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ABSTRACT

Introduction: Olfactory dysfunction is an early and common symptom in idiopathic
Parkinson’s disease (IPD). Recently, the relation between olfactory dysfunction and
cognitive loss in IPD has been reported. In our study, we aimed to investigate the relation
between olfactory dysfunction and cognitive impairments in early IPD related with this
theory.

Methods: In this study, we included 28 patients with stage 1 and stage 2 IPD according to
the Hoehn-Yahr (H-Y) scale and 19 healthy participants. The University of Pennsylvania
Smell Identification Test (UPSIT) was performed for evaluating olfactory function. For
cognitive investigation in participants, the clock drawing test, Stroop test, verbal fluency
test, Benton face recognition test (BFR), Benton line judgment orientation test (BLO), and
Auditory Verbal Learning Test (AVLT) were performed.

Results: We found significantly lower UPSIT scores in the patient group compared to
controls (p=0.018). In the neuropsychological investigation, only Stroop test and BLOT
test scores were significantly lower in the patient group compared to controls (p=0.003,
p=0.002, respectively). We found a negative correlation between UPSIT scores and
Stroop time (p=0.033) and Stroop error (p=0.037) and a positive correlation between
UPSIT scores and SBST long-term memory scores (p=0.016) in patients.

Conclusion: In our study, we found mild cognitive impairment related with visuospatial
and executive functions in early-stage IPD compared to controls. But, in the patient
group, we detected a different impairment pattern of memory and frontal functions
that correlated with hyposmia. This different pattern might be indicating a subgroup of
IPD characterized by low performance in episodic verbal memory, with accompanying
olfactory dysfunction in the early stage. (Archives of Neuropsychiatry 2014; 51: 389-394)
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OzeT

Giris: Olfaktdr disfonksiyon, Idyopatik Parkinson Hastaliginin (IPH) erken ve sik gdriilen
bir semptomudur. Son zamanlarda, olfaktdr disfonksiyon ile kognitif kayip arasinda iliski
oldugu bildirilmistir. Calismamizda, bu teori ile iligkili olarak, erken evre IPH’da olfaktér
disfonksiyon ve kognitif bozukluklar arasindaki iliskiyi arastirmayr amacladik.

Yontem: Bu calismaya, Hoehn- Yahr (H-Y) evrelemesine gdre evre 1 ve evre 2 IPH tanisi
almig 28 hasta ve 19 saglikh birey dahil ettik. Olfaktdr fonksiyonu degerlendirmek igin
University of Pennsylvania Smell Identification Test (UPSIT) uyguland. Hastalarda
kognitif fonksiyonu degerlendirmek igin, Saat ¢izme testi, Stroop testi, verbal akicilik
testi, Benton face recognition testi (BFR), Benton line judgement orientation test (BLO),
Stzel bellek siiregleri testi (SBST) uyguland.

Bulgular: Kontroller ile mukayese edildiginde hasta grubunda UPSIT skorlarini anlamli
olarak daha diisiik bulduk (p=0.018). Néropsikolojik degerlendirmede sadece Stroop testi
ve BLOT testi kontroller ile mukayese edildiginde hasta grubunda anlamli olarak daha
distiktli (sirasiyla p=0,003, p=0,002). UPSIT skorlari ile Stroop zamani ve Stroop hata
skorlari arasinda negatif korelasyon (p=0,037), UPSIT skorlari ile SBST uzun siireli bellek
skorlari arasinda pozitif korelasyon bulduk.

Sonug: Calismamizda, daha 6nceki ¢alismalardaki gibi, erken evre IPH'da vizyospasyal
ve yiiriitiicli fonksiyonlarla iligkili hafif kognitif bozukluk saptadik. Fakat hasta grubunda
hiposmi ile korele sekilde bellek ve frontal fonksiyonlarda farkl bir bozulma paterni
saptadik. Bu farkli patern, IPH'In erken déneminde koku bozuklugu esliginde epizodik
verbal bellekte performans diisiikliigii goriilmesi seklinde bir alt gruba isaret ediyor
olabilir. (NGropsikiyatri Arsivi 2014; 51: 389-394)

Anahtar kelimeler: Olfaktor disfonksiyon, Parkinson hastaligi, kognisyon

Cikar Catismasi: Yazarlar bu makale ile ilgili olarak herhangi bir ¢ikar catismasi
bildirmemislerdir.
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Introduction ma, nasal polyposis, allergic rhinitis, and severe septal devia-

Olfactory dysfunction is one of the most common non-motor
symptoms in idiopathic Parkinson’s disease (IPD). Olfactory loss
is present at the earliest stages of the disease (1). Stephanson
et al. (2) indicated that olfactory dysfunction may be an early
predictor of abnormal cognitive impairments and implicated a
special phenotypic pattern.

Changes in cognitive functions occur in IPD as non-motor
symptoms. These changes were reported as executive func-
tions, visuospatial functions, and disturbance in working mem-
ory. Memory is more spared or secondarily affected by the pre-
servation of recognition (3,4). But, previously, Bohnen et al. and
then Postuma and Gagnon reported a relation between olfactory
loss and memory dysfunction in IPD (5,6). In the following stud-
ies, a relation with olfactory dysfunction in IPD and impairment
of memory, executive functions, and verbal functions has been
reported (7,8). According to this relation, olfactory dysfunction
is associated with cholinergic dysfunction and supposed to be
an early marker of a phenotype with cognitive and non-motor
symptom dominance in IPD (9). But, all of these studies were
investigated in moderate-stage patients. In our study, we tried to
evaluate a clinical approach according to this theory in the ear-
ly stages in two different ways. First, we compared patterns of
cognitive dysfunction between patients with IPD and controls.
Then, in the same group, we evaluated whether cognitive func-
tions related with olfactory dysfunction have a different pattern
related to early cholinergic impairment, as proposed.

Method

This study was performed at the movement disorders outpa-
tient clinic of the Department of Neurology Haseki Training and
Research Hospital, Istanbul, Turkey. The study was approved by
the local ethical committee, and all of the patients gave written
informed consent before being included into the study; 28 pa-
tients (5 females/23 males) were enrolled into the study. All pa-
tients were diagnosed with IPD according to the United Kingdom
Parkinson’s Disease Society Brain Bank diagnostic criteria (10).

The control group was selected from 19 healthy cases (8 fe-
males/11 males) without any neurological and olfactory patholo-
gies or family history of neurodegenerative disease. We evaluated
the Hoehn-Yahr Scale (H-Y) for disease staging and the Unified Par-
kinson’s Disease Rating Scale (UPDRS) to establish clinical severity
(11). According to H-Y, 10 patients in stage 1(1 female/9 males) and
18 patients in stage 2 (4 females/14 males) were included.

Patients with dementia were not recruited into the study.
Dementia was diagnosed according to the Clinical Diagnostic
Criteria for Dementia Associated with Parkinson’s Disease (12).

Olfactory Function
Individuals were inspected and excluded if they had other
problems that can cause olfactory dysfunction, like head trau-

tion, at the Department of Otolaryngology and Head and Neck
Surgery in our hospital. The University of Pennsylvania Smell
Identification Test (UPSIT) was used to all of the individuals (13).

Cognitive Assessments

Global cognitive function was assessed using the Turkish
version of the Mini-Mental State Examination (MMSE) (14).
Verbal memory was assessed by a Turkish verbal learning
test, the Auditory Verbal Learning Test (AVLT). This test evalu-
ates the learning of a full list of 15 words after a maximum 10
trials (total learning score) and recall after a 30-minute delay,
followed by a free-recall trial (delayed recall) (15). For the as-
sessment of executive functions, a group of tests, consisting
of the Stroop Color Word Test (SCWT), clock drawing test, and
Categorical Verbal fluency test, were used. For the Stroop test,
an edited and modified Turkish version (TUBITAK-BILNOT)
was used (16,17,18).

To assess visual perceptive functions, the short form of the
Benton’s face recognition test (BFR) (short form) and Benton
line judgment orientation test (BLOT) were used. For the BLOT
and BFR, edited and modified Turkish versions (TUBITAK-BIL-
NOT) were used (16).

Statistical Analysis

Statistical analysis was performed using the Number
Cruncher Statistical System (NCSS) 2007& Power Analysis and
Sample Size (PASS) 2008 Statistical Software (Utah, USA) pro-
gram. Quantitative data were given as meanzstandard deviation
(SD), and categorical data were given as percentages. One-way
ANOVA test for comparison of normally distributed parameters
between groups and Tukey HSD test for detecting which group
differed were used. Kruskal-Wallis test was used to determine
significant differences in non-normally distributed parameters.
Mann-Whitney U-test was used to determine differences be-
tween the groups if a significant difference was found in the
Kruskal-Wallis test. For comparisons between two groups in
normally distributed parameters, student t-test was performed,
and for non-normally distributed parameters, Mann-Whitney
U-test was performed. x? test was used for categorical vari-
ables. Confidence intervals were computed at the 95% level. Ap
value below 0.05 was accepted as significant.

To analyze the correlation between olfactory dysfunction
and cognitive tests and disease properties, Pearson test or
Spearman'’s rho test was used when appropriate.

Results

The demographic and clinical properties of the Stage 1,
Stage 2, and control groups are shown in Table 1. Only age was
significantly different among the groups according to the one-
way ANOVA test (p<0.01). Post hoc Tukey HSD test demonstrat-
ed that the patients in the Stage 2 group were significantly old-
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Table 1. Clinical and demographical properties of Stage 1,
Stage 2 and control groups

Stage 1 Stage2 Control
N=10 N=18 N=19 p

Age 59.60+7.04 67.94:6.05 62.84:6.01  0.004
Gender (F/M) 19 4/14 8/11 0.149
Disease duration (month) 44.80+4154  47.11+42.13

UPSIT 15.6 £5.18 15334452 21.05:5.08 0.002
UPDRS motor 9.60+1.83 11.44+1.72 0.013
MMSE 26.70+1.70 2589+2.05 27.15+0.16  0.078

Oneway ANOVA (p<0.05), “Chi-square test, F: Female, M: Male, UPSIT: University of Pennsyl-
vania Smell Identification Test, UPDRS: Unified Parkinson’s Disease Rating Scale, MMSE:
Mini-Mental State Examination

Table 2. Neurocognitive test scores of Stage 1, Stage 2 and
control groups

Stage 1 Stage2 Control
N=10 N=18 N=19 p

Clock drawing 8.9:0.87 8.05:1.47 873+1.09  0.136
STROOP time* 59.06£1420  5372+1548 4221941  0.003
STROOP Error 1.90+1.85(1.5) 1.72£1.90(1) 0.84+0.89(1) 0.208
Verbal Fluency 25.10+7.47 2217+465  23.95+355  0.302
BLOT 20.30+2.67 1339921  2042+2.73  0.002
BFR 42.50+2.87 40.72+2.88  42.10+344  0.266
AVLT-total 11050+9.83  105.57+12.12 111.79:79  0.176
AVLT-delayed recall 8.70+2.62 8.22+2.46 9.68+1.85  0.152

Table 3. Correlation coefficiency between UPSIT scores
and cognitive functions and clinical properties
UPSIT

R P
MMSE 0.050 0.739
Clock drawing 0.277 0.060
STROOP Time -0.311 0.033"
¢STROQP Error -0.305 0.037°
Verbal Fluency 0.184 0.215
BLOT 0.098 051
BFR 0.110 0.462
AVLT-Total 0.200 0.179
AVLT-Delayed recall 0.349 0.016°
Age 0.066 0.660
UPDRS- Motor 0.124 0.529
‘Disease duration -0.171 0.386
Pearson Correlation Analyse “Spearman’s Rho correlation analyse *p<0.05 UPSIT: Uni-
versity of Pennsylvania Smell Identification Test, MMSE: Mini-Mental State Examination,
BLOT: Benton Line Judgement Orientation Test, BFR: Benton Face Recognition Testi, AVLT:
Auditory Verbal Learning Test, UPDRS: Unified Parkinson’s Disease Rating Scale

Oneway ANOVA (p<0.05), *Kruskal Wallis test, BLOT: Benton Line Judgement Orientation

Test, BFR: Benton Face Recognition Test, AVLT: Auditory Verbal Learning Test

er than both the Stage 1 and control groups (p=0.004, p=0.044,
respectively). We found a statistically significant difference
among the groups for olfactory test scores (p<0.01). According
to the post hoc Tukey HSD test, UPSIT scores were significant-
ly lower in both the Stage 1 and 2 groups compared with the
control group (p=0.018 and p=0.003, respectively). There was no
significant difference between the Stage 1 and Stage 2 groups
for UPSIT scores (p=0.923). We found no significant difference
in cognitive state evaluated by MMSE.

Student t-test for clinical properties (UPDRS motor) and
Mann-Whitney U-test for disease duration were used for com-
parisons between the Stage 1 and Stage 2 groups. UPDRS motor
scores were significantly higher in the Stage 2 group (p=0.013).
There was no significant difference for disease duration be-
tween the Stage 1 and Stage 2 groups (p>0.05).

We found no significant difference among the control, Stage
1, and Stage 2 groups for clock drawing test, verbal fluency
test, and Stroop test scores for evaluating executive functions
(Table 2). In contrast, there was a significant difference in

Stroop test time scores among the control, Stage 1, and Stage
2 groups (p=0.003). Time scores were significantly lower in the
control group compared to the Stage 1 and Stage 2 groups using
post hoc Tukey HSD test (p=0.004; p=0.027) (Table 2).

In the evaluation of the visuospatial functions, we found
a significant difference in the BLOT scores among the three
groups (p<0.05). BLOT scores were significantly lower in the
Stage 2 group compared to the control and Stage 1 groups ac-
cording to post hoc Tukey HSD test (p=0.017, p=0.003, respec-
tively). BFR results were not significantly different among the
groups (p>0.05) (Table 2). We did not find any significant differ-
ence in the verbal memory scores among the control and Stage
1 and Stage 2 groups (p>0.05) (Table 2).

We evaluated the relation of UPSIT scores with the neu-
ropsychometric test profiles of IPD patients. Our evaluation
revealed a correlation between low odor scores and some ex-
ecutive tests and low verbal memory test scores. Such a re-
lation was not observed for tests associated with visuospatial
functions (Table 3).

In addition, there was no relation between olfactory disor-
der and the duration of the disease and motor parameters mea-
sured by UPDRS motor scores.

A negative correlation was found between the UPSIT scores
and Stroop time scores of executive functions (31.1%) and be-
tween UPSIT scores and Stroop error scores (30.5%) (Table
3).While there was no significant correlation between the AVLT
total learning and UPSIT scores (p>0.05), AVLT delayed recall
scores and UPSIT results were found to correlate positively
(34.9%) (p<0.05) (Table 3).
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Discussion

Itis known that impairmentin cognitive functions is common
in early IPD (3). The pattern of this impairment is usually ob-
served in executive and visuospatial functions and also work-
ing memory (4,19). Memory is relatively affected. Recognition
is preserved. The effect of this impairment on memory is seen
in the recall stage (3). Likewise, it has been observed that in the
sampling group of this study, compared to healthy subjects, pa-
tients at the early stages exhibited low performance in execu-
tive and visuospatial tests in the neuropsychological evaluation
without overall cognitive deterioration. These findings are con-
sistent with classical knowledge.

Recently, this cognitive impairment, monitored at the early
stages of IPD, has come to be evaluated within the general con-
cept of mild cognitive impairment (MCI), which aims to highlight
development from a mild impairment to dementia in stages; this
impairment follows a pattern of progression similar to those ob-
served in other degenerative dementias. According to this ap-
proach, in a recent study by Aarsland et al., it was found that
memory impairment is the most commonly observed impairment
domain (13.3%), followed by impairment in visuospatial (11.0%)
and attentional/executive functions (10.1%) (20,21). Moreover,
the memory impairment is patterned in such a way that it in-
cludes coding/encoding impairment. The authors have indicat-
ed that the memory impairment in IPD is related to partially im-
paired attentional and cognitive functions and that even when
the attentional/executive impairment is statistically improved, a
pure memory impairment still exists. The authors also discussed
whether the memory impairment observed is an impairment in
encoding or recalling. Nevertheless, they have stated that they
have not been able to distinguish between the two, due to the
method that they used (22). In addition to this, in a couple of
older studies, episodic verbal memory impairment was reported
in IPD. Weintraub et al. have identified episodic verbal memory
impairment in IPD patients. The authors claimed that memory
impairment was overlooked and that this impairment emerged
in a mixed physiopathology, including the involvement of sub-
cortical, frontal, limbic, and temporoparietal structures (23).
Whittington et al. (24), in IPD patients in the late stages of the
disease, reported obvious encoding memory impairments. In
their review study focusing on cognitive impairment in the early
stages of IPD without dementia, Watson and Leverenz suggest
that there might be a subgroup exhibiting isolated memory im-
pairment in IPD and that this subgroup could be denoting di-
verse neuropathologic processes (25).

At this point, in order to shed light on the issue, it might be
worthwhile to review the data on the relationship between ol-
factory and memory impairment in IPD. There are several stud-
ies examining this relationship. In a cohort study analyzing a
group of IPD patients, Postuma and Gagnon identified a signifi-
cant correlation between episodic verbal memory and olfactory
impairment (6). Bohnen et al. (5) also found that there is a cor-
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Figure 1. Cognitive functions correlating with olfactory dysfunctions

relation between impaired olfactory function and poor episodic
verbal memory scores. Morley et al. (7) have reported that there
is a significant correlation between smell impairment and poor
performance in Hopkins verbal learning tests. There is also a
correlation between each test performance and the stage of the
disease, in that the average H-Y score of each group is above 2.
Damholdt et al. (8) found that anosmic IPD patients displayed
poorer composite memory scores compared to both nonanos-
mic and control group.

The common point of these studies with different patterns
is that there is a correlation between olfactory impairment ob-
served at the early stage of IPD and poor episodic verbal memo-
ry scores (5,6,7,8). This finding is consistent with the findings of
our study. As indicated in a review study by Morley and Duda,
these findings could be an indicator of a specific cognitive do-
main accompanying olfactory impairment (26). Similar to the
one in our study, in Morley's study, this memory impairment,
correlating with smell impairment, is also accompanied by a
special impairment pattern related to executive functions (8).
Unlike these studies, olfactory impairment was accompanied
by low MMSE scores in the study of Bohnen et al. and by non-
verbal memory impairment in the study of Postuma and Gagnon
(5,6). This study has further contributed to the field by indicating
that this finding is common, even in patients in the early stag-
es (H-Y 1-2). The reason for this is that all other studies have
been conducted on diverse patients and in those in relatively
later stages (H-Y>2) but still without dementia (5,6,7,8,9). The
reason that different studies implicate different cognitive do-
main impairments (except for the episodic verbal memory im-
pairments) correlating with olfactory dysfunction could be the
consequence of having examined relatively different stages of
IPD patients in these studies.

In IPD, pathological changes related to both Alzheimer and
Parkinson’s diseases are observed in the hippocampus and
temporoparietal cortex (3). In their study conducted on IPD pa-
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tients at the early stage and not taking medication, Briick et al.
(27) found that when compared to healthy controls, IPD patients
had atrophy in the hippocampus, in addition to the prefrontal
cortex. They also identified a correlation between left hippo-
campal atrophy and verbal memory functions. Although cholin-
ergic denervation and cholinergic damage in Meynert's basal
nucleus are typical findings of Alzheimer’s disease (AD), in vivo
neuroimaging studies have shown that damage is also observed
in Parkinsonian dementia, as much as it is observed in AD (28).

Bohnen et al. (29) first claimed that olfactory impairment is
associated with hippocampal dopaminergic denervation. How-
ever, in their later studies, they claimed that smell impairment
might not be related to the dopaminergic system in IPD patients
and that in these patients, central cholinergic is affected, rather
than functional imaging and dopaminergic (5,9).

These data are interpreted in two ways in terms of the un-
derlying physiopathological processes. According to the firstin-
terpretation, as highlighted in Bohnen's study, it is believed that
these findings are seen in the very early stages in patients with
AD pathology and combined pathologies (9). These patients
are likely to progress towards dementia, exhibiting early con-
solidation impairment, as well as impairments, probably in the
cholinergic mechanism accompanied by limbic impairment. In a
study conducted by Stephenson (2), after a follow-up period of
2-6 years, IPD patients that did not initially have dementia start-
ed to exhibit olfactory impairment and visual hallucinations and
developed dementia. A recently published study by Baba has
also yielded results supporting this interpretation. In this study,
44 |PD patients who did not have dementia in the beginning but
had severe hyposmia were tracked for 3 years. After tracking, it
was observed that 10 of the patients developed dementia (30).

The second interpretation asserts that starting from the ear-
ly stage, in IPD, there can be a subgroup with diverse neuro-
pathologic characteristics. The views of Postoma and Gagnon
also support this interpretation (6). Morley and Duda asserted
that for IPD, olfactory impairment is an early and a premotor
biomarker that can be used in the diagnosis and prediction of a
clinical phenotype (26). As a matter of fact, these interpretations
can be considered as following or complementing each other. A
distinct phenotype resulting from episodic memory impairment
and olfactory impairment in the early stage can lead to a more
advanced level of dementia through the physiopathological
mechanisms mentioned above in the later stages of the disease.
However, more studies need to be conducted on these physio-
pathological mechanisms.

Conclusion

In this study, the comparison of early-stage IPD patients with
healthy controls in terms of cognitive functions has shown that
there is a mild cognitive impairment pattern in IPD thatis related
to the visuospatial and frontal axis. This finding is consistent

with the cognitive impairment pattern indicated in early-stage
PD in previous studies. However, in the statistical analysis of
the relationship between hyposmia and cognitive functions in
the patient group, it was found that low performance in epi-
sodic verbal memory and frontal functions is associated with
hyposmia. This cognitive pattern is different from the pattern
pertaining to the general group. This situation may be related
to the existence of a distinct phenotype in IPD. This finding may
further clinically help explain the neurotransmitter roots of cog-
nitive impairments observed in IPD patients with hyposmia in
the early stage of the disease.
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