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Abstract

Olfactory dysfunction has emerged as a prominent symptom of COVID-19, persisting in a subset of patients even after
recovery. This scoping review aims to explore the potential of intranasal insulin as a treatment modality for persistent
post-COVID-19 olfactory dysfunction. A comprehensive literature search was conducted to gather relevant studies
examining the role of intranasal insulin in treating olfactory dysfunction, particularly in post-COVID-19 cases. Studies
were included investigating intranasal insulin's mechanisms, efficacy, safety, and clinical outcomes. The review syn-
thesizes findings from various studies suggesting the therapeutic potential of intranasal insulin in improving olfactory
function. Research highlights the influence of intranasal insulin on neuroprotection, neurogenesis, and synaptic plas-
ticity within the olfactory system, providing insights into its mechanisms of action.

Furthermore, preliminary clinical evidence suggests improvements in olfactory sensitivity and intensity following
intranasal insulin administration in post-COVID-19 patients with persistent olfactory dysfunction. While initial findings
are encouraging, further rigorous investigations, including clinical trials with larger cohorts, are essential to validate
these observations, ascertain optimal dosage regimens, and establish the safety and efficacy of intranasal insulin. This
review provides a foundation for future research directions aimed at harnessing the therapeutic potential of intranasal
insulin in addressing olfactory dysfunction following COVID-19.

Keywords: Intranasal insulin, Olfactory dysfunction, Post-COVID-19, Regeneration, Neuroprotection

1. Introduction their quality of life and daily functioning.” * This
enduring impairment in olfactory function following

he global Coronavirus disease 2019 (COVID- ~ COVID-19 recovery has drawn attention as a

19) pandemic has presented a multifaceted lingering and often distressing sequelae of the viral
health challenge, manifesting in a spectrum of clinical ~ infection. Amidst the search for viable therapeutic
manifestations that extend beyond the acute phase of ~ Strategies, emerging eV1d.ence has spothghte‘d intra-
infection." Notably, a substantial cohort of individuals ~ hasal insulin as a potential avenue for amellol“at1r51%
recovering from COVID-19 continues to contend with ~ Persistent post-COVID-19 olfactory dysfunction.”
persistent olfactory dysfunction, characterized by Intriguingly, insulin, recognized primarily for its role
anosmia or hyposmia, significantly impacting in metabolic regulation, harbors neuroprotective
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properties that hold promise for mitigating neuro-
logical complications, including impaired olfaction.”

The present scoping review seeks to comprehen-
sively investigate and evaluate the existing literature
about using intranasal insulin as a targeted thera-
peutic intervention for addressing persistent post-
COVID-19 olfactory dysfunction. This review aims to
synthesize and analyze available research studies,
clinical trials, and empirical evidence, thereby delin-
eating the efficacy, safety profile, underlying mecha-
nisms of action, and potential limitations associated
with intranasal insulin therapy in this context.

The intricate interplay between the pathophysi-
ology of COVID-19 and the persistence of olfactory
dysfunction, coupled with the therapeutic potential
of intranasal insulin, underscores the critical need
for a comprehensive understanding of this treat-
ment approach. This scoping review endeavors to
critically appraise current research, serving as a
valuable resource for healthcare professionals, re-
searchers, and clinicians involved in managing
persistent post-COVID-19 olfactory dysfunction. By
elucidating the literature's gaps, strengths, and
limitations, this review aims to facilitate informed
decision-making and stimulate further investiga-
tion, fostering the development of effective in-
terventions for individuals grappling with this
enduring consequence of COVID-19 infection.

2. Methods

The methodology employed for this scoping re-
view involved a literature search of various elec-
tronic databases, including PubMed/MEDLINE,
Embase, Cochrane Library, and Scopus, spanning
publications from inception to November 2023. The
search strategy utilized a combination of keywords
and Medical Subject Headings (MeSH) terms
related to “intranasal insulin,” “post-COVID-19 ol-
factory dysfunction,” “COVID-19 sequelae,” and
“olfactory impairment,” refining search precision
with Boolean operators. Inclusion criteria encom-
passed original research studies, clinical trials, and
observational studies focusing on intranasal insulin
as a therapeutic intervention for persistent post-
COVID-19 olfactory dysfunction. Exclusion criteria
involved conference abstracts and studies unrelated
to intranasal insulin or not specifically addressing
olfactory dysfunction in COVID-19. Two indepen-
dent reviewers (J.M. and A.K.) conducted a rigorous
screening of titles, abstracts, and full texts based on
predefined criteria, resolving disagreements
through discussion and consensus. A standardized
data extraction form was utilized to systematically
extract relevant information from selected studies,

covering study design, participant characteristics,
intervention details, outcomes, efficacy, safety, and
limitations. The scoping review methodology did
not involve a formal quality assessment or risk of
bias analysis. Findings will be synthesized narra-
tively to provide a comprehensive overview of the
existing literature on intranasal insulin's role in
addressing persistent post-COVID-19 olfactory
dysfunction, aiming to highlight patterns, trends,
and gaps in the evidence to guide future research
and clinical considerations.

3. Pathophysiology of olfactory dysfunction
post-COVID-19

The pathophysiology of olfactory dysfunction in
post-COVID-19 recovery involves various factors
affecting the olfactory system. Olfactory dysfunc-
tion, particularly anosmia or hyposmia, has
emerged as a standard and persistent symptom in
individuals following COVID-19 infection.' Several
mechanisms contribute to the olfactory dysfunction
observed in post-COVID-19 patients. Fig. 1 high-
lights the involved mechanisms of olfactory
dysfunction after COVID-19 infection.

3.1. Viral invasion and damage

The entry of Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) into the body's cells in-
volves a complex process facilitated by the spike
protein on the virus and the angiotensin-converting
enzyme 2 (ACE2) receptors on the surface of human
cells.” While the respiratory tract is a primary site of
infection, ACE2 receptors are expressed in various
tissues throughout the body, including the olfactory
epithelium, which lines the nasal cavity and is
responsible for detecting smells. Viral particles can
contact cells in the nasal cavity upon inhalation,
including the olfactory sensory neurons and sup-
porting cells.” These olfactory cells, expressing ACE2
receptors, become susceptible to viral invasion. The
spike protein on the surface of the SARS-CoV-2 virus
binds to ACE2 receptors on the cell membrane,
facilitating the entry of the virus into these cells.'’
Once inside, the virus replicates and may induce
cellular damage through several mechanisms. This
viral replication can trigger an inflammatory
response in the olfactory epithelium, leading to
increased production of cytokines and chemokines,
signaling molecules that attract immune cells to the
site of infection.'" This inflammation can cause
swelling, disrupt normal cellular function, and ulti-
mately result in cell death or damage. The damage
inflicted upon the olfactory sensory neurons and
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Fig. 1. Mechanism of olfactory dysfunction in SARS-CoV-2.

supporting cells can disrupt the normal functioning of
the olfactory system.'? Olfactory sensory neurons are
responsible for detecting odor molecules, and any
impairment or loss of these neurons can lead to
anosmia or hyposmia, affecting an individual's ability
to smell or perceive odors.””> Furthermore, the dam-
age caused by the virus may extend beyond direct cell
destruction. It can lead to alterations in the olfactory
epithelium's microenvironment, affecting the regen-
erative capacity of the olfactory sensory neurons and
hindering the standard repair mechanisms.

3.2. Neuroinflammation and olfactory bulb
involvement

When infected with SARS-CoV-2, the immune
system responds by mounting an inflammatory re-
action to combat the virus.'* This immune response,
which involves the release of cytokines and other in-
flammatory mediators, is essential for fighting the
infection. However, in some cases, this response can
become dysregulated, leading to excessive inflam-
mation throughout the body, including the central
nervous system (CNS), a phenomenon commonly
referred to as neuroinflammation.'” *’ COVID-19 has
been associated with neurological manifestations,

suggesting that the inflammatory response triggered
by the virus can extend to the CNS.”' The olfactory
bulb, located at the front of the brain, plays a pivotal
role in processing olfactory information received from
the olfactory sensory neurons in the nasal cavity.”” It
acts as a relay station, transmitting these signals to
higher brain regions responsible for interpreting and
identifying smells. In neuroinflammation cases, in-
flammatory molecules and immune cells can infiltrate
the olfactory bulb.”® This inflammatory response
within the olfactory bulb can disrupt its normal
function. The inflammatory process may lead to
structural changes, neuronal damage, or alterations in
the neural circuitry involved in olfactory signal
transmission.”*

Due to this inflammation in the olfactory bulb, the
transmission of olfactory signals from the olfactory
sensory neurons to the higher brain centers can be
disrupted or impaired. This disruption in signal
transmission interferes with the brain's ability to
interpret and process olfactory information accu-
rately, resulting in olfactory dysfunction.”” Further-
more, the inflammatory milieu within the olfactory
bulb may interfere with the regenerative capacity of
neurons or affect the supportive cells, impacting the
repair mechanisms crucial for maintaining normal
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olfactory function.” It's important to note that while
neuroinflammation and involvement of the olfac-
tory bulb in COVID-19-related olfactory dysfunction
are plausible mechanisms, the exact extent and
specific pathways through which SARS-CoV-2 af-
fects the CNS and olfactory bulb require further
investigation.”” Nonetheless, understanding the
potential impact of neuroinflammation on the ol-
factory system sheds light on the complex mecha-
nisms  underlying post-COVID-19  olfactory
dysfunction and highlights the importance of
addressing neuroinflammatory processes in thera-
peutic approaches to restore olfactory function.”®

3.3. Disruption of olfactory neural pathways

The olfactory system comprises a complex
network of neural pathways that facilitate the
transmission of olfactory information from the nasal
cavity to higher brain regions responsible for pro-
cessing and interpreting smells.”” This intricate
pathway involves a series of events starting with
detecting odorant molecules by olfactory sensory
neurons located in the olfactory epithelium of the
nasal cavity. Upon exposure to odorants, olfactory
sensory neurons initiate an electrical signal that
travels along their axons through the cribriform
plate, a bony structure in the skull, and reaches the
olfactory bulb—a specialized structure at the base of
the brain. In the olfactory bulb, these signals are
processed, refined, and transmitted to inter-
connected brain regions, such as the olfactory cor-
tex, limbic system, and higher cortical areas
responsible for odor identification, memory, and
emotional responses.”’ The disruption caused by
viral-induced damage or inflammation can affect
the neural connections and synaptic transmission
within the olfactory system.”’ This interference in
neural circuitry may disrupt the precise coding and
interpretation of olfactory signals, leading to a dis-
torted perception of smells or a diminished sense of
smell. The consequence of these disruptions in ol-
factory neural pathways is the impairment of the
brain's ability to interpret and process olfactory
signals accurately.”” Consequently, individuals
recovering from COVID-19 may experience a loss,
reduction, or alteration in their sense of smell,
contributing to anosmia, hyposmia, or dysosmia.

4. Role of intranasal insulin in
neuroprotection and regeneration

Beyond its primary role in glucose metabolism,
insulin has been recognized for its potential neu-
roprotective effects, particularly in modulating

inflammatory responses within the brain.*” In viral
infections such as SARS-CoV-2, the virus can induce
an inflammatory cascade within the central nervous
system, contributing to neuroinflammation that may
lead to neuronal damage and dysfunction.”* Insulin
receptors are abundantly expressed in various brain
regions, including those involved in olfactory pro-
cessing.”> Upon activation, these receptors can
trigger signaling pathways that affect inflammatory
processes within the CNS. Insulin's anti-inflamma-
tory properties have been observed through several
mechanisms.*®

Insulin has been shown to modulate the produc-
tion and activity of pro-inflammatory cytokines and
chemokines in the brain.”” It can downregulate the
expression of inflammatory mediators such as
tumor necrosis factor-alpha (TNF-o), interleukin-1
beta (IL-1B), and interleukin-6 (IL-6), which are
often elevated in neuroinflammatory conditions.’®
Microglia, the resident immune cells in the brain,
play a crucial role in the brain's immune response.’”
Insulin can modulate microglial activation, reducing
their pro-inflammatory responses and preventing
the release of cytotoxic substances that can harm
neurons during inflammation.”’ Insulin's anti-in-
flammatory effects are often linked to its ability to
counteract oxidative stress. By reducing the pro-
duction of reactive oxygen species (ROS) and
enhancing the activity of antioxidant defense
mechanisms, insulin can mitigate oxidative damage
to neurons induced by inflammatory processes.”'
Insulin may help maintain the integrity of the
blood—brain barrier (BBB), the protective barrier
that regulates the passage of substances between
the bloodstream and the brain.*” Preserving BBB
integrity prevents inflammatory cells and molecule
infiltration into the brain parenchyma. Fig. 2 illus-
trates the mechanism of neurogenesis with insulin.

5. Literature review

The sudden loss of smell has emerged as a
distinctive and prominent symptom of SARS-CoV-2
infection. Studies indicate that individuals reporting
this sudden loss of smell are significantly more
likely—17 times more—to test positive for COVID-
19 compared to those without this specific symp-
tom.*’ Olfactory dysfunction in COVID-19 patients
varies widely, ranging from 8% to 85%, influenced
by factors like age, health status, and virus variants.**
Although many individuals typically recover their
sense of smell within a month after contracting
COVID-19, some experience persistent olfactory is-
sues. Research suggests that around a quarter of
patients face olfactory dysfunction even after six
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months  post-infection.”” As the SARS-CoV-2
pandemic extends, concerns are mounting regarding
chronic olfactory dysfunction persisting beyond six
months, posing a potential public health challenge.
Estimates indicate a significant increase in the
number of individuals affected, with approximately
700,000 to 1.6 million people in the United States
now grappling with this condition—a relative rise
from 5.3% to 12% in the population.*

In a prospective interventional cohort study
involving sixteen volunteers experiencing persistent
olfactory dysfunction after SARS-CoV-2 infection,
intranasal administration of neutral protamine
Hagedorn (NPH) insulin demonstrated potential as
a treatment for recalcitrant anosmia or severe
hyposmia unresponsive to standard therapies.” The
study evaluated olfactory function using the Che-
mosensory Clinical Research Center test of olfaction
(COT) before and after the intervention, consisting
of placing NPH insulin-soaked gelatin sponges into
each olfactory cleft twice weekly for a month. Re-
sults showed significant improvements in qualita-
tive, quantitative, and global COT scores (an
increase of 1.53, 2.00, and 2.01 points, respectively),
indicating enhanced olfactory function. Addition-
ally, glycaemic blood levels decreased, suggesting
the intervention's safety and tolerability.

Another study aimed to assess the effectiveness of
intranasal insulin in treating hyposmia, a condition
characterized by a reduced sense of smell, for which
there are currently limited treatment options.® Con-
ducted as a double-blinded, randomized controlled
trial, the research involved 38 participants meeting
specific criteria for hyposmia. Subjects were
randomly assigned to receive either intranasal insu-
lin gel foam or a saline-soaked gel foam (placebo)
placed in the olfactory cleft through an endoscopic
procedure, repeated twice weekly for four weeks.
Olfactory function was evaluated using the Con-
necticut Chemosensory Clinical Research Center
score before and after treatment. The study revealed
a notable improvement in the olfactory sense among
participants receiving intranasal insulin compared to
the placebo group after four weeks, with no reported
adverse effects in either group. These findings sug-
gest that intranasal insulin administration at 40 IU
could enhance olfactory function without significant
side effects in this small cohort.

In another study, investigators explored the impact
of intranasal insulin on olfactory function in ten pa-
tients experiencing post-infectious olfactory loss.”
Previous research has suggested connections be-
tween intranasal insulin application and improved
memory, reduced food intake, and heightened
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olfactory thresholds in healthy individuals. Addi-
tionally, certain health conditions associated with
central nervous system insulin resistance, like type II
diabetes, Alzheimer's disease, and obesity, have
shown links to impaired odor recognition. Our study
involved administering 40 IU of intranasal insulin or a
placebo to these patients and conducting olfactory
performance tests before and after administration.
After insulin administration, the results immediately
enhanced olfactory sensitivity, intensity ratings, and
odor identification accuracy. Notably, patients with
higher body mass index showed improved perfor-
mance in identifying odors. These findings highlight
the potential relationship between cerebral insulin
levels and impaired sense of smell.

6. Safety profile of intranasal insulin

The safety profile of intranasal insulin has been a
subject of interest, particularly concerning potential
adverse effects associated with its administration.
While research has indicated promising therapeutic
benefits in various conditions, including olfactory
dysfunction, understanding its safety is crucial.
Studies evaluating intranasal insulin have generally
reported a favorable safety profile."” Commonly
noted adverse effects are mild and transient, pre-
dominantly involving local reactions at the admin-
istration site, such as nasal irritation, itching, or mild
discomfort.”® These effects tend to diminish with
continued use and are often well-tolerated. How-
ever, some individuals may experience less com-
mon adverse effects, including mild headaches,
alterations in taste perception, or nasal congestion.
Systemic side effects are rare but have been re-
ported in some cases, such as changes in blood
glucose levels, particularly in individuals predis-
posed to hypoglycemia.*’

Additionally, individuals with underlying medical
conditions, such as diabetes or other metabolic
disorders, might require careful monitoring due to
the potential influence of intranasal insulin on blood
glucose levels. It's important to note that intranasal
insulin's safety and adverse effect profile may vary
depending on factors such as dosage, frequency of
administration, individual sensitivity, and underly-
ing health conditions.”® Therefore, careful moni-
toring and proper medical supervision are essential
when considering intranasal insulin as a therapeutic
intervention.

7. Future directions

One critical area for future research involves
determining the optimal dosage, frequency, and

duration of intranasal insulin administration to
maximize its efficacy while minimizing potential
side effects. Rigorous clinical trials with larger
sample sizes and extended follow-up periods are
needed to establish this therapy's long-term safety
and sustained effectiveness. Investigating how
intranasal insulin affects different patient pop-
ulations and identifying specific subgroups that may
benefit most from this treatment will be crucial in
advancing personalized medicine approaches for
olfactory dysfunction. Moreover, bridging the gap
between research findings and clinical application is
essential. Developing standardized protocols and
guidelines for healthcare practitioners could facili-
tate the effective implementation of intranasal in-
sulin therapy in treating olfactory dysfunction.

Additionally, exploring combination therapies
that integrate intranasal insulin with other modal-
ities, such as rehabilitation techniques or adjunct
medications, may offer synergistic effects, poten-
tially enhancing olfactory recovery in affected in-
dividuals. Beyond olfactory dysfunction, exploring
the broader application of intranasal insulin in
related neurological conditions, such as neurode-
generative diseases or metabolic disorders, could
reveal its potential as a disease-modifying inter-
vention. Efforts to translate research findings into
clinical practice are vital to expand treatment op-
tions and improve the quality of life for individuals
affected by olfactory dysfunction and related
neurological issues. Overall, continued research ef-
forts and comprehensive investigations are neces-
sary to unlock the full therapeutic potential of
intranasal insulin in addressing olfactory dysfunc-
tion and associated neurological disorders.

8. Conclusion

In conclusion, intranasal insulin emerges as a
promising therapeutic avenue for addressing olfac-
tory dysfunction, offering potential improvements in
olfactory sensitivity and intensity ratings among in-
dividuals experiencing post-infectious olfactory loss.
This review highlights immediate enhancements in
olfactory performance following intranasal insulin
administration, suggesting its influence on olfactory
sensitivity and odor identification accuracy. The
findings underscore the possible connection between
cerebral insulin levels and impaired sense of smell,
providing valuable insights into the mechanisms un-
derlying olfactory loss. These insights pave the way
for future research endeavors to refine treatment
protocols and leverage intranasal insulin as a poten-
tial therapeutic intervention for individuals grappling
with persistent olfactory challenges.
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