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index: A pilot study*
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Abstract

Background: The application of intranasal insulin in healthy humans has been linked to improved memory function, reduced
food intake, and increased olfactory thresholds. There has also been some correlation between the morbidities associated with
central nervous system (CNS) insulin resistance, such as type Il diabetes mellitus, Alzheimer’s disease, obesity, and impaired odour
recognition. Given that impaired odour recognition is an important component of olfactory performance, mechanisms that
govern these effects may account for impaired olfactory functions in anosmic patients.

Methodology: Ten patients with post-infectious olfactory loss received intranasal administration of 40 U insulin or a placebo
solution, as well as olfactory performance tests before and after administration.

Results: When administered insulin, patients exhibited an immediate performance improvement with regard to olfactory sensiti-
vity and olfactory intensity ratings. In addition, more odours were correctly identified. Furthermore, an improvement in the odour
identification task was detected in patients with higher body mass index.

Conclusion: Results of this pilot study shed light on the link between cerebral insulin level and an impaired sense of smell. This
research line might provide a better understanding of olfactory loss in relation to eating and dietary behavior, and could offer op-

portunities to develop faster therapeutic intervention for patients with olfactory dysfunction.
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Introduction and dysfunction are infections of the upper respiratory tract,
The sense of smell has been shown to be affected by several which were most commonly caused by inflammatory diseases of
neurological diseases (multiple sclerosis, epilepsy) and was the nose/paranasal sinuses (53%), respiratory dysfunction (19%),
proposed to serve as a primary indicator for the occurrence of or postviral conditions (11%) ©¢. The loss of the sense of smell or
Alzheimer’s and Parkinson’s disease (e.g., see ). Population- functional deficits in olfactory processing are of major concern
based studies of olfactory loss indicate a prevalence of 22% for healthcare professionals, as these conditions have been
between 25-75 years of age @, 19% for over 20 years old @, or associated with reduced quality of life and personal safety in af-
24% for subjects over 53 years of age @, with the highest pre- flicted patients “. About 79.000 patients are treated for example

valence in older men. The most frequent cause of olfactory loss in Germany for olfactory dysfunction every year (which is an
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average of 46 patients per hospital), the majority of which report
of sinunasal diseases as cause for their olfactory loss ©.

Recently, olfactory training was developed presenting a pro-
mising therapeutic approach with which to improve olfactory
skills in anosmic patients (especially those with post-infectious
anosmia ©®9), but also in patients with Parkinson’s disease %, This
olfactory training method involves asking anosmics to sample
an array of odours several times a day for several weeks. Olfac-
tory training has been proven to increase olfactory performance
in anosmics in a randomized, controlled, multicenter study V.
However, this intervention is time-consuming for both patients
and caregivers, and requires extensive medical resources. This
clearly shows that there is still a dire need to establish treat-
ments that are easy to implement in the patients’ daily routine
and that are highly cost-effective.

Insulin signaling has been implicated in olfactory function both
directly, via receptors expressed on mitral cells in the olfac-
tory bulb "2, and indirectly, via a role in neural protection or
regeneration of the olfactory mucosa 2. Insulin receptors are
omnipresent in the human brain, including primary olfactory
regions like the olfactory bulb "%, Thus far, enhanced central
nervous system (CNS) insulin signaling in healthy humans

has been linked to improvements in memory functions '; for
review, see 19'7), reduced food intake, and increased olfactory
thresholds ®'9. Further, linking odour and memory processing,
Briinner et al. recently revealed an odour-cued delayed recall of
spatial memories independent of odour type (food or non-food)
0. Given that there is a link between morbidities associated
with CNS insulin resistance, such as type Il diabetes mellitus,
and Alzheimer’s disease, obesity, and anorexia nervosa (17212
and impaired odour recognition ?*?7, it could be that similar
mechanisms may account for impaired olfactory functions in
anosmic patients. Further, this provides a strong rationale for
hypothesizing that enhanced CNS insulin signaling through
intranasal insulin may help to improve olfactory functions in
anosmic patients, although there is evidence to the contrary
that has been obtained in healthy normosmic adults 8.

The present study aimed to investigate the effects of a single
intranasal insulin application in anosmic patients. Previous
studies have already found a correlation between body weight,
body mass index (BMI), and olfactory performance in different
experimental settings @29, Furthermore, patients with olfactory
loss report alterations of dietary behavior and show a nega-

tive correlation of BMI and olfactory function ?¥. As it is not
known whether a causal correlation underlies this interrelation,
particular attention was paid to the interaction of body weight,
cerebral insulin levels, and olfaction.
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Materials and methods

Experimental protocol

All subjects were invited to participate in a study consisting of
four testing sessions. A schematic description of the test proce-
dures is provided in Figure 1. Throughout the manuscript, we
will refer to those four testing sessions as t1 for the first olfactory
performance session and ENT screening, t2 for intranasal insulin
application and olfactory performance test, t3 for olfactory
performance testing, and t4 for intranasal NaCl application and
olfactory performance testing. The study was conceived and
conducted by the investigators at the Medical University of
Vienna, who collected and analyzed the data.

Compliance with ethical standards

The study protocol was approved by the ethics committee of the
Medical University of Vienna, Austria (http://www.meduniwien.
ac.at/ethik). All experimental procedures were performed in ac-
cordance with the Declaration of Helsinki (2003)), including cur-
rent revisions, the Austrian Arzneimittelgesetz and the EC-GCP
guidelines. All participants provided written, informed consent
prior to inclusion in the study. All authors warrant the accuracy
of the study and the completeness of the data and analysis.

Patients

Ten anosmic patients with post-infectious olfactory loss (infecti-
ons of the upper respiratory tract) were included in this study. To
determine the cause of olfactory loss, all patients were exa-
mined by an ENT, which included an endoscopic examination of
the nasal cavity. The patients did not suffer from acute sinunasal
diseases and did not take any medication known to interfere
with sensory perception. Patients with chronic sinusitis, acute
allergic rhinitis, polyposis nasi or any other severe deviation

of the nasal cavity were excluded. Furthermore, patients with
history of severe head trauma or nasal surgery (e.g. nasal polyps,
septoplasty) were not included in our study sample. Sociodemo-
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Figure 1. Schematic description of the experimental procedure. Ten
anosmic patients were included for measurement time points, t1 and t2.
Seven of ten agreed to participate for the control conditions, t3 and t4.
All four testing sessions included the same protocol of olfactory perfor-
mance tests: assessment of a TDI-score using the Sniffin’ sticks test bat-

tery, hedonic, and intensity ratings.



Table 1. Sociodemographic data and olfactory performance score of all

patients at the first baseline assessment (t1, see Figure 1).

Patients (n=10)

Age (median, range) 46.5 yrs (22 - 56 yrs)

Gender (m/f) 7/3

Average disease duration

(median, range) el =2

Average body mass index

2 -
(BMI; median, range) 27.15 kg/m? (21.56 - 36.33)

Average TDI score

(median, range) 12.50 (10 - 16.25)

Average Threshold score

(median, range) En (il =g
Average DlsFrlmlnatlon score 7.50 (6-9)
(median, range)
Average Identification score 450(2-7)

(median, range)

Table 2. Individual data for age, BMI values, disease duration and cause

of disease.

Disease
Cause of disease duration
((LRA)]
0 m 42 3633 Iecurentacute 30,00
sinusitis
02 f 43 2346  severe common cold 1.00
03 f 45 21.56 acute sinusitis 8.00
04 m 43 26.86 acute sinusitis 1.50
05 m 54 29.39 mild common cold 4.00
06 m 50 28.73 acute rhinitis 6.00
07 m 51 26.67 acute rhinitis 10.00
08 m 48 27.44 acute rhinosinusitis 2.00
09 f 22 22.31 severe common cold 3.00
10 m 56 31.88  severe common cold 2.00

graphic data and olfactory performance of all participants are
presented in Table 1. Patients had no history of mental illness or
head surgery. Individual information on cause of disease is given
in Table 2.

Olfactory Performance Test (t1-t4)
To assess olfactory performance, all subjects were clinically
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examined to exclude any airway blockages, and subsequently
underwent testing using the Sniffin’ Sticks test battery (Burghart
Instruments, Wedel, Germany). All tests were carried out using

a standardized computerized test protocol ®. The original
Sniffin’ Sticks test includes three subtests that measure nasal
chemosensory function using pen-like devices for odour presen-
tation: the odour threshold; odour discrimination; and odour
identification tests @39, Detection thresholds of n-butanol were
determined using a single-staircase, three-alternative, forced-
choice (3-AFC) procedure, i.e., subjects were presented with
three sticks and had to decide which one contained n-butanol.
Odour discrimination was tested using 16 triplets of odorants,
again presented as a 3-AFC procedure, i.e., subjects again were
presented with three sticks and had to indicate which one
smelled differently. The odour identification test consisted of 16
commonly known every day odours and used a multiple-choice
answering format with four odours each. This standard olfactory
testing procedure was extended by the assessment of odour
intensity and hedonics for all odours of the identification test.
Therefore, all patients were asked to rate the hedonic valence
and intensity of the 16 odours presented during the identificati-
on test on a nine-point-scale, with 1 reflecting a pleasant smell/
weak intensity and 9 representing an unpleasant smell/strong
intensity. Patients who did not detect an odour during exposure
were asked to report “no odour perceived.” All olfactory tests
were carried out bi-rhinally and results of the subtests were
summed to arrive at the so-called TDI score ?°39, Further details

about the olfactory performance tests can be found elsewhere
(29,30)

Intranasal application (t2, t4)

After ENT screening and the first olfactory performance mea-
surement (t1), patients received two puffs of liquid insulin per
nostril (t2); one puff comprised 0.1 ml insulin, resulting in a total
dose of 0.4 ml, equaling 40 IU (Actrapid; Novo Nordisk, Mainz,
Germany). Olfactory performance measures were accomplished
about 30 minutes after application “®, as the insulin level in the
cerebrospinal fluid has been shown to peak after this time pe-
riod ®V. Immediately after insulin application, all patients were
asked to report any alteration of their sensual perception in the
nose. The last food intake took place at least one hour prior to
the insulin application. Blood testing was not performed due to
the ethical constraints of the local ethics board. Patients were
then invited for a third appointment one year (mean, 55 weeks;
range, 26-93 weeks) after the intranasal insulin application for
olfactory performance testing (t3), followed by the fourth ap-
pointment (t4) to receive the placebo condition with two puffs
of saline per nostril; one puff comprised 0.1 ml saline, resulting
in a total dose of 0.4 ml. Ten of 10 patients agreed to participate
in the t3 and t4measurements.
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Table 3. Individual data for olfactory performance measures in all testing sessions. A minimum of 0 and a maximum of 16 are possible for threshold,

discrimination and identification scores. The resulting TDI score thus ranges between 0 and 48. For each subject increase/decrease/no difference for

threshold, discrimination, and identification levels are marked for insulin and sodium chloride application, respectively. For column t2-t1 and t4-t3:

improvement in olfactory performance is marked with red arrows pointed up, decrease with blue arrows pointed down and no difference with yellow

equal signs.

t, (Baseline 1) t, (Insulin)

DI T

D T D

1.00 6.00

5.00
02 13.00 1.00 800 400 825 125 6.00 1.00

03* 700 100 200 400 1225 225 800 200

04* 1425 125 800 5.00 1800 4.00 9.00 5.00

05 1425 125 700 6.00 1975 6.75 6.00 7.00

06 1000 1.00 6.00 3.00 13.00 1.00 8.00 4.00

07 1625 125 800 700 1125 125 7.00 3.00

08* 925 125 400 400 16.00 1.00 10.00 5.00

09 1500 1.00 9.00 500 600 1.00 500 0.00

10 1100 100 800 200 1225 125 7.00 4.00

*These patients did not participate in test sessions t3 and t4.

Statistical analysis

Statistical analyses were performed using the Statistical Package
for the Social Sciences (IBM SPSS Statistics 20.0). Due to a viola-
tion of normal distribution, data were analyzed using nonpara-
metric tests. To compare the olfactory performance measures

at the four testing sessions, a Friedman test was performed. For
the comparison of the hedonic and intensity ratings, a Wilcoxon
signed-rank test was performed. Correlations were computed
using the Spearman’s rho (p). The alpha level for all statistical
tests was set to 0.05 for two-tailed testing.

Results

In a first step, we compared olfactory measures for intranasal
insulin application (t2) to the first baseline measurement (t1) by
using alteration rates. After intranasal insulin application (t2), 6
of ten patients (60%) revealed an improved odour threshold (im-
proved sensitivity, threshold decrease) (mean difference for t1
and t2 for all 10 subjects: 1.00) and a marginal improvement in
the discrimination task (mean difference: 0.70). Further, a decline
in identification performance was detected (mean difference:
-0.70). Detailed individual results are presented in Table 3.

In a next step, the four time points were directly compared.
Direct comparison for all four time points (t1-t4) for olfactory
measures identification, threshold, and discrimination separa-
tely, and combined with the TDI score, revealed no significant
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t, (Baseline 2) t, (NacCl)

T D T D

differences (identification: p = 0.930; threshold: p = 0.081; discri-
mination: p =0.314 and TDI score: p = 0.627).
In a third step, we compared olfactory measures for NaCl ap-

plication (t4) to the second baseline measurement (t3) by using
alteration rates. After intranasal application of sodium chloride
(t4), two of seven patients (28.58%) achieved a more sensitive
odour threshold (mean difference for t3 and t4 for all seven
participants: -0.32), an improvement in the odour discrimination
task (mean difference: 1.71), and a decrease in the odour identi-
fication task (mean difference: -0.71). Detailed individual results
are presented in Table 3.

Next, we compared the results of placebo and insulin con-
ditions, by using alteration rates to correct for differences in
baseline measurements comparing t2-t1 for insulin and t4-t3
for placebo. Olfactory measurement values for the differences
between the placebo and insulin conditions are depicted in
Figure 2 and individual results are presented in Table 3.

Analysis of the intensity ratings revealed that odours were
perceived significantly more intensely after insulin compared to
placebo administration (p = 0.043, Figure 3), whereas hedonic
ratings did not change significantly (Figure 4). Due to correlati-
ons for body weight and body mass index (BMI) and olfactory
performance in different experimental settings ®-2, we also
investigated whether the BMI could be a predictor for olfactory
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Figure 2. Olfactory performance measures for difference t1 and t2 and differences from t3 and t4. Due to the small sample size, statistical comparison

between the placebo (t3 and t4) and insulin (t1 and t2) conditions was not possible. This figure visualizes the group-wise effects for the insulin condi-

tion compared to the placebo condition: patients’ sensitivity was increased after insulin, whereas it was decreased after saline chloride. Medians are

marked for all variables.

performance measures in our test setup. Individual measures of
BMI are given in Table 2. There was a highly significant correla-
tion between the patient’s BMI and the results on the identifi-
cation task and the TDI score after insulin administration (TDI: p
=0.821, p = 0.023; identification: p = 0.909, p = 0.005). The cor-
relation for the other olfactory performance measures (discrimi-
nation and threshold) and BMI were not significant (threshold:

p =0.458, p =0.301; discrimination: p = 0.543, p = 0.208). The
same analysis could not be performed for olfactory performance
measures from the placebo application, as only seven patients
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Figure 3. Comparison of intensity ratings of the identification test.
Intensity of the 16 odours presented during the identification test was
rated on a nine-point-scale, with 1 reflecting weak intensity and nine
representing strong intensity. Patients who did not detect an odour dur-
ing exposure were asked to report “no odour perceived.” In the diagram,
the comparison of the changes between insulin application at the base-
line measurement (t2 vs t1) and saline application at the baseline meas-
urement (t4 vs t3) are shown. Medians are marked for all variables.

* statistically significant, p = 0.043.

were included in the placebo measurement.

Due to a broad variety of disease duration in our study sample,

a correlation between disease duration and the effect of insulin
application on the sense of smell was computed. Individual
disease duration can be found in Table 2. No significant correlati-
on was obtained between the duration of olfactory dysfunction
and the difference in TDI between t2 and t1 (TDI: p =-0.006, p =
0.987; threshold: p =-0.087, p = 0.811; discrimination: p = 0.269,
p =0.452; identification: p=0.114, p = 0.753).

2,5
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Figure 4. Comparison of hedonic ratings of the identification test.
Hedonic ratings of the 16 odours presented during the identification
test were acquired on a nine-point-scale, with 1 reflecting a pleasant
smell and 9 representing an unpleasant smell. In the diagram, the com-
parison between the changes in insulin application, compared to that
at the baseline measurement (t2 vs t1) and saline application at the
baseline measurement (t4 vs t3), are shown. Medians are marked for all

variables.
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Discussion

This clinical pilot study involved the investigation of intranasal
insulin on olfactory performance measures in patients with
anosmia. Sixty percent of the patients who were administered
insulin exhibited an immediate performance increase with
regard to olfactory sensitivity, and subjective intensity ratings
of odours increased significantly. A descriptive analysis of the
individual ratings also showed that identification scores decre-
ased after insulin administration. This might seem controversial
because patients exhibited an improvement in sensitivity, yet
also showed a decrease of identification and discrimination
ratings. However, this can be explained by the differing degree
of task difficulty. Further, odour sensitivity has been reported
to be a more peripheral measure of olfactory processing, while
odour identification and discrimination are rendered as more
central and part of the higher cognitive olfactory processes 2.
Itis possible that the diverse processing steps are differentially
influenced by an intranasal insulin application. This might be
linked to long disease durations that result in difficulties of
naming and discrimination of smells due to excessive demands
of odorous impressions in the clinical test battery. Disease
duration, however, had no influence on the effect of intranasal
insulin on olfactory performance in our sample.

Our results are contradictory in comparison to existing studies in
healthy humans "#'9in whom an application of intranasal insulin
evoked a decrease of olfactory sensitivity in comparison to the
placebo condition. Of course, we cannot be sure whether this ef-
fect was attributable to the small number of patients who came
back for the placebo testing. One explanation for our finding
could be a“floor effect” within the impaired olfactory system. In
other words, patients already had such a low olfactory sensiti-
vity during the baseline measurement that a negative effect of
insulin cannot be measured using this method of evaluation.
Especially in the mouse model, olfactory performance measures
have been extensively investigated and are known to be influen-
ced on a metabolic level by various molecules, such as ghrelin,
insulin, and leptin, which are the modulators responsible for
regular cycles of food intake 3. These findings correspond to
the effect discovered in this pilot study, which was the relations-
hip between BMI and odour identification ability, post intranasal
insulin application, which was highly significant. We found that
the higher the BMI was, the better patients performed in the
identification task immediately after insulin application, and this
was not the case for the saline application.

The ability of intranasal insulin to bypass the blood-brain-barrier
has already been discovered %, Insulin is extracellularly trans-
ported by the axons of the olfactory nerve through the lamina
cribrosa to reach the olfactory bulb and is then distributed to
other brain areas. This process enables an increase of insulin

levels in the cerebrospinal fluid in as little as 20 to 30 minutes
after intranasal application "\ It is known that insulin receptors
of the CNS play an important role in signal transduction and
processing, such as processing of emotions, working memory,
language, ingestion, and chemosensory perception. Therefore,
insulin receptor densities and receptors of the insulin-like-
growth-factors (IGF) are higher in specific areas, including the
frontal cortex, the hippocampus, and the amygdala 7). Patients
with pre-obesity and obesity suffer from insulin homeostasis
changes. The lack of insulin manifests as a reduced sensitivity

of the insulin receptor—so-called insulin resistance—which is
correlated with serine phosphorylation of the insulin-receptor-
substrate-1 (IRS-1pSer) with the consequent decreased signal
transduction and a quantitatively decreased insulin receptor.
This effect also manifests in pre-diabetic metabolism, as well

as in type Il diabetes. These central changes of insulin metabo-
lism can even be assessed as reduced theta activity, using EEG
07, Patients with type Il diabetes also suffer from decreased
olfactory function 2. These mechanisms plausibly contribute

to a BMI-correlated effect of odour identification ability. It has
been reported that the ability to correctly identify odours has
been both positively ¥ and negatively ©® correlated with BMI

in subjects older than 65. Also, morbidly obese patients show
decreased olfactory acuity and are significantly more likely to
develop anosmia ©73%, These and other studies collectively ap-
pear to indicate that obesity increases the detection threshold
of odours, while severe obesity increases the risk for anosmia 2.
A limiting factor of this study is the small sample size, the small
body weight range, and non-randomized testing. Due to the
small sample size, statistical testing was not valid in most cases,
and only a description of the individual test measures was pos-
sible. Future investigation should therefore focus on the effect
duration and reproducibility within subjects. In the presented
study, patients were instructed not to eat one hour prior to the
testing session and the time between the last food intake and
the testing session, as well as a subjective hunger/satiety rating,
were recorded. Although both variables were not correlated
with the effects of insulin administration on olfactory perfor-
mance, future studies should investigate the interaction effect of
insulin administration and smell performance levels with regard
to fasting in anosmics. Due to the results of the presented study,
further investigation of patients with olfactory dysfunction (mild
and strong hyposmia, anosmia) with a broader BMI range will be
required to clarify the effect of insulin on olfactory performance.
A future challenge will be to investigate the mechanisms behind
the correspondence of nutritional and metabolic states in rela-
tion to olfactory function. As smell is an important component
in food intake and regulation, investigations about how internal
and external metabolic signals could modulate these measures
are needed.
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With regard to future forms of therapy for olfactory dysfunction,
the question arises of how olfactory memory performance

might be affected by intranasal insulin in patients with olfactory
dysfunction. As olfactory awareness is positively associated with

Insulin influences olfactory performance in anosmics

odour memory 9, and odour memory is influenced by intra-

nasal insulin application ©%, this might be a promising area of

investigation.
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ANNOUNCEMENT

ERS-FELLOWSHIPS 2016

Sponsored by

Available to ERS-members

One place available on each of the following Courses in 2016

Veronika Schopf
Universitatsplatz 2
A-8010 Graz
Austria

Tel: +43-316-380 8490
E-mail: veronika.schoepf@uni-graz.at

17" International Course on Reconstructive and Aesthetic
Surgery of the Nose and Face “Around the Nose”

Nijmegen, The Netherlands, June 15-17, 2016

Tel: +31 24 3619671

Email: Y.Savelkoul-Broekman@pao.umcn.nl

Website www.paoheyendael.nl

Endoscopic approach to Rhinosinusitis in Sinonasal Disease

London, United Kingdom, October 2016

Course Directors: Prof. V.J. Lund

Tel: +44 20 7679 8909
Fax: +44 20 7 837 9279

Email: a.kelly@ulc.ac.uk

Website www.ucl.ac.uk/ear/training/short-courses

Amsterdam, The Netherlands, October 2016
Course Director: Peter W Hellings, MD, PhD

Tel: +31 20 5668586
Fax: +31 20 566 9573

Email: m.b.vanhuiden@amc.uva.nl

Website: www.rhinoplastycourse.nl

Sponsorship comprises a sum of 1200 Euro to assist in both registration fees and costs of
accommodation/travelling. More information and application forms are available on the website:

Every year, a number of Fellowships are awarded each to the value of € 1200 to enable trainees to attend one of a range of

international courses.

Applicants must complete an application form and return it electronically to the secretary: rhinologysecretary@amec.nl
by the 15th January 2016 irrespective of the course for which they are applying.

The applicant must be 35 or under and must be a junior member of ERS

Applicants may apply for more than one course but can only be awarded one place so should indicate an order of
preference if they are applying for more than one course.

The application must be accompanied by a letter of support from their head of department and/or other supporting
evidence indicating why they should be awarded the fellowship. This should cover their stage of training, aptitude and

knowledge.

Then the reports as presently shown followed by the updated info on the courses.

For more information see www.europeanrhinologicsociety.org or www.rhinologyjournal.com
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