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ARTICLE

Low specificity and sensitivity of smell
identification testing for the diagnosis of
Parkinson’s disease

Baixa sensibilidade e especificidade do teste de identificacao de odores para o
diagnostico da doenca de Parkinson

Mayela Rodriguez-Violante™?, Paulina Gonzalez-Latapi?, Azyadeh Camacho-Ordonez?,
Daniel Martinez-Ramirez™?, Hugo Morales-Bricerio’?, Amin Cervantes-Arriaga?

ABSTRACT

Objective: The aim of this study is to determine if the University of Pennsylvania’s Smell Identification Test (UPSIT) is an accurate diagnostic
tool for olfactory dysfunction in Parkinson’s disease (PD). Method: We included 138 non-demented PD subjects and 175 control subjects
matched by gender. Smell identification was tested using UPSIT. Results: The mean number of UPSIT items correctly identified by controls
was 27.52+5.88;the mean score for PD subjects was 19.66+6.08 (p=<0.001). UPSIT sensitivity was 79.7% with a specificity of 68.5% using a
cut-off score of <25. The overall accuracy for the diagnosis of PD was of 75.3%. Conclusion: UPSIT accuracy and specificity were lower than
what has been previously reported. Our data demonstrates that 17.5% of items of the UPSIT were not well identified by healthy controls. Fur-
ther research of the identification of a truly cross-cultural test is warranted.
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RESUMO

Objetivo: O objetivo deste estudo é determinar se o University of Pennsylvania Smell Identification Test (UPSIT) € uma ferramenta diagndstica
til para a caracterizar disfuncao olfativa na doenca de Parkinson (DP). Método: Foram incluidos 138 individuos ndo dementes assuntos
PD e 175 individuos controle pareados por sexo. I[dentificacao cheiro foi testada usando UPSIT. Resultados: O nimero médio de itens UPSIT
corretamente identificados pelos controles foi de 27,52+5,88; para sujeitos com DP foi de 19,66+6,08 (p=<0,001). A sensibilidade do UPSIT
foi de 79,7%, com especificidade de 68,5%, utilizando um ponto de corte de <25. A exatidao global para o diagnostico de DP foi de 75,3%.
Conclusao: A precisao e a especificidade do UPSIT foram menores do que o que foi relatado anteriormente. Nossos dados demonstram que
17,5% dos itens da UPSIT nao foram adequadamente identificados pelos controles saudaveis. Sao necessarias outras pesquisas para a
identificacao de um teste verdadeiramente cross-cultural nessa area.

Palavras-chave: doenca de Parkinson, University of Pennsylvania Smell Identification Test, olfato, teste de diagnostic.

Currently, the diagnosis of Parkinsons disease (PD) relies
mainly on clinical assessment and criteria. Dopamine trans-
porter scans are useful for the differential diagnosis of some
parkinsonisms"?* nevertheless, their availability in developing
countries is limited.

In recent years, the diagnosis of non-motor symptoms of
PD has acquired greater clinical relevance. These symptoms
may be present early in the disease and, as such, may prove
to be useful as potential biomarkers for premotor diagnosis®.

Olfactory dysfunction is one of the most prevalent non-
motor symptoms of PD. It is found in up to 90% of subjects®.
Furthermore, hyposmia may be detected years before motor
symptomatology develops®”. The Braak hypothesis propo-
ses the olfactory bulb as one of the regions affected in early
stages of PD?.

Among olfactory testing, smell identification tests are the
most frequently used in PD subjects, mainly because they are
easy to apply and interpret’. These tests have been proposed
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as useful markers for the detection of PD in first-degree rela-
tives of subjects with hereditary PD%"!°. Moreover, smell iden-
tification tests may be valuable to differentiate PD from other
movement disorders'".

The only published account of formal olfactory tes-
ting in Mexican PD subjects was carried out using the brief
smell identification test (BSIT)'. BSIT is a shorter version
of the University of Pennsylvania Smell Identification Test
(UPSIT), and, as such, it is quicker to apply. This test showed
a 71.4% sensitivity and 85.7% specificity, with an accuracy
of 78.6% to differentiate PD subjects from healthy controls.
Because of the greater number of items; the 40-item UPSIT
may have a greater accuracy than the BSIT, for the identifi-
cation of PD subjects.

The aim of this study is to determine if UPSIT is a more
accurate diagnostic tool for PD in Mexican population.

METHODS

We recruited 138 non-demented (Montreal Cognitive
Assessment Test™ score 26) subjects, who fulfilled the Queen
Square Brain Bank Criteria'* for PD, from the movement
disorder specialist clinic at the National Institute of Neu-
rology and Neurosurgery, in Mexico City, Mexico. None of
the subjects had undergone functional neurosurgery for PD.
Also, 175 healthy controls were recruited among visitors to
the hospital. Exclusion criteria for both groups included his-
tory of seasonal allergies, nasal illness or surgery, severe head
trauma or current upper respiratory tract infection. Control
subjects with a first or second-degree family history of any
neurodegenerative disease including PD were also excluded.

We collected sociodemographic variables including gen-
der, age, smoking status and place of residence (urban or
rural). PD severity was determined according to the Hoehn
and Yahr (HY) scale®.

The local research and ethics committee approved this
study. All participants provided written informed consent.

Smell testing

The Spanish version of the University of Pennsylvania
Smell Identification Test (UPSIT, Sensonics, Haddon Heights,
New Jersey, USA) was used. The UPSIT consists of four book-
lets, each containing ten microencapsulated odors. The test
was applied by scratching each microcapsule with a pencil
tip and presented immediately to the subject for sniffing. The
subject was then offered four possible responses for each
odor and was asked to select one of the options even if no
smell was perceived or identified.

Statistical analysis

Demographic data was reported in terms of percenta-
ges, mean and standard deviation. The percentage of items
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correctly identified by control subjects and PD subjects was
compared using a y? test. The UPSIT total score between
groups was compared by an independent t-student test. To
evaluate the factors that independently affected UPSIT score,
we performed multiple linear regressions. UPSIT sensitivity
and specificity estimates were determined using a Receiver
Operator characteristic (ROC) curve analysis. A PD probabi-
lity curve (estimated probability of belonging to the PD
group) was determined by logistic regression with PD as out-
come and the UPSIT score as independent variable.

RESULTS

Demographic data for both groups is shown in Table.
There was no significant difference in age (p=0.233) or gender
(p=0.087) between control and PD subjects. Mean disease du-
ration for PD subjects was 7.4+6.1 years. In regards to disease
stage, 73.2% of PD subjects presented at a mild stage of di-
sease (HY 1-2), 21.7% presented a moderate stage (HY 3) and
5.1% presented a severe stage (HY 4-5).

Smell identification in PD and control subjects

The mean score for controls was 27.52+5.88; mean score
for PD subjects was 19.66+6.08 (p=<0.001). The distribu-
tion of correctly identified items by each group is shown on
Figure 1. Identification of the items cheese, peach, pickles,
pine and soap was not significantly different between con-
trol and PD subjects.

Multiple regression analysis

Multiple linear regressions showed diagnosis (p=<0.001,
B=7.48), age (p=<0.001, B=-0.262) and gender (p=0.001,
B=2.505) to be significant independent predictors of UPSIT
score. Neither area of residence (p=0.71) or smoking status
(p=0.9) were significant.

UPSIT sensitivity and specificity

UPSIT sensitivity was 79.7% with a specificity of 68.5% us-
ing a cut-off score <25 (Area under the curve =0.82, IC 95%
0.77-0.87, p=<0.001). The overall accuracy of the diagnosis of

Table. Comparison of demographic data.

PD group Control group
(n=138) (n=175)
Age (years+SD) 62.3112.52 60.847.89 0.233
Gender (male) 58.7% 48.6% 0.087
Residence (urban) 81.9% 80% 0.773
Smoking status 0.554
Never (%) 66% 94%
Suspended (%) 55% 60%
Actual (%) 16% 21%

PD: Parkinson’s disease; SD: standard deviation.
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PD: Parkinson’s disease; UPSIT: University of Pennsylvania Smell Identification Test.
Figure 1. Number of subjects who correctly identified each item in UPSIT.

PD was 75.3%. The ROC curve is presented as Figure 2. Since
age and gender were significant determinants of the UPSIT
total score for both groups, we divided subjects into women
more than 67 years old and women with an age of 67 or less.
In this case, UPSIT sensitivity for PD detection was 85.7%
with a 62.6% specificity for a cutoff score <25 (Area under the
curve =0.79, IC 95% 0.74-0.84, p=<0.001). PD probability rela-
ted to the UPSIT total score is presented as Figure 3.

DISCUSSION

This is the first study to report UPSIT testing in Mexican
PD subjects. UPSIT was more sensitive than B-SIT for Me-
xican population. Nevertheless, both specificity and accu-
racy with UPSIT were lower than those reported using
the B-SIT. In addition, UPSIT specificity for the detection
of PD is lower than expected based on other international
reports. Optimal cut-off values are also lower than those
proposed by previous studies'®”. In a previous study, the

UPSIT total score was significantly lower in healthy subjects
living in Mexico City, when compared to healthy subjects
living in areas with milder air pollution. Eighty-three per-
cent of subjects in our study lived in an urban area (Mexico
City); as such, they are exposed to severe air pollution,
which may have impaired total UPSIT scores, particularly in
control subjects.

Of the 40 items included in UPSIT, seven were identi-
fied by less than 50% of control subjects. These items were
rose, cherry, nut, turpentine, pizza, cheese and pickles. In the
United States, most of the UPSIT items are correctly iden-
tified by more than 90% of healthy subjects®. This suggests
that some items may not be adequate to evaluate olfac-
tory dysfunction in a Mexican population, probably due to
cultural issues. Silveira-Moriyama et. al. also reported a de-
creased identification of the odors pizza, cheese and pickles
in Brazilian control subjects’. In Japan, ten of the UPSIT odor-
ants, including cherry, clove, fruit punch, licorice, lilac, lem-
on, paint thinner and pine, had an identification rate of less
than 70% in normal subjects®.
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UPSIT: University of Pennsylvania Smell Identification Test.
Figure 2. Sensitivity and specificity of UPSIT.

UPSIT has been used in previous studies for the detection
of PD. Doty et al report sensitivity and specificity between
76% and 91% according to gender and age for PD detection'.
In Brazil, a sensitivity of 82.1% with a specificity of 83.5% for
the diagnosis of PD was reported®. In Mexico, the only pu-
blished account of olfactory testing in PD subjects was car-
ried out using B-SIT. The accuracy of this test for Mexican PD
subjects was lower than what had been reported for other
developing countries'

Regarding other smell identification tests, the SS-16 in
Brazilian population had a specificity of 89% with a sensi-
tivity of 81.1%°. Another study on 70 Brazilian patients and
70 controls showed that the SS-16 had a sensibility of 88.2%
and specificity of 85.7% for discriminating late onset PD from
controls. Sensitivity and specificity was significantly lower
(63.2% and 78.6% respectively) when trying to establish a
diagnosis of early onset Parkinson’s disease”. A small study
in Chilean PD patients and controls, with 40 subjects in each
group, reported a sensitivity of 100% and a specificity of 95%
on the SS-12%

Most international studies report age, gender and smo-
king status as factors that affect UPSIT total score. In the
present study, subjects that were male or older corresponded
to a lower UPSIT total score. Smoking has been related with
alow risk of PD thus a difference on smoking status between
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PD: Parkinson’s disease; UPSIT: University of Pennsylvania Smell Identi-
fication Test.

Figure 3. Parkinson’s disease probability curve for the UPSIT.

PD subjects and control subjects was expected®. The lack of
that difference in our study may reflect a selection bias due to
the fact that controls were recruited from visitors to the hos-
pital. Nevertheless, the homogeneity between groups reduces
the risk of a non-random bias.

Limitations of this study include the fact that PD diag-
nosis was done solely on clinical evaluation, as confirmation
of PD either by functional assessment or histopathology was
not performed. Because of this, it is possible that some par-
kinsonisms may have been included in the PD group.

It was carried out in subjects from a reference center,
which may limit result generalization to primary care.

Also, most subjects included in this study lived in an area
with high levels of air pollution, which may affect olfaction.
Therefore, future studies involving control subjects matched
by area of residence may be needed.

Finally, although a Spanish version of the UPSIT was
used, some of the odors of this test may not be familiar to
a Mexican population. Our data demonstrates that 17.5% of
items of the UPSIT were not well identified by healthy con-
trols. Given the increasing importance of smell testing as
a diagnostic tool for Parkinsons disease and other move-
ment disorders, further research for the identification of
either a truly cross-cultural test or a population-specific test
is warranted.
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