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Abstract

Introduction Patients with idiopathic smell loss constitute an at-risk population for the development of Parkinson’s disease
(PD). The study aimed to follow up a large number of patients with idiopathic smell and/or taste loss to define the incidence
of PD in this population and, further, to assess characteristics of both olfactory and gustatory function and their possible
association with PD development.

Methods In this prospective case—control study, 833 patients diagnosed with an idiopathic smell disorder at our Smell and
Taste Center during the last 15 years were contacted for a telephone interview. In 474 patients, a complete data set contain-
ing of demographic data, clinical information, retrospective smell and taste testing results, and telephone assessment was
obtained.

Results Out of 474 patients with idiopathic smell loss 45 (9.8%) had been diagnosed with PD, since they received the diag-
nosis of idiopathic smell and/or taste loss (mean 10.9 years after olfactory loss onset). Thus, with respect to the classifica-
tion into olfactory/gustatory disorders, 28.6% of the patients with a combined olfactory and gustatory disorder developed
PD, whereas in 9.9% of those with a pure olfactory disorder and in 3.8% of those with a pure gustatory disorder, PD was
diagnosed. No association emerged between qualitative smell or taste loss and PD development.

Conclusion This large patient cohort study extends the previous literature, indicating that risk stratification might be con-
siderably improved by correct diagnostic allocation and emphasizes the need for an exhaustive olfactory and gustatory
assessment in specialized centers.
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Introduction

Olfactory loss has been reported as one of the major non-
motor symptoms in Parkinson’s disease (PD) which pre-
cedes the occurrence of clinical motor symptoms [1, 2]. It
is found in around 90% of patients with PD [3-5] and has
been acknowledged as a supportive criterion in clinical PD
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diagnosis according to the new International Parkinson’s
Disease and Movement Disorder Society diagnostic crite-
ria [6]. The pronounced olfactory deficit is thought to be,
at least in part, related to changes in the olfactory bulb, a
region impaired in the first stage of the disease [7], and to
be linked to a-synuclein-mediated pathology. The previous
results indicate alterations in central olfactory processing [8]
without specific changes in olfactory peripheral structures
[91.

A number of studies already pointed out the associa-
tion between unexplained smell loss and later development
of PD [10-14], indicating a serious PD at-risk population
among patients with olfactory dysfunction. Against this
background, a correct and secured “idiopathic” classifica-
tion according to the current diagnostic ORL criteria for
smell disorders, including anterior rhinoscopy, nasal endos-
copy, olfactory testing, and MR imaging, should become
an essential requirement for a reliable risk stratification.
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While previous prospective studies in patients with unex-
plained olfactory dysfunction were mainly population-based
and merely relied on a combination of patients’ history and
smell testing without exhaustive clinical assessment, the cur-
rent study focuses on a large, thoroughly diagnosed patient
cohort of a Smell and Taste Clinic.

The aim of this study was to follow up a large number
of patients with idiopathic smell and/or taste loss to define
the incidence of PD in this population. Furthermore, we
assessed characteristics of both quantitative and qualitative
olfactory and gustatory function and their possible associa-
tion with PD development.

Materials and methods
Participants

In this prospective case—control study, 833 patients diag-
nosed with an idiopathic smell disorder at our Smell and
Taste Clinic from 2000 to 2014 were contacted for a tel-
ephone interview. The specification of idiopathic olfactory
loss required negative MR/CT scans, no history of an asso-
ciation between olfactory loss and head trauma, or infections
of the upper respiratory tract, gradual onset of olfactory loss
over months or years, absence of signs of sino-nasal disease
as established through a detailed nasal endoscopy, and lack
of response to short-term systemic/topical treatment with
corticosteroids. All aspects of the study were performed in
accordance with the Declaration of Helsinki, and the study
protocol was approved by the local Ethics Board of the TU
Dresden.

Olfactory and gustatory assessment

At the first visit to our clinic, olfactory testing was per-
formed with the “Sniffin’ Sticks” [15, 16] a testing battery
involving tests for odor threshold, odor discrimination, and
odor identification. The sum of the scores from the three
subtests resulted in the TDI score (threshold, discrimina-
tion, and identification), indicating normosmia, hyposmia, or
functional anosmia (further addressed as anosmia). In addi-
tion, a basic whole-mouth test (WMT) using taste sprays was
applied in all patients for gustatory evaluation. In patients
with ageusia or hypogeusia, taste strips (four different con-
centrations for each taste) were used for further evaluation
[17].

Retrospective data collection
Demographic data and clinical information on symptomatol-

ogy at initial presentation [including age, duration of smell
and/or taste loss, olfactory (TDI) and gustatory (WMT/
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tastes strips) score, qualitative olfactory (parosmia/phantos-
mia), and gustatory (parageusia, phantogeusia) score] were
obtained through retrospective chart review. Furthermore,
subtle clinical motor signs at initial presentation (based on
a thorough neurological examination) and family history of
PD were recorded.

Telephone Interview Questionnaire

Patients (n =833) were followed-up through telephone inter-
view using a standardised questionnaire which included
a self-assessment of the patients’ current smell and taste
function (improvement, decline, and no change). Complete
recovery would require exclusion from the study. Further-
more, patients were interviewed about newly developed dis-
eases since the diagnosis of smell loss. Specific questions
were asked regarding the possible diagnosis of PD and the
use of antiparkinsonian medications (Have you been diag-
nosed with PD? Who diagnosed the disease? What symp-
toms do you suffer from? Are you treated by a neurologist?
What medications are you taking? Do you respond to dopa-
minergic therapy?). Only answers clearly indicating a PD
diagnosis would justify the classification as a PD patient.

Statistical analysis

Data analysis was performed using SPSS 22 for Windows
(SPSS Inc., Chicago, IL, USA). Normal distribution of the
data was assessed using the Kolmogorov—Smirnov test. As
the majority of the variables did not have normal distribu-
tion, statistical analyses were performed by non-parametric
Mann—Whitney U test. Other variables, such as age of onset
of the sensory deficit (in years) and the period from the age
of onset to telephone interview, were normally distributed
allowing the application of ¢ tests. The comparison between
categorical variables was performed by Chi-square (5°) test
(degrees of freedom=1) and in case of a small sample size
(<5) by Fisher’s exact test. For all tests, the level of signifi-
cance was set at @ <0.05. Data are presented as mean val-
ues + standard deviation. Furthermore, generalized estimat-
ing equation, a general statistical approach to fit a marginal
model for longitudinal data analysis, was applied.

Results
Study population

Out of the 833 patients with idiopathic olfactory/gustatory
loss 285 (34.2%) could not be contacted because of miss-
ing, incorrect, or out-of-date telephone numbers. Fifty-two
patients (6.2%) are deceased. Thus, 496 patients were even-
tually interviewed by telephone. Twenty-two out of these
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persons reported a complete recovery of their smell and taste
loss, indicating a non-idiopathic cause (e.g., sinunasal or
viral) which required exclusion from the study. Finally, data
were analysed in 474 patients (Fig. 1) who had been con-
tacted by telephone on average 8.1 years (range 2—17 years;
+SD 3.75) after first presentation to our clinic.

At the time of first presentation, study participants [258
women, 216 men; mean=+ SD age: 70.1 +11.4 years (range
26-95 years)] had already suffered from smell and/or taste
loss for 4.3 +£5.6 years (mean + SD). Onset of olfactory
disturbances was noticed at the age of 57.9 years +12.5
(mean + SD) and of gustatory disorders at the age of
59.3+13.1 (mean + SD). No significant difference in

sensory loss onset emerged between men and women (olfac-
tion: p=0.06; taste: p=0.22) with, however, male patients
being affected on average 2.7 years later.

Olfactory and gustatory function

Out of the 474 participants, 68 (14.3%) presented with nor-
mosmia, 192 (40.5%) with hyposmia, and 214 (45.1%) with
anosmia (Fig. 2a). Normosmic patients suffered from both
gustatory disorder and purely qualitative olfactory disorder.

With regard to taste, 427 patients (90.1%) had normo-
geusia, 45 (9.5%) hypogeusia, and 2 (0.4%) had ageusia.
Patients with normogeusia presented with both olfactory

Fig. 1 Analysed patient cohort
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Fig.2 Degree of smell loss at the first visit to our clinic in the whole cohort (a) and in patients who developed PD (b)
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deficits and purely qualitative gustatory disorders, i.e., para-
geusia or phantogeusia.

Four hundred and thirty-two (91.1%) of the patients
showed quantitative olfactory and gustatory disorders.
Among these subjects, 385 (89.1%) had olfactory disorders,
while 26 (6%) had been diagnosed with a gustatory disor-
der and 21 (4.9%) with a combined olfactory and gustatory
disorder.

The diagnosis of a qualitative olfactory or gustatory disor-
der had been made in 242 subjects (51.1%). Parosmia, phan-
tosmia, and parageusia were reported in 21.1% (n=100),
32.9% (n=156), and 7.6% (n=36) of study participants,

400

[Jnon-PD
NPD

300

8

(b)

number of patients

(a

~

pure olfactory
disorder

=

pure taste disorder

combined smell and
taste disorder

Fig.3 Frequency of PD in quantitative olfactory and gustatory disor-
ders in absolute numbers (a) and relative percentage within the cat-
egory (b)

respectively (also combined qualitative disorders reported).
The most common gustatory quality in subjects with para-
geusia was salty in 13 subjects, followed by putrid, bitter,
and metallic taste in 7, 5, and 4 patients, respectively. Five
participants reported parageusia with changing qualities, and
one person each had salty and sweet phantogeusia.

Diagnosis of PD

Forty-five patients (9.5%; 23 women, 22 men) had been
diagnosed with PD, since they received the diagnosis of idi-
opathic smell and/or taste loss (mean + SD, years 9.6 + 3.8,
range 2-16). Thus, with respect to the classification into
olfactory/gustatory disorders, 28.6% (n=06) of the patients
with a combined olfactory and gustatory disorder developed
PD, whereas in 9.9% (n=38) of those with a pure olfactory
disorder and in 3.8% (n=1) of those with a pure gustatory
disorder PD was diagnosed (Fig. 3).

As regards the age of smell loss onset, there were no
significant differences (Mann—Whitney U test: U=_8752,
p=0.91) between PD patients (58.6 +9.6 years) and those
who did not develop PD (57.8 +12.8 years). The same
applies to the age of the onset of gustatory impairment
insofar, as no statistical differences [#(59)=—0.86, p=0.39]
were observed between PD patients (63.7 +7.8 years) and
non-PD subjects (58.8 +13.5 years) (Table 1). At the time
of the telephone interview, PD patients (M =74.8 years+8.2
SD) were older than those without PD (M =69.6 years+11.6
SD; Mann—Whitney U test: U=7109, p=0.004; Cohen’s
d=0.46).

Table 1 Clinical characteristics

. DT . PD (n=45) Non-PD (n=429) p value

of patients with idiopathic smell

and/or taste loss (divided into Female 23 (51.1%) 235 (54.8%)

outcome parameters PD and Male 22 (48.9%) 194 (45.2%)

non-PD) Age of smell loss onset (M SD), years 58.649.6 57.8+12.8 0.91
Age of taste loss onset (M +SD), years 63.7+7.8 58.8+13.5 0.39
Pure quantitative olfactory disorder 38 (84.4%) 347 (80.9%)
Combined quantitative olfactory and gustatory 6 (13.3%) 15 (3.5%)

disorder

Pure quantitative gustatory disorder 1(2.2%) 25 (5.8%)
Pure qualitative disorder 0 42 (9.8%)
Anosmia, n 24 (53.3%) 190 (44.3%)
Hyposmia, n 20 (44.4%) 172 (40.1%)
Normosmia, n 1(2.2%) 67 (15.6%)
TDI score (M +SD) 15.62+5.0 17.94+7.8 0.14
Olfactory threshold (M + SD) 22+2.1 2.8+29 0.44
Olfactory discrimination (M + SD) 7.5+£24 8.2+29 0.07
Olfactory identification (M +SD) 6.0+2.7 7.0+3.5 0.14
Taste stripes score (M £ SD) 12.7+4 15.6 6.1 0.47
Subjective deterioration of smell loss 20 (44.4%) 105 (24.5%)
Subjective deterioration of taste loss 18 (40%) 93 (21.7%)
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This resulted in a longer period from the smell loss onset
to the telephone interview (Mann—Whitney U test: U= 6028,
p<0.001) in PD patients (16.2 +8.7 years) compared to non-
PD patients (11.9+6.7 years). This period did not differ,
however, in terms of gustatory impairment [#(59) =—0.64,
p=0.53; PD: M=11.7 years + 2.6 SD; non-PD subjects:
M=10.6 years +4.2 SD].

PD patients presented for the first time to our Smell and
Taste Clinic 6.6 +7.6 years (mean + SD; range 0-20 years)
after the onset of olfactory dysfunction and 1.8 +1.7 years
(mean + SD; range 0—4 years) after the onset of gustatory
dysfunction. PD was diagnosed 10.9 +4.6 years (mean + SD;
range 3-20 years) after the onset of olfactory dysfunction. In
PD patients, the telephone interview took place on average
9.6 years (range 2—16 years + 3.8 SD) after first presentation
to our clinic.

At the time of presentation to our Smell and Taste Clinic,
5 out of the 45 subjects already showed subtle clinical motor
signs when being examined (reduced arm swing: n=3;
slight rigidity: n=1; intermittent higher frequency tremor
of both hands: n=1). Another four patients reported changes
in their gait (instability, decrease in step length) which was
not obvious in the neurological examination. In the patients
who did not develop PD, no clinical motor signs had been
found on examination.

In 15 (3.2%) out of the total 474 patients, a first- or second
degree relative with a diagnosed PD was known. Five out
of these patients (33.3%) eventually developed PD resulting
in a family history of PD in 11.1% of our PD patients and
indicating a significant association between family history
and PD development (¢ =0.15, p=0.009).

PD patients’ olfactory and gustatory characteristics
Quantitative olfactory and gustatory disorders

Among the 45 patients with Parkinson’s disease, 38 (84.4%)
subjects exhibited a pure olfactory disorder, 1 (2.2%) had a
pure gustatory disorder, and 6 (13.3%) showed both olfac-
tory and gustatory disorder. Thus, a significant correlation
was observed between the occurrence of PD and the pres-
ence of quantitative olfactory deficits (p =0.016, Fisher’s
exact test) (Cramer-V=0.142, p=0.015).

Twenty-four PD patients (53.3%) presented with anos-
mia, 20 (44.4%) had hyposmia and only 1 (2.2%) normosmia
(patient with a pure gustatory disorder) (Fig. 2b). Subjects
with PD showed a higher prevalence of initial anosmia
than patients without PD (p =0.07, Mann—Whitney U test,
U=28195.5) (Cohen’s d=0.31). No significant association
was found between anosmia (y*=1.35, p=0.25, n=474),
hyposmia (;(2 =0.32, p=0.57, n=474), and the development
of PD, whereas normosmia was significantly associated with
non-PD (;(2 =5.95, p=0.015, n=474). However, when

applying the generalized estimating equation approach,
an association between the severity of smell loss and PD
emerged (Wald y?=214.3, p <0.001).

No significant differences were found for olfactory scores
threshold, identification, discrimination, and TDI (general
olfactory function) between subjects with and without PD
(Table 1). However, patients with PD showed lower dis-
crimination values (7.5 +2.4) than subjects without PD
(8.2+2.9) (p=0.07, Mann—Whitney U test, U=7591.5)
(Cohen’s d=0.25).

In terms of gustatory function, 2.2%, 13.3%, and 84.4%
of PD patients presented with ageusia, hypogeusia, and nor-
mogeusia. No statistical differences were observed in the
frequency of ageusia, hypogeusia, and normogeusia between
patients with PD and without PD (p=>0.132, Mann—Whit-
ney U Test, U=9034.5). The same applies to the results
of taste strips tasting in these groups (Mann—Whitney U
test: U=45, p=0.47), whereby it should be noted that PD
patients (M =12.7 +4 SD) on average presented with lower
results than non-PD (M =15.6+6.1 SD).

Qualitative smell and gustatory disorders

Out of the 45 PD subjects, 10 patients (22.2%) showed
parosmia and 14 patients presented with phantosmia
(31.1%) before the onset of the disease. No association
was observed between the incidence of PD and parosmia
(#*=0.04, p=0.85), or phantosmia (y*=0.038, p=0.79). In
addition, parageusia for the salty and metallic qualities had
been reported in two subjects (4.4%). None of the patients
with a pure qualitative disorder did develop PD.

These results were confirmed by the generalized estimat-
ing equation approach, where no effects of qualitative smell
disorders on PD development were observed (Wald y*=1.3,
p=0.25).

Subjective assessment

Patients who developed PD reported a decrease in olfac-
tory function (Mann—Whitney U test, U=7250, p=0.001)
(Cohen’s d=0.56) and gustatory function (Mann—Whitney
U test=7580, p=0.003) (Cohen’s d=0.45) more frequently
than non-PD patients (Table 1). Among subjects with PD, 20
(44.4%) experienced an aggravation of smell loss, whereas
this applies to 105 (22.2%) out of the non-PD patients. In
terms of gustatory function, 18 (40%) PD patients reported
a decrease in taste function, while 97 (19.6%) of non-PD
patients did so (Table 1).

Thus, patients with a decrease in olfactory or gustatory
function developed PD with a significantly higher rate com-
pared to patients with a stable smell (y*>=8.36, p=0.004) or
taste function (y*>=7.62, p=0.006). A subjective decrease in
olfactory or gustatory function indicated an almost 2.5-fold
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greater risk of future PD (OR 2.47; 95% confidence interval
1.3-4.6).

Discussion

In this large patient cohort study, we found an almost 10%
rate of PD development among patients with diagnosed idi-
opathic olfactory loss, whereby the PD rate raised to 28.9%
in those with a combined olfactory and gustatory loss. We
demonstrated that the olfactory dysfunction frequently
precedes the PD motor symptoms by more than 10 years
and that smell and taste loss are characterized by further
deterioration prior to PD diagnosis. Thus, the current study
extends the previous literature, indicating a very early start
of olfactory symptoms in PD and emphasizing the need for
an exhaustive olfactory and gustatory assessment in clinical
settings.

Our study was conducted in a large patient cohort of a
Smell and Taste Clinic with a comprehensive diagnostic
work-up and regular follow-up visits. This ensured a reliable
diagnostic allocation and a long observational period. The
reported PD rates in olfactory disorders might, therefore, be
higher than in the previous population-based reports [13, 14]
pointing towards a higher specificity of a clearly diagnosed
“idiopathic smell loss” in terms of PD risk stratification. The
even higher risk by considering the family history of PD in
first- or second-degree relatives is reflected by a percentage
of 33% PD development in this patient group in our study.
Thus, our findings extend the observation by Ponsen et al.
[10, 11] who diagnosed PD in 5 out of 40 first-degree rela-
tives with smell loss and Berg et al. [14] with 8 PD diag-
noses out of 468 at-risk persons with hyposmia and/or PD
family history.

In previous studies that have investigated the prospec-
tive risk for PD in relation with baseline [10—14] follow-up
periods ranged from 2 to a maximum of 8 years. The dura-
tion of this phase prior to PD diagnosis is still, however, a
matter of debate [18]. While Morrish et al. [19] based on
[18F]dopa PET data suggested a preclinical period no longer
than 7 years, other authors assumed that this period may last
up to decades [20]. The latter corresponds to retrospective
patients’ self-perception, indicating the onset of olfactory
loss on average more than 10 years before PD diagnosis [21,
22] and to the results of more recent studies [23, 24] which
are in line with our data. This implies that patients with
idiopathic smell loss constitute an at-risk population for at
least 10 years and should be followed-up on a regular basis
over this period.

In contrast to quantitative smell loss, no association
between qualitative smell and taste disorders and future
PD was found. This corresponds to the results of a follow-
up study in 44 patients with idiopathic phantosmia [25];
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however, there is currently no literature on qualitative gus-
tatory function and later development of PD.

Compared to smell impairment, taste loss has been less
frequently reported in clinical interviews of PD patients
[26], and no immunohistochemical and neuroimaging
studies on gustatory function in PD currently exist. There
is only a small number of cross-sectional studies regarding
taste perception in PD [27-32], indicating less pronounced
taste impairment in PD compared to smell dysfunction.
Taste loss has so far been linked to the advanced stages of
the disease [30], whereas reports on prodromal presenta-
tion are rare. As one of the few studies on this topic, in the
onset PD study [22], estimated time of taste loss onset var-
ied between 2 and 10 years before PD diagnosis. Interest-
ingly, taste loss was present before onset of motor symp-
toms in more than 70% of those patients reporting them at
the time of interview which provides evidence for a very
early onset of taste loss similar to the occurrence of olfac-
tory symptoms. Considering the fact that in all patients,
taste loss was accompanied by smell dysfunction, testing
these two sensory functions together would enhance the
predictive value for PD. This was exactly shown in our
study by observing an almost three times higher PD fre-
quency in combined smell and taste loss compared to pure
olfactory loss. Findings thus imply the need for both olfac-
tory and gustatory testing in a PD at-risk population or, at
least, to include simple taste sprays in a screening battery.
Furthermore, our observations point towards a pronounced
deterioration of smell and taste function during the premo-
tor phase which extends the aggravation in those patients
who did not develop PD. Considering the 2.5-fold higher
PD risk in patients who experienced olfactory or gustatory
deterioration, repeated measurements should be a standard
approach.

The strength of this study is its use of a very large
patient cohort with a well-defined diagnosis. Limitations
may arise from the retrospective data sampling with infor-
mation based on medical records, the follow-up by tel-
ephone interview, and possible selection bias due to loss to
follow up. Potential recall errors may have biased data on
the onset of smell and taste loss and, finally, the PD onset.

In conclusion, our findings confirm and extend the
observations of the previous studies regarding smell loss
as a predictor of future PD. Based on the results of this
large cohort study, it should be emphasized that risk strati-
fication might be considerably improved by correct diag-
nostic allocation of smell and taste loss, the use of both
olfactory and gustatory testing, and subsequent long-term
monitoring of these functions. This in turn emphasizes the
importance of a diagnostic work-up in specialized centers.
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