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Assessing Olfactory Function in Parkinson’s Disease via Entropy
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The relationship between Parkinson’s disease (PD) and olfactory dysfunction has been investigated via
psychophysical and electrophysiological assessments. Despite the increasing number of
electrophysiological studies focusing on olfactory function, there are still some limitations to observe the
chemosensory event-related potentials (CSERP), which are electrophysiological responses of the brain to
olfactory and trigeminal stimulations, because of the low sensitivity (low signal-to-noise ratio). Recent
studies attempted to establish new techniques to increase the sensitivity for evaluating the CSERP and
brain responsiveness. We aimed to inspect CSERP via entropy analysis in assessing chemosensory
related brain responses that has been used for the first time. Twelve newly diagnosed and non-medicated
PD patients and 12 healthy subjects participated in the study. Psychophysical and electrophysiological
evaluation of olfaction were assessed via Sniffin’ Sticks Test (SST) and entropy analysis on CSERP in three
time windows. The scores of odor threshold, odor identification and total scores of SST were lower
(hyposmic) in PD patients compared to healthy subjects. Electrophysiological assessments revealed a
significant change in entropy among time windows for olfactory stimulation with phenyl ethyl alcohol and
trigeminal stimulation with carbon dioxide (both p < 0.05) in healthy subjects but not in PD patients.
Entropy findings indicate that the brain operates in ordered state among healthy subjects in response to
olfactory/trigeminal stimuli, whereas the PD patients displayed a chaotic pattern. This pattern in the PD
patients suggests the lack of proper smell function. It should be studied if this pattern can be used as a
biomarker for PD.
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Introduction

Functionality of the olfactory system has an important
role in precaution, nutrition, and quality of life (Doty 2009).
The elements of the olfactory system have not yet been well
understood despite its importance. Olfactory dysfunction
has been studied in attention deficit hyperactivity disorders
(Sanders and Gillig 2009), diabetes mellitus and Addison’s
disease, cortisone or antibiotics use, alcohol abuse (Sanders
and Gillig 2009), congenital disorders, such as Down syn-
drome, Kallmann syndrome, CHARGE syndrome (Yousem
et al. 1996; Huart et al. 2011), Alzheimer’s disease
(Schubert et al. 2008), and Parkinson’s disease (PD)
(Leboucq et al. 2013) for the last two decades.

The association between PD and olfactory dysfunction
has been first presented by Ansari and Johnson (1975). In

1980’s, Quinn et al. (1987) and Ward et al. (1983) reported
more findings of olfactory dysfunction in PD. In 1988,
Doty et al. (1988) showed that there is no odorant that is
specific to PD detected with the University of Pennsylvania
Smell Identification Test (UPSIT), a psychophysical olfac-
tory test. In contrast to this finding, Hawkes and Shephard
(1993) suggested that PD patients might have a specific
anosmia. Supporting these findings, Daum et al. (2000),
Double et al. (2003), and Silveira-Moriyama et al. (2005)
obtained similar results to those of Hawkes and Shephard
(1993). However according to one of the recent reports on
PD and specific hyposmia/anosmia, Haehner et al. (2013)
showed that there is no specific hyposmia in PD.

An emphasis on the estimation of risk and early diag-
nosis of PD based on its non-motor symptoms is observed
in recent studies (Pont-Sunyer et al. 2015). In one study
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conducted on the sense of smell, it has been suggested that
PD may be detected by the presence of anosmia together
with executive dysfunctions long before motor symptoms
occur (Ponsen et al. 2009). Additionally, hyposmia or anos-
mia has been reported to be an important indicator for PD
and this condition has been supported by morphological
studies pointing out PD to coexist with olfactory bulbus
atrophy (Wang et al. 2011).

In general, olfactory function has been evaluated via
psychophysical tests. Electrophysiological studies on the
olfactory system have increased; especially after the inven-
tion of odorant controlled system (Kobal 1981) which is
named as olfactometer. Chemosensory event-related poten-
tials (CSERP) approach -electrophysiological brain responses
to olfactory and trigeminal stimulations- is one of the most
efficient methods used to evaluate the dysfunction of the
olfactory system (Stuck et al. 2006; Morgan and Murphy
2010). Despite its objectivity, CSERP has some limitations
due to temporal jitter and low stimulus number (Boesveldt
et al. 2007). Furthermore another study showed that
CSERP could be observed by only 70% probability in sub-
jects who had normal olfactory function (Lotsch and
Hummel 2006). On the other hand, another study indicates
that background noise level is high in pathological condi-
tions (Boesveldt et al. 2007).

Accordingly the efforts targeting the objective display
of olfactory dysfunction has been vastly shadowed by the
noise conditions. Due to these limitations, researchers have
tried to eliminate the noise in the CSERP. In line with this,
Huart et al. (2012, 2013) suggested different techniques to
analyze the CSERP. Olcay (2014) suggested different tech-
niques to capture the CSERP related components, which
could be hidden at ongoing Electroencephalography (EEG).
This research focused on entropy evaluation of normal
olfactory function compared to olfactory dysfunctions (i.e.
anosmic, hyposmic vs. normosmic subjects). Besides the
increased signal-to-noise level, the overall electrophysio-
logical response seems to be “null”, not displaying a
response curve.

In the present study we aimed to develop a novel tech-
nique for assessment and analysis of CSERP olfactory elec-
trophysiological responses via entropy analysis. We pro-
pose the usage of this method especially for the problematic
conditions with limited sweep numbers and poorer signal
quality (i.e. olfactory dysfunction). Here, the entropy is
defined as the measure of disorder of any system. The con-
cept of entropy enables the determination of changes in the
brain due to internal/external stimulation. The change of
entropy might be evaluated using the signal’s frequency
content’s power distribution over time.

Materials and Methods
Twelve newly diagnosed (de novo) PD patients (7 male; mean
age: 53.92 + 9.04 years) and 12 healthy controls (7 male; mean age:
52.42 + 7.69) were included in the study. Modified Hoehn and Yahr
stage scores of PD patients were varied between “0-2.5” (Goetz et al.

2004). The control participants had no previous diagnosis of any
neurological or psychiatric disorder. All of the subjects” history was
taken and examined by the same ENT specialist before the olfactory
testing in order to exclude any sinonasal pathologies such as allergic
or infectious rhinitis, rhinosinusitis with or without polyps, or signifi-
cant nasal septal deviation which might negatively affect olfactory
function. The informed consents were taken before participation to
the study. The study has been approved by the Clinical Ethical
Committee of Dokuz Eylul University.

The psychophysical olfactory evaluation for both the PD
patients and the control group was carried out with Sniffin’ Sticks
Test (SST) (Hummel et al. 2007). The olfactory threshold, discrimi-
nation, and identification scores were calculated. The Turkish version
(Oniz et al. 2013) of SST identification test, which was modified for
the local population, was employed for obtaining olfactory identifica-
tion scores.

Chemosensory stimuli were presented using an olfactometer
(Om2b, Burghart M.T., Germany). Two different types of stimuli
were used in the olfactometer as chemosensory stimuli: 2-phenyl-
ethyl-alcohol (PEA) as olfactory stimulant and carbon dioxide (CO,)
as trigeminal stimulant. Stimulus intensities were set at 60% v/v for
PEA and 50-60% v/v for CO,. The stimulus duration was selected as
200 milliseconds (ms). Interstimulus interval ranged between 15-17
seconds and was randomly assigned via a computer.

The EEG recordings were conducted using 64-channel record-
ing system (Synamps64, Compumedics Neuroscan Inc., Australia),
embedded interactive stimulus unit (EMISU) (Ozgoren et al. 2009),
the olfactometer, and additional hardware. The participants’ EEG
recordings were carried out in a special room with electromagnetic
and acoustic isolation. SCAN 4.3 was used to assess the EEG record-
ings and analysis. The vertical electrooculogram (VEOG) was
recorded by placing electrodes 2 cm below and above the left eye.

EEG data were digitized at 1 kHz sampling frequency and fil-
tered with a 50-Hz notch filter to attenuate the power line effects in
recordings. EEG epochs were started from —1000 ms before stimulus
and lasted until 2000 ms after stimulus. Trials, in which ocular activ-
ity exceeded 50 ©V, were discarded. Following artifact rejection the
signals were corrected to baseline. Additionally, offline band-pass fil-
ter with low cutoff frequency 0.5 Hz and high cutoff frequency 48 Hz
was applied and then epochs were averaged. CZ electrode was used
for further analysis.

The calculation of time related Shannon entropy was carried out
by calculating the relative energy of each frequency within small rect-
angular windows in the time domain. Once the relative energies were
calculated, the entropy was evaluated according to the formula below
via MATLAB (Shannon and Weaver 1949).

WS(0) = 2 P(1) In(P(1))

The CMOR (complex Morlet) main wavelet function -com-
monly employed in literature- was used for frequency and entropy
analysis related to brain responses to chemosensory stimuli with the
same parameters used by Huart et al. (2012). The aim of the fre-
quency analysis was to determine the similarity between the com-
pressed (or extended) and shifted versions, in the frequency plane, of
the main wavelet function of the EEG signal frequency components
obtained from the CZ channel. Based on the above-mentioned simi-
larity coefficients, the entropy change over time of the EEG recording
was calculated using these wavelet coefficients and the Shannon
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entropy formula. Entropy values were normalized within the range of
“0” to “1”, with “0” representing the minimum entropy value and “1”
representing the maximum entropy value. Mean entropy values were
calculated for both groups at three different time windows and evalu-
ated for pre-stimulus, post-stimulus, and late post-stimulus periods.
Time windows were set at [—800, 0], [300, 1100], and [1400, 1900]

ms intervals and named as TW1, TW2, and TW3, respectively.

Statistical analysis

Descriptive Statistics of the data were calculated and normality
was determined via Shapiro-Wilk tests. For the psychophysical eval-
uation, the t-test was performed for comparisons between the PD
patients and control groups. Threshold of the statistical significance
for “p” value was set to “0.05”. Friedman test was employed to com-
pare entropy values for each group under three different time win-
dows. Also, for the Post-Hoc analysis Wilcoxon test was employed
for the paired comparisons of entropy values of time windows (i.e.
TWI1-TW2, TW2-TW3, TW1-TW3).

Results

Psychophysical test results

The SST was applied to 10 of the patients with PD.
The two of the 12 patients who reported feeling uncomfort-
able during the test were dropped out. Data obtained from
SST of 10 PD (7 male; with mean age of 55.5 = 9.3)
patients and age and sex-matched 10 control group partici-
pants (7 male; with mean age of 54.0 + 6.6) were evaluated.
There was no significant difference between groups in
respect to age. Mean threshold scores were 2.6 (SD: + 1.9)
for PD patients and 5.2 (+ 2.0) for control group, and mean
discrimination scores for PD patients and control group
were 9.8 (+ 2.4) and 11.2 (£ 2.4), respectively. Additionally,
identification scores were 8.3 (£ 3.2) for PD patients and
12.1 (= 1.8) for control group respectively. The PD patients
scored 20.7 (+ 5.7) where the control group scored 28.5 (+
4.3) in total. Therefore, the PD patients behaviorally have
been found to be “hyposmic”.

Statistically significant differences were found in favor
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of the control group for odor threshold, odor identification,
and total scores of SST (p < 0.01 for each) when the groups
were compared via t-tests by means of threshold, discrimi-
nation, identification, and total scores of SST. No statisti-
cally significance was found in odor discrimination scores
of SST. All mean SST scores are demonstrated in Fig. 1.

Entropy results

The data collected from twelve newly diagnosed PD
patients (7 male; mean age: 53.9 + 9.1 years) and 12 healthy
control subjects (7 male; mean age: 52.4 + 7.7) were
included to evaluate the entropy. As the measures obtained
from the PD patients and control groups for PEA and CO,
sessions were not found to have a normal distribution, non-
parametric tests were conducted for statistical analysis.
Averaged CSERP signal, scalogram, and entropy values of
CSERP are demonstrated for one subject from each group
to both stimuli in Fig. 2.

The difference between entropy values of time win-
dows in the control group for both PEA and CO, sessions
were investigated with Friedman tests. Statistically signifi-
cant differences were found between time windows (both p
< 0.05). Wilcoxon test was conducted for paired compari-
sons to determine statistical differences between entropy
values of time windows. Statistical differences were found
between TW1 (.87)-TW2 (.79) and TW2 (.79)-TW3 (.87)
in PEA session (both p < 0.05). Also statistical differences
were found between TW1 (.90)-TW2 (.83) (p < 0.05) and
TW2 (.83)-TW3 (.90) in CO, session (both p < 0.005). A
decrease in entropy was observed from TW1 to TW2 and
an entropy increase was observed from TW2 to TW3 in
both PEA and CO, sessions.

Differences between entropy values of time windows
in the PD patients for both the PEA and CO, sessions were
investigated with Friedman test and no significant differ-
ences were found between the three time windows in each
condition (Entropy values in PEA session; TW1: .88, TW2:

Identification TDI (Total)
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Fig. 1. Graphical demonstration of Sniffin’ Sticks Test scores.

Sniffin’ Sticks Test (SST) scores for both Parkinson Disease patients (PD, white bar) and control subjects (black bar).
TDI indicates the total score (TDI, Threshold, Discrimination and Identification). *p <0.01.
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Fig. 2. Demonstrations of averaged data, scalogram and entropy values of CSERP of one subject for each group to both

stimulants.

The averaged CSERP signals from CZ electrodes are demonstrated at the left column of the figure. At the middle col-
umn, scalograms indicate the similarity of the EEG signal to the wavelet function within that time value (the blue color
denotes the lowest similarity, while the red color denotes highest similarity). The wavelet Shannon Entropies are dem-
onstrated at the right column. Scalograms of control subject clearly demonstrate the activation, while activation is bare-
ly observed in PD patients. Dashed circles denote the area of response (CSERP), frequency response, and the entropy
response from left to the right column respectively. Three time windows with vertical marks are shown (TW1: [-800,
0], TW2: [300, 1100], and TW3: [1400, 1900] ms) at the bottom of the right column.

.86, TW3: .95 and in CO, session; TW1: .93, TW2: .87,
TW3:.93).

Discussion

Our study has displayed hyposmia using psychophysi-
cal tests in de novo PD patients. Furthermore the recently
developed entropy method has proven to be useful, even
with the highest noise levels. The electrophysiological
entropy results verified the deteriorated olfactory function-
ing in PD patients whereas a clear entropy transition pattern
pointing out intact functions was found in control subjects.

Event related potentials related to olfaction are known
to have higher noise due to temporal jittering and due to
fewer numbers of stimuli compared to visual or auditory
stimulations (Boesveldt et al. 2007). In our study we have
observed a similar problem with the increased jitter and
noise especially in PD patients. On the other hand, possi-
bility of failure to observe CSERP in even healthy individu-
als (Lotsch and Hummel 2006) is a limiting factor in the
use of electrophysiological measurements as an indicator.
However the possibility to use the CSERP has become
applicable as a possible biomarker tool with our new tech-
nique opposed.

There are a limited number of studies in which brain
responsiveness to chemosensory stimuli was investigated
using frequency analysis (Huart et al. 2012, 2013; Olcay
2014). Huart et al. (2012, 2013) were especially in search
of a new method to increase signal to noise ratio. Huart et
al. (2013) applied this novel method to the CSERP record-

ings obtained from normosmic, hyposmic, and anosmic
individuals. It was confirmed that even though an individ-
ual was evaluated as anosmic by means of psychophysio-
logical tests, olfactory function was found to be preserved
when frequency analysis was applied according to the
results of the study mentioned above. The study of Huart et
al. (2013) validated the possible use of frequency analysis
in the clinical setting. Our results clearly showed a
decreased behavioral performance for PD patients (hypos-
mic) and failure to display CSERP entropy transition indi-
cating a troubled smell function. Frequency patterns in PD
patients were observed to be somewhat higher than controls
in this manner. This analysis could not be conducted at a
sufficiently large group and therefore was not reported in
this current study. These observations support the predic-
tion by Huart et al. (2013) that de-synchronization -which
causes higher frequency activity on background EEG- may
increase especially in various pathological cases.

In addition, the CSERP recordings of normosmic,
hyposmic, and anosmic individuals were subjected to fre-
quency analysis and the participant’s responses and fre-
quency analysis results were compared in the study con-
ducted by Olcay (2014). Besides, another wavelet
denoising method was carried out on the CSERP recordings
to make CSERP components more visible. In the same
study, the change of entropy was investigated and compared
across three different time windows. These comparisons
revealed that entropy values decreased towards “0” after the
stimulus was presented and then increased only in normos-
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mic group afterwards (Olcay 2014). In the literature,
entropy values approaching to “0” were considered to
reflect more regular and integrated brain processing “as a
whole” (Basar 2006). Another interesting finding obtained
from entropy analysis carried out in the scope of this pres-
ent study, lends further support to this notion. While the
entropy value when stimulus was presented (post-stimulus)
was significantly lower compared to pre-stimulus and late
post-stimulus periods in the control group, no statistical dif-
ference was found in entropy values of pre-stimulus, post-
stimulus, and late post-stimulus for PD patients. This is a
critical finding where the lack of entropy transition reflects
olfactory dysfunction.

The regular functioning of the brain implies that the
pre-stimulus chaotic state in the brain of healthy subjects is
to be replaced by a regular pattern when the stimulus is pre-
sented and thus to return to a chaotic state following stimu-
lus response. In contrast with this, in the light of entropy
results, “continuous chaotic state” of PD patients during the
processing of chemosensory stimuli is concluded to indicate
that the functioning of the brain has been disturbed due to
pathology. This situation requires further clarification in
future studies in different pathologies that causes olfactory
dysfunction. This novel technique is promising to become
a useful tool for reassessing patients who are difficult to
diagnose and those who are found to be anosmic, since
entropy analysis might bring some of the hidden informa-
tion of the signals to surface.
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