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Clinical aspects of olfaction
Annika Bridmerson MD, Department of Otorhinolaryngology, Institute of Clinical Sciences at
Sahlgrenska Academy, University of Gothenburg, Gothenburg.

Abstract
The most important aims of this thesis were: (1) to investigate the prevalence of olfactory
dysfunction in an adult Swedish population and to relate dysfunction to factors of possible
impact on olfaction, (2) to present our experience with patients seeking medical attention for
olfactory disorders, (3) to describe the relationship between detection and identification tests
for olfactory disorders, (4) to assess olfactory event-related potentials (OERPs) in patients
with olfactory impairment and in healthy controls, thereby exploring possibilities and
limitations regarding to the clinical utility of the method, and (5) to evaluate the effect on the
sense of smell of radiation in patients treated for head and neck cancer.
Materials and methods: In the population-based study, 1900 adult subjects were drawn from
the municipal register (I). Of these, 1387 were tested for olfactory impairment and questioned
with regard to their sense of smell and relevant medical conditions. Three hundred and three
patients seeking medical care for olfactory disturbances were clinically examined and tested
with detection and identification tests: 102 of these patients also answered a questionnaire
with regard to quality of life (II). OERPs were obtained after stimulation with an olfactometer
in 23 patients and 24 healthy controls (III). The effect of radiation on the olfactory organ was
investigated in 71 patients with head and neck tumors, before and after radiotherapy (IV).
Results: The overall prevalence of olfactory dysfunction in adults was 19.1%, with 13.3%
suffering hyposmia and 5.8% anosmia (I). Olfactory dysfunction (hyposmia and anosmia),
was related to high age, male gender, and nasal polyps. Prevalence of anosmia in particular
was found to be related to high age, nasal polyps, and diabetes mellitus. In neither case was
there a relation to smoking (I). Upper respiratory tract infection was the most likely cause of
olfactory disorder in close to 30% of the cases, followed by nasal polyposis, head trauma, and
aging. However, the suggested etiology was not possible to determine in one third of the cases.
Clinically, a strong relationship was found between the detection and identification tests (II).
Patients with olfactory disorders have reduced quality of life relating to paid employment,
household work, and social and family life (II). The OERPs in patients showed reduced
amplitude and longer latencies compared to controls. Increasing concentration of the
stimulant odor increased the OERPs (III). Patients who were exposed to a high dose of
radiation against the olfactory organ showed reduced olfactory capability compared to those
exposed to a low dose (IV).
Conclusions: Olfactory dysfunction is common in society. Patients seeking medical attention
for olfactory disorders should be investigated for both quantitative and qualitative disorders
with reliable tests because impaired olfactory function is associated with a reduced quality of
life. Patients who will be treated with radiation for tumors near the olfactory region should be
informed of the risk of olfactory deterioration.
Key words: olfactory disorders, epidemiology, quality of life, diagnosis, event-related
potentials, radiation therapy.
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Background

All living beings have the ability to detect and identify chemical and natural
substances in the environment. In animals, the sense of smell is of decisive importance.
A newborn mammal depends on its sense of smell to find its mother’s nipple and suck;
without the sense of smell, it would hardly survive. Also for many adult animals, the
sense of smell is essential to survival and procreation. They use their sense of smell to
find food, to avoid danger, and to find a mate to reproduce with. Special chemical
compounds associated with chemosensory communication in all kinds of behavior are
called pheromones. Many animals have a sense of smell far superior to that of humans.
A dog has an area of olfactory epithelium 40 times as large as that of a human, and it
can perceive more and fainter odorants. However, from an evolutionary perspective,
the basic role of the sense of smell is the same in humans as in animals. It directs our
attention to chemical environments that might be important for survival and
reproduction. We do not eat food that smells rotten, we run when we notice a smell of
fire, and we may even rely on our sense of smell when we select our partner [1].
Mothers and newborn babies identify each other by their body odors [2].

Nothing is as rich in memories as a scent. It can trigger memories from episodes that
happened long ago and give rise to associations and emotions, positive and negative.
Who has not heard of Marcel Proust’s flood of memories, set off by a madeleine
biscuit? When something we eat tastes good it is mainly because of its smell. Taste
actually distinguishes only sweet, salty, sour, bitter, and umami: all subtle differences
in flavor are expressions of the sense of smell. Also, the trigeminal sensations of some
chemicals are sometimes misinterpreted as odors. For example, ammonia not only
smells, it also produces a pungent, burning sensation in the nose. The sense of smell
interacts with taste and trigeminal perception during eating and drinking, producing
complex sensory impressions [3]. When our sense of smell is normal, we usually pay it
little attention but when this sense is lost, our quality of life deteriorates. Without the
sense of smell we cannot enjoy the scent of a lilac, the taste of food is at best salty or
sweet, and we worry about how our own body smells.

Visual and hearing impressions are easily defined and can be described in simple
physical terms. The sense of smell, however, and the odorants that stimulate it are not
so easy to define. There are no definite rules to identify an odor. We often describe
odors in very general terms, such as “floral” or “woodsy”. Hedonic scales grade odors
according to how foul or pleasant they are. Carl von Linn¢, for example, classified
odors into seven hedonic groups: herbal, balsamic, musky, garlicky, goaty, nasty, and
disgusting.



Classification of olfactory disturbances

A normal sense of smell is called normosmia. Impaired sense of smell can be

classified in quantitative and qualitative terms. Quantitatively, we talk about hyposmia,
a decreased sensitivity to one or more odorants, or general anosmia, which is the
nability to perceive an odorant. Anosmia can also be selective to one or more odorants.
However, odorants may often stimulate the sensory nerve system of the nasal mucosa,
especially at high concentrations, and therefore individuals sometimes experience a
smell (e.g. menthol, ammonia) in spite of anosmia. As it is not possible to verify a
general anosmia, it is sometimes more adequate to use the term “functional anosmia”.

Qualitatively, olfactory problems are classified as parosmia or phantosmia. Parosmia is
a distortion or perversion in the perceived quality of an odorant. Phantosmia is an
experience of a smell without an odor stimulus. Quantitative and qualitative olfactory
disturbances are often found in combination. Parosmia can either be accompanied by a
quantitative loss [4], or found among individuals with normal olfactory sensitivity
[5,6]. A special form of olfactory disturbance is olfactory agnosia, an inability to
classify or identify an odorant verbally even though the ability to distinguish between
odorants or to recognize them may be normal.

Diagnostics of olfactory disturbances

Until the early 1990s, not much attention was paid to clinical problems with the sense
of smell or taste at ear, nose, and throat (ENT) clinics in Sweden. Often, the sole
attempt to diagnose such disorders was with a tray full of various commercially
available scents (e.g. menthol oil, lavender oil, coffee powder, ammonia, clove oil,
coal tar, acetic acid, white pepper, and turpentine) and tastes (e.g. salt, citric acid,
sucrose, and quinine), as seen in Figure 1. However, the strengths of the scents
typically varied, and it was not possible to quantify the sense of smell from the odors
in these bottles. The tastes used included the four traditional basic tastants, but
sensitivity was impossible to quantify.

Figure 1 9



Without methods to diagnose smell and taste disorders, not many patients were
referred to ENT clinics with such problems, and the lack of patients contributed to the
lack of clinical research in this area in Sweden. Because adequate tests are prerequisite
for prospective studies of the cause of impaired sense of smell and the prevalence of
olfactory disturbances in society had not previously been investigated in population-
based studies, either in Sweden or elsewhere, we were motivated to develop test
equipment, evaluate the extent of smell and taste disorders in society, and structure a
consulting program for patients. Since the 1990s, smell and taste problems in Sweden
have received attention, and new tests have been introduced.

The highlight for olfactory research was in 2004 when the Nobel Prize in Physiology
or Medicine was awarded to Linda Buck and Richard Axel for their work on olfactory
receptors. The olfactory epithelium is found predominately on the superior turbinate
and on the upper part of the nasal septum. Axel and Buck demonstrated that the odor
receptor cells in the olfactory mucosa are highly specialized. Each cell has only one
type of receptor and each of these can recognize only a few odorous substances.
Olfactory receptor neurons extend their axons through the thin cribriform plate to well-
defined microregions, glomeruli, in the olfactory bulb. Receptor cells carrying the
same type of receptor send their neurons to the same glomerulus. In the glomeruli the
neurons excite mitral cells. Each mitral cell is activated only by one glomerulus, and
the specificity of the information flow is thereby maintained. The nerve signals then
reach defined microregions in the brain cortex and combine into a characteristic
pattern for each odor.

The most commonly used psychophysical methods for diagnosing olfactory
disturbances are detection and identification tests, which are inexpensive and simple to
perform. Discrimination tests for both quantity and quality are also available.
Psychophysical tests, although different, do to some extent overlap each other and data
from such tests should be combined with information from the individual’s history,
especially in diagnosing parosmia and phantosmia [7].

For detection tests, the odorant is diluted in several concentrations and the individual
tries to detect the lowest possible concentration, the threshold. This test often uses a
force-choice technique, where the subject is asked to choose between two bottles, of
which one contains the odorant and the other is a blank. At wrong answers, a more
concentrated odorant is presented until a specified number of consecutive correct
answers is reached. This test can be performed with some variations and with different
odorants; in the present studies the Connecticut Chemosensory Clinical Research
Center (CCCRC) threshold test with butanol was used [8]. The threshold criterion was
the level at which the individual made four consecutive correct responses, but later, to

10



better avoid false positive results, it was suggested the level of correct answers be
raised to five (Cain, personal communication). Butanol is hedonically neutral and is
supposed not to affect the trigeminal nerve at the concentrations used [9]. A threshold
test is a very adequate method to measure impaired sense of smell, but only one
odorant can be tested for at a time.

The most commonly used identification (naming) tests are the University of
Pennsylvania Smell Identification Test (UPSIT) and Sniffin"Sticks [10,11]. However,
the nature of odor identification being closely related to familiarity with aromatic
items [12] limits the valid use of each test to the region of its development. For that
reason we developed the Scandinavian Odor-Identification Test (SOIT) with test
stimuli and response alternatives selected to be appropriate for clinical odor
identification for application to a Scandinavian population [13]. The 16 test stimuli
represent a wide range of aromatic qualities, which provide a good basis to generalize
test performance to olfactory status. The SOIT was demonstrated to have good
reliability and validity, with separate assessment of olfactory and trigeminal function.
Although the intention in developing the SOIT was to be able to test all Scandinavian
inhabitants, there are people with different cultural backgrounds who are not familiar
with the presented odorants; therefore, there is a risk for false negative test results in
these subjects.

Besides using psychophysical tests, it is also possible to study olfactory capability with
neurophysiological methods. These methods are, in contrast to psychophysical tests,
objective in the respect that they do not always demand active participation of the
person. By using an olfactometer, an exact dose, concentration, and stimulus duration
of an odorant can be delivered. By repeated odor provocations in standardized
circumstances, during continuous registration with an electroencephalograph, it is
possible to register olfactory event-related potentials (OERPs). This technique has
been widely used during the last decades and has proven fruitful for investigating
olfaction in various conditions [14]. Recordings of event-related potentials involving
the auditory, visual, and somatosensory systems have provided useful, noninvasive
information on neurophysiological function of sensory and cognitive character over
the past four decades [15,16]. The electroencephalographs are analyzed by averaging
the electrical brain responses to a series of identical events, e.g., sensory stimulations.
The resulting waveform represents brain activity related to the processing of the event.
The signals are quantified by means of their amplitudes (size) and latencies (timing).
The amplitude has traditionally been regarded as reflecting the magnitude and
orientation of neuroelectrical dipoles engaged by cortical processing of the stimulus,
and the latency reflecting the speed of such processing [17-20]. A general finding in
the literature is that sensory and cognitive impairment results in decreased amplitudes
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and prolonged latencies, reflecting diminished and prolonged cortical responses
[21,22]. The OERPs have a typical shape and a complex of peaks (named N1, P1, N2,
P2, etc) [14,23,24]. It is very important that a neurophysiological method is able to
distinguish not only between odors and groups of individual odors, but also, between
different concentrations of an odor. There are divergent reports of the ability of OERPs
to record a dose-response to an olfactory stimulus. Increasing doses of odors typically
lead to larger amplitudes and shorter latencies; however, a dose-dependent effect on
both amplitudes and latencies is not always found [24-30]. Dose-response effects have
mostly been studied in healthy individuals, and there are few studies on patients with
impaired olfactory function [31-34].

General aims
The aims of this thesis were:

e to investigate the prevalence of olfactory dysfunction in an adult Swedish
population and to relate dysfunction to factors of possible impact on olfaction;

e to present our experience with patients seeking medical attention for olfactory
disorders and to diagnose types of olfactory disturbance, evaluate possible
causes, and relate the patients” olfactory complaints to performance on
psychophysical tests;

e to evaluate the impact of impaired sense of smell on quality of life in patients
with olfactory disorders;

e to describe the relationship between detection and identification tests for
olfactory disorders;

e to assess OERPs in patients with olfactory impairment and in healthy controls
and to investigate possible dose-response effects of odor concentration on
OERP parameters in these groups, thereby exploring possibilities and
limitations regarding the clinical utility of the OERP method; and

e to evaluate the effect on the sense of smell of radiation in patients treated for
head and neck cancer.

Subjects

The sense of smell was investigated in a population-based study in Skovde (I). To
obtain a representative sample, 1900 individuals, aged 20 years or older, were
randomly recruited and stratified by gender and age. The community of Skévde has
approximately 50 000 inhabitants, of these, 67% live in the city, 19% in villages, and
14% in the countryside. The demographic profile of Skovde is similar to that of
Sweden as a whole, and the study was therefore assumed to be representative for the
Swedish population.
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Patients seeking medical care for olfactory and taste disturbances were consecutively
recruited for the study and investigated in a standardized way in order to classify type
and degree of the disorder (II). In total, 303 patients were included, 156 women and
147 men, between 10 and 88 years of age. Twenty-three of these patients (10 women
and 13 men, aged 18 to 74 years), together with 24 healthy controls (19 women and 5
men, aged 28 to 63 years), were investigated with respect to OERPs (III).

The effect of radiation on the olfactory organ was investigated in patients with head
and neck tumors, before and after radiotherapy (IV). During a 10-year period, all
patients with such tumors were included after informed consent. In total, 141 patients
(49 women and 92 men) participated in the first olfactory test, but only 71 patients, 20
women and 51 men, between 35 and 86 years of age were investigated after the
radiation treatment. Of these, 29 received a high dose of radiation against the olfactory
organ and the other 42 received a low or no dose and served as controls.

Methods

The nasal cavity in all individuals was examined with rigid or flexible endoscopy.
Each individual’s self-reported function of the sense of smell was assessed with a
structured interview.

The psychophysical tests CCCRC butanol threshold test (II-IV) and SOIT (I-1V) were
used. As they provide information about somewhat different aspects of olfactory
function, there may be a discrepancy between results from the two tests, which for
diagnostic purposes made it necessary to define a key for the evaluation of olfactory
status. Regarding the diagnoses of anosmia, hyposmia, and normosmia, the following
criteria were used in evaluation of the outcome on the butanol threshold test and the
SOIT:

1. If agreement between the two tests, the diagnosis was established.

2. If the threshold test showed anosmia, and the SOIT showed normosmia or
hyposmia, the patient was given the diagnosis of hyposmia because the patient
was able to experience smells, which precluded anosmia. The threshold test is
better than the SOIT for odor sensitivity.

3. If the threshold test showed hyposmia, and the SOIT showed normosmia or
anosmia, the patient was given the diagnosis of hyposmia because it is not
always possible to prove reduced sensitivity with the SOIT since the odorants
are above the smell threshold. The threshold test proves that the patient could
not be anosmic.
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4. If the threshold test showed normosmia, and the SOIT showed hyposmia or
anosmia, the patient was given the diagnosis of hyposmia because the patient
was able to identify some odorants and could therefore not be anosmic. A
normal threshold does not exclude quantitative disorders for other odorants.

The neurophysiological method of OERP recordings was used in study III. The session
consisted of OERP recordings during presentations of two concentrations of butanol.
A constantly flowing air stream was led into one nasal cavity and the stimuli were
presented with controlled temperature and humidity, with a 30 s interstimulus interval,
generated by a dynamic olfactometer. The two concentrations were presented 40 times
each to the participant in two separate series. Electroencephalogram (EEG) readings
were obtained from electrodes placed on the scalp. The records were amplified and
filtered. An independent trained observer examined each registration in order to find
the peaks of the curves. The peaks were averaged separately for each butanol
concentration and electrode site and analyzed for latency and amplitude of the signal.

To evaluate quality of life, we used the Nottingham Health Profile (NHP) [35], which
1s a well-known and well-evaluated instrument that has been used for a number of
different conditions to measure the impact on wellbeing, i.e., how disease and
symptoms affect a patient’s health and ability to function in daily life (II).

Results

In the population-based study of 1900 individuals, 1387 (73%) participated in the
clinical investigation. The overall prevalence of olfactory dysfunction in adults was
19.1%, with hyposmia in 185 subjects (8§81 women and 104 men) and functional
anosmia in 80 subjects (33 women and 47 men). This represents a prevalence of
hyposmia of 13.3% and anosmia of 5.8% ().

Regarding risk for olfactory dysfunction (both hyposmia and anosmia), the prevalence
increased with age, and dysfunction was more common in men than in women (odds
ratio, OR, for men = 1.7), and more common in individuals with nasal polyps (OR =
2.1). There was no statistically significant increased risk for olfactory dysfunction in
people with diabetes mellitus or in smokers. In an additional analysis, current heavy
smokers were compared with those who never had smoked, and after adjustments for
gender and age, no statistical difference in performance on the SOIT was observed (I).

Prevalence of anosmia per se was found to be related to high age. The risk increased

with the presence of nasal polyps (OR = 3.8) and diabetes mellitus (OR = 2.6), but
there was no statistically significant relation to either gender or smoking ().
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For enhanced interpretation of SOIT-based prevalence of olfactory dysfunction,
sensitivity and specificity of these diagnoses (hyposmia or anosmia vs. normosmia)
were calculated by comparison with self-reported olfactory sensitivity (worse than
normal vs. normal or better than normal). These comparisons provided a sensitivity of
43.9%, a specificity of 85.4%, and a correct classification rate of 79.0%. However,
12% were not aware of their olfactory dysfunction and 9% experienced olfactory
dysfunction that was not confirmed. In total, 17% reported better olfactory acuity than
normal. The SOIT scores were lower in those who reported normal acuity than in
those who reported better-than-normal acuity, and even lower in those who reported
worse-than-normal acuity (I).

Of the 303 patients with olfactory complaints attending the ENT clinic, 288
complained of reduced or total loss of olfactory sensitivity. Of these, 52% were
diagnosed as hyposmic, 44% as anosmic, and 4% as normosmic. Out of the 145
patients complaining of total loss of sensitivity, 19% were diagnosed as hyposmic and
3% as normosmic. Out of the 143 patients complaining of reduced loss in sensitivity,
10% were classified as anosmic and 5% as normosmic. Based on the diagnoses, the
correct classification rate for the patients’ evaluation of their smell sensitivity was
81.2%. Independent of these test results, 24% of the patients experienced parosmia,
and 11% experienced phantosmia. Clinically, a strong relationship between the
outcome on the butanol threshold test and the SOIT was found. The suggested etiology
of the olfactory disorders was not possible to determine in one third of the cases.
Upper respiratory tract infection was the most likely cause in close to 30% of the cases,
followed by nasal polyposis, head trauma, and aging (1I).

The NHP was completed by 102 patients (50 women and 52 men, mean age 52 years).
Of these patients, 44% were diagnosed with hyposmia, 44% with anosmia, 21% with
parosmia, and 16% with phantosmia. There was a significant difference between the
patient group and the reference values for four of the seven questions, namely, relating
to paid employment, household work, social life, and family life (II).

The OERP grand average, the average of all recordings, shows a distinct response in
healthy subjects, while in patients, the effect of the olfactory stimuli (0.3% and 7.5%
butanol) were not so evident. Statistical analyses of the individual registrations show
significant differences between groups. Patients had lower amplitudes and longer
latencies than controls. Within each group there was a significant increase in
amplitude and decrease in latency with increased concentration (III).

The patients with head and neck tumors were divided into two groups according to the
proposed dose of radiation against the olfactory organ. A high radiation dose was
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given to 29 patients with tumors of the sino-nasal cavity and nasopharynx, the parotid
gland, the tongue, the gingival-maxillary region, the bucca, the skin of the temple, the
lachrymal duct, and the ear. A low radiation dose against the olfactory epithelium was
given to 42 patients with tumors of the tonsils and tongue base, the larynx, the
submandibular gland, the hypopharynx, the bottom of the oral cavity, and the lower lip
and mandible. In total, 32 patients also received 2 to 3 courses of chemotherapy,
usually before radiation therapy. Of these, 25% received a high radiation dose and
75% a low dose. Among those 39 patients who were not treated with chemotherapy
13% received a high radiation dose and 87% a low dose (IV).

The butanol threshold test (olfactory detection) before treatment showed a mean
threshold of 5.5 in dilution step in the high-dose group and 6.1 in the low-dose group.
The corresponding values after treatment were 3.8 and 6.6, respectively. After
treatment, there was a significant difference between the groups. The difference
between the first and the second test also differed statistically between the groups (IV).

The identification test showed before treatment a mean correct identification score of
12.2 in the high-dose group and 12.5 in the low-dose group. The corresponding scores
after treatment were 9.3 and 12.5, respectively. After treatment, there was a significant
difference between the groups. The difference between the first and the second test
also differed statistically between the groups. A multiple regression analysis showed
that no variable but radiation dose was important for the difference in olfactory
function (IV).

Discussion

Population-based studies are an important supplement to patient-based studies in
examining medical disorders in society. The knowledge of the epidemiology of a
disease is fundamental in planning investigations, as well as in treatment and research
concerning the disease. To achieve a representative population, the study sample
should be randomized and stratified for age and gender and not weakened by too many
drop-outs. There are few studies regarding olfactory function that fulfill these
epidemiologic criteria. Three non population-based studies, measuring odor
identification are of interest. Doty et al reported a study of 1955 individuals from 5 to
99 years old and Ship and Weiffenbach studied 387 healthy individuals from 19 to 95
years [36,37]. Landis et al reported frequency of olfactory dysfunction in 1240 patients
from 5 to 86 years old visiting an outpatient ENT clinic [38]. In a population-based
cross-sectional study, odor identification was measured in 2491 elderly individuals
between 53 and 97 years of age [39]. These studies, in agreement with our study (1),
show that impaired olfactory function increases with age. Odor identification
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impairment in the elderly can be caused by many factors, both peripheral and central.
The olfactory epithelium and the olfactory bulb undergo atrophy with time [40-42],
and age-related volume loss in temporal lobe areas important to olfactory processing
has been found by structural magnetic resonance imaging [43]. OERPs show longer
latencies and smaller amplitudes in elderly individuals [44,45]. Odor identification
ability is decreased in early stages of common dementia disorders such as Alzheimer’s
disease [46,47].

The prevalence of parosmia in the present study of adults (I) was 4.0%, as has been
presented elsewhere together with a similar randomized population-based study of 326
teenagers who reported a prevalence of parosmia of 3.4% [48]. In study II, the
qualitative disorder was found to be accompanied with quantitative loss.

Because good olfactory capability is important for flavor perception, impaired sense of
smell may cause decreased appetite that could in turn lead to poor nutrition [49].
However, in additional evaluation of the data from study I, no relationship was found
between the degree of olfactory dysfunction and the body mass index in elderly
individuals (either >60 years or >70 years old). Additionally, there was no difference
in weight reduction between those who received high or low dose radiation against the
olfactory epithelium in spite of differences in olfactory deterioration (IV).

Gender-related differences in odor perception have previously been reported. Usually,
females perform better in identification tests [36,37,39], as confirmed by our study (I).
However, in others studies, differences were not statistically significant [50,51]. The
clinical importance of gender-related differences in odor perception is doubtful.

There is a discrepancy between the great number of elderly men and women with
olfactory dysfunction in the population-based study (I) and the age profile in the
clinical study (II). It is also remarkable that in ten years, no more than 303 patients of
the catchment area of 270 000 inhabitants have attended the ENT clinic for olfactory
disorders compared to the 19% prevalence of olfactory dysfunction in the population-
based study. Why do not individuals with impaired olfactory function contact health
care for their problem? Of 1175 individuals who reported “normal” or “better than
normal” sense of smell, 15% had impaired sense of smell measured by the SOIT in
study 1. Similar results were obtained in the study by Murphy et al [39]. There may be
several reasons people do not seek help for olfactory problems, but one important
factor may be that society in general is unaware that olfactory tests exist and that help
may be possible. Other reasons could be that individuals are not aware of a
dysfunction or that it is of secondary importance, i.e. they do not experience
substantial negative consequences in everyday life. Thus, selection bias has to be
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considered when studying quality of life. Several studies reported consequences of
quality of life in patients with olfactory disorders. One revealed that patients with loss
of the sense of smell showed impairment in areas of eating, safety and personal
hygiene [52]. In a study of 135 patients with olfactory impairment quality of life was
investigated with both the General Well-Being Schedule [53] and the disease-specific
Multi-Clinic Smell and Taste Questionnaire [54] and reported negative effects mainly
concerned personal hygiene, eating, and drinking [55]. These results are in accordance
with those seen in study II where patients with olfactory disorders experienced a
significantly reduced quality of life regarding not only household work and social and
family life, but also paid employment. However, it is interesting to note that subjects
with congenital anosmia do not indicate impairment of their quality of life [56].

Any measure of olfactory impairment with an identification test uses a limited number
of stimulants. That may leave some relatively rare specific anosmias undetected. More
important is that by using only an identification test, such as the SOIT, in the
population-based study (I) the prevalence of olfactory dysfunction will likely be
underestimated. Extracted data from the patient-based study, where both the SOIT and
butanol threshold tests were performed (I), showed that even if the tests were in
accordance in 76%, they differed between normal and abnormal sense of smell; in
21% of the patients the SOIT indicated normosmia, whereas the threshold test
indicated hyposmia or anosmia. One explanation may be that it is possible to identify
the odorants in the SOIT with even a very slightly elevated olfactory threshold. Given
an identification test’s high test-retest performance, low cost, acceptability to
participants, and short test time required, such tests are useful for population-based
studies [39]. However, in clinical settings, an identification test alone is not sufficient.
Both an identification test and a threshold test are necessary, and it is important that
these tests be accompanied by both an adequate interview (especially to find those
with qualitative olfactory disorders) and a clinical examination of the nasal cavity to
find treatable conditions (e.g. foreign bodies, nasal polyps, tumors, infections) [57].

What is the use of OERP recordings in the clinical setting? According to Létsch and
Hummel, the OERP recording is regarded as a useful addition to psychophysical tests
of olfactory function since they are direct correlates of neuronal activation, have an
extremely high temporal resolution, allow the investigation of the sequential
processing of information, can be obtained independently of the subject’s response
bias, are largely independent of the subject’s cooperation, and produce results which
are independent of the person performing the measurement. Weaknesses of this
technique are related to its vulnerability to artifacts, the necessity of repeated
stimulation at relatively long interstimulus intervals, and the fact that responses have
to be extracted from a potentially noisy EEG background [58]. OERPs have in many
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studies been able to show differences between groups of patients and healthy controls,

and they have thus illustrated olfactory deterioration in diseases, e.g. head trauma and
dementia [59,60]. However, problems arise when investigating a single patient with
heavily impaired olfactory capability. In such a patient it may be difficult to identify
any signals from the background activity and therefore impossible to differentiate
hyposmia from total anosmia. Furthermore, if OERPs are absent, in spite of normal
psychophysical test performance, it is of low diagnostic value [58]. On the other hand,
when OERP signals are obtained from a patient with abnormal psychophysical test

performance, it could be caused by high trigeminal sensitivity, even if odorants with
very low trigeminal stimulation are used.

Conclusions

Almost 20% of the adult Swedish population has an olfactory dysfunction, with
males at higher risk than females. Risk factors for olfactory dysfunction are age,
nasal polyps, and diabetes, but not smoking.

Patients seek medical attention for olfactory disorders for both quantitative and
qualitative disorders. Impaired olfactory function can reduce quality of life on
many levels regarding ability to function in daily life, but seems to have no impact
on general health.

Reliable diagnostic tools for olfactory disorders include patient’s history, a clinical
examination, and psychophysical tests. Detection and identification tests
complement each other. Possible causes of impaired olfactory function are often
upper respiratory tract infection, nasal polyposis, head trauma, and aging, but in
most cases no clinical findings or plausible anamnesis data explains the
deterioration.

With OERP recordings it is possible to register a dose-response effect and to
differentiate between healthy subjects and individuals with impaired olfactory
function. Further validation is needed before OERPs can be routinely applied in
clinical assessments of olfactory dysfunction.

Radiation against the olfactory organ impairs the olfactory capability regarding
both detection sensitivity and identification. The pathophysiology underlying this
effect is not known.
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Perspectives for the future

Ideas about new items in the clinical field of olfactory research arose with time. A
follow-up of the olfactory function of the Skovde population-based study would
illustrate the impact of normal aging on olfactory capability and the incidence of
olfactory disorders. It might even be possible to add psychological tests to study
whether impaired olfactory function really is an early sign of dementia. From this
population it would also be possible to investigate selective anosmia. The test result of
each odorant of the SOIT is registered at the first investigation. Selective anosmia
could be found among individuals with normal test performance who at a second test
missed the same odorant as previously. To identify selective anosmia for an odorant,
the olfactometer and OERP recordings would be most useful.

OERP assessment is used around the world to measure olfactory function. Although
the measurement of the OERPs is quite objective, the interpretation of the registrations
are subjective. It is not very difficult to identify the peaks (N1, P1, N2, and P2) when
stimulating healthy subjects with a strong odorant. However, with weaker odorants,
and in individuals with impaired olfactory function, the task becomes more difficult.
As identifying the peaks is the subjective part in the evaluation of OERPs, it is
important to validate this performance from different aspects:
1. Do different independent researchers provide the same results when analyzing
the peaks in one and the same recording?
2. What is the agreement when one person analyzes the same recording at
different occasions?
3. To what extent do trained researchers and clinicians do better than untrained?
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Populirvetenskaplig sammanfattning pa svenska

Alla levande varelser har formagan att kiinna dofter. For djuren ar luktsinnet manga
ganger livsavgdrande. De ér beroende av ett fungerande luktsinne for att soka foda och
de uppmirksammas pa faror i omgivningen. Artens dverlevnad dr beroende av de
vuxna djurens luktsinne, med hjélp av lukten hittar de en lamplig partner att para sig
med. Ménga djur har ett luktsinne 6verldgset mianniskans men dven for oss spelar det
en visentlig roll. Vi dter inte skdmd mat, vi flyr nér vi kdnner brandrok och kanske
véljer dven vi partner med inverkan av luktsinnet. Dofter kan vicka minnen som ligger
langt tillbaka, ge upphov till associationer och kénslor, sdvil positiva som negativa.
Lukt och smak har nidra samband. I sjdlva verket dr det vi kallar smak till storsta delen
en effekt av luktsinnet. Var tungas smaklokar kan endast kidnna fem smaker: sott, salt,
surt, beskt och umami. 2004 tilldelades Linda Buck och Richard Axel Nobelpriset 1
fysiologi och medicin efter att ha visat hur hogspecialiserat vart luktsinne &r.

Nir vart luktsinne fungerar normalt, &r vi ofta inte sd uppmérksamma pa det, men den
som fOrlorat sitt luktsinne beskriver ofta en forsdmring 1 livskvalitet. En luktstorning
kan innebdra avsaknad av eller nedséttning av luktformégan. Det kan ocksé visa sig
som en forvrangning i uppfattningen av dofter eller att vi upplever en doft utan att det
finns ett stimuli. Den metod man tidigare hade att testa luktsinnet var den s.k.
luktbrickan, vilken ses 1 figur 1. Numera finns ett flertal metoder att tillgd for att testa
luktsinnet. Vi kan bestdmma troskeln for formagan att kinna dofter och vi kan testa
formagan att kénna igen och att sirskilja dofter. Allt genom att lukta pa olika
doftimnen och beskriva vad vi kdnner. Vi kan dven méta hjirnans elektriska svar péd
passivt tillforda doftimpulser genom elektroencefalografi, EEG. Metoden kallas
Olfactory Event-Related Potentials, OERP.

Det huvudsakliga syftet med denna avhandling var

e att undersoka forekomsten av luktstorning hos en vuxen, svensk befolkning och
relatera storningen till mojliga bidragande orsaker

e att redogora for var erfarenhet av patienter som soker vard for luktsinnets
sjukdomar

e att beskriva sambandet mellan olika lukttester

e att mdta OERP hos patienter med luktstdrning och hos friska och att beskriva
mojligheter och begransningar med matmetoden

e att utvirdera effekten pd luktsinnet av strdlbehandling hos patienter med cancer
inom huvud- och halsomridet

I det forsta arbetet studerades forekomsten av luktstorning i befolkningen. Av ett

slumpmaéssigt urval av 1900 vuxna invanare 1 Skdvde lukttestades 1387 personer.
13.3% hade en nedsittning av luktsinnet vilket kunde relateras till hog alder, manligt
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kon och néspolyper. Avsaknad av luktsinnet sdgs hos 5.8% och kunde relateras till hog
alder, ndspolyper och diabetes. Inte 1 nagot fall fanns samband med rokning.

I studie IT undersoktes 303 patienter som sokte for luktstorning. Den mest troliga
orsaken till luktstorning var luftvigsinfektion, f6ljt av ndspolyper, skallskada och alder.
Hos en tredjedel var det inte mgjligt att bestimma trolig orsak. Patienter med stérning
av luktsinnet har nedsatt livskvalitet relaterat till yrkesliv, hushéllsarbete, socialt liv
och familjeliv.

I studie III anvdndes OERP for att undersoka 23 patienter med luktstorning och 24
friska individer. Patienterna fick ett svagare elektriskt svar i hjdrnans aktivitet av
doftimpulser 4n de friska.

I studie I'V pavisades att 71 patienter med cancer inom huvud- halsomradet som far
hog straldos mot luktorganet far forsamrat luktsinne jamfort med dem som fér lag
straldos.

Slutsatsen blir att luktstorning ar vanligt forekommande 1 samhallet och att patienter
som soker vard for luktsinnets sjukdomar ska testas och undersokas noggrant eftersom
luktstorning ger paverkan pé livskvalitet. Patienter som skall stralbehandlas f6r cancer
1 ndrheten av luktorganet skall informeras om risken for luktsinnesnedséttning.
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