjective in nature; although we can 
more easily quantify psychophysical measures 
such as these listed above, the biases of subjec‑
tive testing remain. Objective smell testing is 

Table 1   Tools for the evaluation and monitoring of reduced sense of smell, including response to treatment, in patients with 
CRS

QOD-NS Questionnaire of Olfactory Disorders Negative Statements, SNOT-22 22-item Sino-Nasal Outcome Test, UPSIT 
University of Pennsylvania Smell Identification Test, VAS visual analog scale

Evaluation tool Type/format

SNOT-22 smell/taste item Patient-completed questionnaire

QOD-NS Patient-completed questionnaire

VAS for symptoms Patient-completed questionnaire

UPSIT ’Scratch and sniff ’ booklets

 Smell identification test

Sniffin Sticks Set of pen-like odor dispensing devices

 Odor discrimination test
 Odor identification test

Alcohol swab smell test 70% isopropyl alcohol pad
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currently being developed and may be more 
widely available in the future.

Reduced Sense of Smell as a Marker of CRS 
Disease Severity

Studies show that reduced sense of smell in 
patients with CRS is multifactorial [30]. The 
presence of polyps is a key factor: a recent pro‑
spective, multi-institutional case–control study 
found that patients with CRSwNP had impair‑
ments in olfactory threshold, discrimination, 
and identification, whereas those with CRSsNP 
had only an impaired threshold [30]. Multivari‑
ate modeling confirmed the impact of polyp 
status, also identifying older age, diabetes mel‑
litus, and asthma as significant independent 
predictors of smell loss. An association between 
impaired sense of smell and sinus disease sever‑
ity in patients with CRSwNP has been confirmed 
in post hoc analyses of phase drug III trials in 
patients with severe CRSwNP [31]. The degree 
of sinus opacification (particularly anterior 
ethmoid) on computed tomography (CT) scans 
was found to be greatest in patients with the 
most severe impairment of smell, assessed using 
UPSIT, the SNOT-22 smell/taste item, and a 
4-point loss-of-smell scale. Furthermore, reduced 
sense of smell may be the first sign of disease 
recurrence following surgical or medical treat‑
ment [32].

Management of Smell Loss in CRS

Primary medical treatment of CRS involves 
intranasal corticosteroids (INCS) or nasal irri‑
gation [20, 33]. Antihistamines should not be 
prescribed for CRS because evidence to sup‑
port their use is very limited [20]. Similarly, 
the European Position Paper on Rhinosinusitis 
and Nasal Polyps steering committee expressed 
uncertainty about recommending a short 
course of antibiotics, citing a lack of evidence 
supporting their use and frequent gastrointes‑
tinal adverse events such as anorexia and diar‑
rhea [20]. If primary treatment does not lead to 
improvement in symptoms within 6–12 weeks, 
it is recommended that patients be referred for 

an outpatient appointment at an ear, nose, and 
throat clinic.

Secondary treatment options include systemic 
corticosteroids (SCS), polypectomy, and endo‑
scopic sinus surgery (ESS) [33]. Shared decision-
making with the patient and caregivers, and 
presence of comorbidities such as asthma and 
AR are important in the selection of further 
treatment options [34, 35].

It is well known that short courses of SCS can 
significantly improve CRS symptoms and nasal 
polyps [20]. However, the effects are often tem‑
porary [36]. Short courses of oral corticosteroids 
are generally safe and well tolerated, although 
possible short-term side effects include insom‑
nia, mood changes, and gastrointestinal events 
[20]. Importantly, repeated short-term oral corti‑
costeroid use is associated with an increased risk 
of adverse events [37–39].

For patients without adequate medical 
response to treatment, ESS may provide effec‑
tive reduction of CRS symptoms and improve‑
ment in sense of smell, particularly for patients 
with CRSwNP. A randomized prospective study 
comparing ESS with conventional medical man‑
agement found that both groups experienced 
improvements from baseline in cardinal CRS 
symptoms [40]. However, significantly more 
patients who underwent surgery experienced 
complete resolution of thick nasal discharge 
and facial pain/pressure, and nasal congestion 
or blockage compared with medical manage‑
ment alone. The benefits of surgery seemed to be 
largely driven by the presence of nasal polyps; in 
patients with CRSwNP, resolution of all cardinal 
signs of CRS, including smell/taste, was reported 
in significantly more patients who underwent 
ESS compared with medical management. Sur‑
gery can provide disease control for extended 
periods, but nasal polyps often recur: a recent 
meta-analysis found a mean rate of revision sur‑
gery of 16% over 7 years of follow-up [40]. Topi‑
cal high-volume steroid irrigations can prolong 
the benefit of surgery in CRS, although patient 
adherence can be variable [41]. Furthermore, 
there is evidence that patients whose olfac‑
tion does not improve after SCS are unlikely to 
recover smell loss following surgery [36].

A number of biologic agents have been devel‑
oped that target the inflammatory signaling 
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pathways underlying CRSwNP [42]. Dupilumab 
is a monoclonal antibody that inhibits signaling 
of IL-4 and IL-13, which are key and central driv‑
ers of type 2 inflammation. In phase III trials, 
dupilumab on background INCS significantly 
improved olfactory outcomes versus placebo 

as well as nasal polyp score (NPS), nasal con‑
gestion/obstruction, sinus Lund-Mackay CT 
score, and SNOT-22 score (Fig. 2A and D) [43]. 
Improvements were observed as early as 3 days 
for daily patient-reported loss of smell score, and 
at the first post-baseline assessment (2 weeks) 

Fig. 2   Efficacy of biologics on reduced sense of smell 
assessed using UPSIT (A–C) and on HRQoL assessed 
using SNOT-22 (D–F) in phase III clinical trials. Data 
from aBachert et  al. [43]; bGevaert et  al. [45]; cHan et  al. 

[46]. HRQoL health-related quality of life, LS least-
squares, q2w every 2 weeks, q4w every 4 weeks, SNOT-22 
22-item Sino-Nasal Outcome Test, UPSIT University of 
Pennsylvania Smell Identification Test
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for UPSIT, and the proportion of patients with 
anosmia declined from 78% at baseline to 45% 
by week 2 and 28% by week 24 [44]. Similarly, 
phase III trials of the IgE-targeted monoclo‑
nal antibody omalizumab showed significant 
benefits of treatment over placebo in terms of 
UPSIT as well as NPS, nasal congestion, and 
SNOT-22 score (Fig. 2B and E) in patients with 
CRSwNP and an inadequate response to INCSs 
[45]. Omalizumab effects on UPSIT score were 
observed at the first time point assessed (8 
weeks). Mepolizumab is a monoclonal antibody 
that targets IL-5, another cytokine that is upreg‑
ulated in type 2 autoimmunity. In a phase III 
trial in patients with severe CRSwNP refractory 
to prior therapy, mepolizumab was associated 
with significant improvements in UPSIT, NPS, 
nasal obstruction, and SNOT-22 score (Fig. 2C 
and F) compared with placebo. All three biologic 
agents were well tolerated in clinical trials. Com‑
mon adverse events included headaches (7% vs. 
9% dupilumab vs. placebo; 8% vs. 5% omali‑
zumab vs. placebo; 18% vs. 22% mepolizumab 
vs. placebo), nasopharyngitis (13% vs. 15% 
dupilumab vs. placebo; 9% vs. 6% omalizumab 
vs. placebo; 25% vs. 22% mepolizumab vs. pla‑
cebo), asthma (2% vs. 7% dupilumab vs. pla‑
cebo; 4% vs. 12% omalizumab vs. placebo; 2% 
vs. 9% mepolizumab vs. placebo), and injection-
site reactions (6% vs. 8% dupilumab vs. placebo; 
5% vs. 2% omalizumab vs. placebo; 3% vs. 2% 
mepolizumab vs. placebo) [43, 45, 46].

Although there are no direct head-to-head 
studies to date, an indirect treatment compari‑
son of biologic therapy involving 1913 patients 
with CRSwNP found that compared with ben‑
ralizumab, mepolizumab, and omalizumab, 
at 24 weeks dupilumab was associated with a 
greater improvement in loss of smell severity 
[standardized mean difference (95% confidence 
interval): – 1.01 (– 1.65, – 0.37), – 0.59 (– 1.14, 
– 0.33), – 0.66 (– 1.23, – 0.10), respectively]. 
At 24 weeks, dupilumab was associated with 
a greater improvement in SNOT-22 compared 
with benralizumab and mepolizumab, but not 
omalizumab [mean difference: – 16.91 (– 22.52, 
– 11.30), – 7.94 (– 13.91, – 1.97), –3.45 (– 8.57, 
1.66), respectively] [47]. However, limitations of 
this indirect treatment comparison include the 
differing patient baseline demographics between 

trials, and the lack of mean change from base‑
line data in the phase II mepolizumab trial 
[48]. A retrospective cohort study comparing 
dupilumab with ESS in patients with CRSwNP 
showed effective symptom reduction with both 
treatments [49]. There were, however, differ‑
ences between the treatments, with dupilumab 
associated with greater improvements in olfac‑
tion, cough, postnasal drainage, and thick nasal 
drainage than ESS, while ESS was associated with 
a greater reduction in polyp burden.

CONCLUSIONS

Reduced sense of smell is a cardinal symptom 
of CRS and can have a negative impact on 
patient QoL, but it may be under-diagnosed in 
the primary care setting. Furthermore, reduced 
sense of smell can be an indication of CRSwNP 
disease severity, and recovery of smell can be 
an indicator of successful treatment. Systemic 
steroids and ESS are the main second-line thera‑
pies and can be effective in restoring sense of 
smell, but the effects are often temporary, and 
systemic steroids come with an increased risk of 
side effects. Topical steroids delivered via high-
volume irrigation after surgery can prolong the 
benefit of surgery, but patient adherence to 
these regimens can be variable. Biologics have 
been shown to improve the cardinal symptoms 
of CRSwNP including smell, and rhinolaryn‑
goscopy by a specialist is essential before pre‑
scribing biologic agents to treat CRS-associated 
olfactory loss. Biologic agents are effective dur‑
ing treatment but are costly for the payer, and 
CRS symptoms often recur upon cessation [42]. 
Shared decision-making with the patient or car‑
egiver is important to determine the optimal 
treatment approach.
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