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 Background: Olfactory impairment is an early symptom of Alzheimer disease (AD). However, it is rarely assessed in clinical 
practice. This study aimed to assess the identification and discrimination of specific odors in patients with ear-
ly-stage AD using the Sniffin’ Sticks test and determine the items that would be most valuable in the diagno-
sis of early-stage AD in order to create a brief test of olfactory dysfunction.

 Material/Methods: Three groups of participants were enrolled, including 30 patients with mild cognitive impairment due to AD 
(MCI-AD group), 30 with mild dementia due to AD (MD-AD group), and 30 older participants with normal cogni-
tion (NC group). All participants underwent cognitive (Clinical Dementia Rating, Mini-Mental State Examination, 
Alzheimer’s Disease Assessment Scale-Cognitive Subscale, and verbal fluency tests) and olfactory (Burghart 
Sniffin’ Sticks odor identification and odor discrimination tests) assessments.

 Results: The MD-AD group scored significantly lower than the MCI-AD group and the MCI-AD group scored significant-
ly lower than the NC group in both the odor identification (P<0.001) and discrimination (P<0.05) tasks. The 
shortened versions of the odor identification and discrimination tasks showed good diagnostic properties in 
differentiating patients with AD from the NC participants (receiver operating characteristic [ROC] area under 
the curve [AUC]=0.912 and 0.954, respectively) and differentiating patients with MCI-AD from the NC partici-
pants (ROC AUC=0.871 and 0.959, respectively).

 Conclusions: The brief versions of olfactory tests, containing selected items that were found to differ the most between cog-
nitively normal participants and early-stage AD patients, have good diagnostic qualities and can aid clinicians 
in screening for early-stage AD.
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Background

Despite recent advances in neuroimaging, cerebrospinal fluid, 
and blood biomarkers, diagnosing early-stage Alzheimer dis-
ease (AD) remains challenging [1-3]. This is especially true in 
primary care, as these biomarkers are often expensive and not 
available in community settings. Currently available biomark-
ers for diagnosing AD measure brain amyloid-beta (Ab) protein 
deposition and neuronal degeneration and require cerebrospi-
nal fluid analysis or advanced neuroimaging techniques [1,2].

According to a survey by the Alzheimer’s Association, the lack 
of specialists and facilities to perform diagnostic testing was 
the most commonly cited challenge faced by primary care phy-
sicians in the United States when diagnosing mild cognitive 
impairment (MCI) due to AD [4]. The situation is even worse 
in low- and middle-income countries, where up to 90% of de-
mentia cases are not diagnosed, according to estimations by 
Alzheimer’s Disease International [5]. Additionally, the survey 
by the Alzheimer’s Association showed that cognitive testing 
was often not sufficient to accurately identify patients with 
early changes, with 72% of primary care physicians stating that 
they found it challenging to differentiate MCI from normal ag-
ing deficits [4]. Therefore, additional objective measures that 
would be sensitive, affordable, and widely accessible for pre-
dicting early-stage AD are needed.

Olfactory impairment is an early and common symptom of AD. 
According to various studies, olfactory impairment manifests 
prior to cognitive decline and is present in up to 90% of pa-
tients with AD [6-9]. Odor identification tests have been the 
most studied olfactory assessment methods, while other ol-
factory functions have rarely been analyzed in patients with 
AD. Odor identification testing was recognized as an inexpen-
sive and short method that can serve as an excellent screening 
tool by helping to accurately identify early changes and pre-
vent a delay in diagnosis [10]. However, olfactory dysfunction 
assessment is rarely used in clinical practice for diagnosing AD.

One possible limitation of olfactory testing in clinical practice 
is the relatively long duration of assessment. The University 
of Pennsylvania Smell Identification Test (UPSIT) is the most 
commonly used odor identification test and consists of 40 
odors [11,12]. The Sniffin’ Sticks test, which is particularly pop-
ular in Europe, consists of 16 odors [11,13]. However, intervals 
of at least 30 s are recommended between the presentation 
of odors to prevent olfactory desensitization [13].

Various shortened versions of the UPSIT, such as the Brief 
Smell Identification Test, Quick Smell Identification Test, and 
Pocket Smell Test, were created to provide a more convenient 
method for screening patients [11,14]. Some of these short-
ened versions have even been tested in patients with AD and 

have shown encouraging results [15,16]. Attempts have also 
been made to select UPSIT items that would be the most spe-
cific for detecting AD [10,17,18]. A shortened version of the 
Sniffin’ Sticks odor identification test was also created [19]. 
However, it was not tested in patients with AD.

Since odor discrimination has rarely been tested in previous 
studies, information regarding the discrimination of specif-
ic odorants and shortened versions of the tests are lacking.

The objective of this study was to explore the processing of 
specific odors in patients with early-stage AD using Sniffin’ 
Sticks odor identification and odor discrimination tasks. We 
aimed to assess the identification and discrimination of specific 
odors in patients with early-stage AD using the Sniffin’ Sticks 
test and determine the items that would be most valuable in 
the diagnosis of early-stage AD in order to create a brief test 
of olfactory dysfunction and explore its diagnostic qualities.

Material and Methods

Participants

The study was approved by the Vilnius Regional Bioethics 
Committee (approval number: 2021/6-1355-830). The study 
was conducted according to the principles of the Declaration 
of Helsinki. All participants were informed of the study proce-
dures. All participants agreed to participate in the study and 
provided written informed consent by signing relevant writ-
ten informed consent forms.

Three groups of participants were enrolled in the study. The 
first group included patients diagnosed with mild dementia 
(MD) due to AD: MD-AD group, based on the National Institute 
on Aging-Alzheimer’s Association (NIA/AA) criteria for proba-
ble AD and Clinical Dementia Rating (CDR) total score of 1 [2]. 
The second group consisted of patients diagnosed with MCI 
due to AD: MCI-AD group, according to the NIA/AA criteria for 
MCI due to AD and CDR total score of 0.5 [1]. The third group 
comprised older participants with normal cognition: NC group. 
Each group included 30 participants.

Participants were enrolled only if they had no other central 
nervous system disorders except MCI due to AD or AD and 
no significant cerebrovascular pathology (Hachinski Ischemic 
Score <4).

Other exclusion criteria were history of severe brain trauma, sig-
nificant psychiatric conditions (psychosis, depression [Geriatric 
Depression Scale score > 9], substance abuse, or psychoactive 
medications), history of nasal trauma or surgery, smoking, and 
recent viral infections potentially affecting olfaction.
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Assessment	of	Cognitive	Functions

Demographic information (age, sex, duration of AD symptoms, 
and medical history) was obtained from each participant.

For the assessment of global cognitive functioning, the Mini-
Mental State Examination (MMSE) and CDR were performed 
[20,21]. Further evaluation was performed using the Alzheimer’s 
Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) [20]. 
Phonemic (PAS) and categorical (animals) verbal fluency were 
also evaluated.

Assessment of Olfactory Function

The Sniffin’ Sticks odor identification test and odor discrim-
ination test were performed (Burghart®, Wedel, Germany).

The Sniffin’ Sticks odor identification test consists of 16 odors: 
orange, leather, cinnamon, peppermint, banana, lemon, lico-
rice, turpentine, garlic, coffee, apple, clove, pineapple, rose, 
anise, and fish. Each odor was presented using a felt tip pen. 
The cap was removed, and the odor was presented only once 
for 3 to 4 s. The participants were asked to choose which of 
the 4 items in the answering card best described the odor. 
They were prompted to choose an item, even if they were un-
certain. A time interval of 30 s was maintained between the 
odor presentations. The odor identification score is the num-
ber of correct responses out of 16 [22].

The Sniffin’ Sticks odor discrimination test consists of 16 trip-
lets of odors, which are presented using felt tip pens. The par-
ticipant was asked to identify which item had a different odor 
from the other two in each triplet. The odors were presented in 
the order provided by the test instructions. Each odor was pre-
sented only once, for 3 to 4 s. A time interval of 3 s was main-
tained between odors in the same triplet. A time interval of 30 s 
was maintained between the sets of triplets. The odor discrim-
ination score is the number of correct responses out of 16 [22].

The examiner used odorless gloves during the olfactory test-
ing. The participants were asked not to drink or eat anything 
for at least 15 min prior to testing [22].

Data Analysis

Statistical analysis was performed using IBM SPSS Statistics 
for Windows, Version 26.0 (IBM Corp, Armonk, NY, USA).

The Shapiro-Wilk test was used to determine the normality 
of data distribution.

Differences in categorical variables between groups were ana-
lyzed using a 2-tailed chi-square test (for determining differences 

between groups in the sex of the participants) and Fisher’s exact 
test (for determining differences between groups in the frequen-
cy of correct identification and discrimination of specific odors).

Differences between 2 groups of non-normally distributed 
numerical variables were analyzed using the Mann-Whitney 
U test. The Mann-Whitney test was used for determining the 
difference between MCI-AD and MD-AD groups in the dura-
tion of AD symptoms.

Comparisons between 3 groups of numerical variables were per-
formed using one-way analysis of variance (ANOVA) for normal-
ly distributed variables (overall odor identification score) and 
the Kruskal-Wallis test for non-normally distributed variables 
(age of participants, years of education, Hachinski Ischemic 
Score, results of the Geriatric Depression Scale, results of the 
MMSE, CDR sum of boxes, results of the ADAS-Cog, results of 
fluency tests, and overall odor discrimination score).

Items that were found to differ the most between cognitive-
ly normal participants and early-stage AD patients were se-
lected for the 4-odor identification score and the 4-odor dis-
crimination score. The multiple linear regression models with 
age, sex, education, duration of symptoms, ADAS-Cog score, 
and composite verbal fluency test score (fluency PAS + fluen-
cy animals) as independent variables, and the 4-odor identifi-
cation score or the 4-odor discrimination score as dependent 
variables were tested to determine whether these indepen-
dent variables significantly predicted the 4-odor identification 
score and the 4-odor discrimination score.

Receiver operating characteristic (ROC) curve analysis was per-
formed to evaluate the accuracy of the 4-odor identification 
score and the 4-odor discrimination score.

Statistical significance was set at P<0.05. In the case of multi-
ple comparisons using Fisher’s exact test, Bonferroni correction 
was applied, and a P value <0.016 was considered significant.

Results

Demographic	and	Clinical	Characteristics

Patients in the MD-AD group were significantly older than those 
in the MCI-AD and NC groups. However, the MCI-AD and NC 
groups did not show any significant differences in age. The 
median age [age range] was 78 [65-85], 72 [60-84], and 74 
[63-89] years in the MD-AD, MCI-AD, and NC groups, respec-
tively (Kruskal-Wallis test, P<0.05; post hoc analysis revealed 
significant differences between the NC and MD-AD groups as 
well as the MCI-AD and MD-AD groups but no significant dif-
ference between the NC and MCI-AD groups).
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The 3 groups did not differ significantly according to years of ed-
ucation, Hachinski Ischemic Score, or Geriatric Depression Scale 
results (Kruskal-Wallis test, P>0.05). They also did not differ signif-
icantly according to sex (2-tailed chi-square test, P>0.05; Table 1).

The median duration [range of duration] of AD symptoms was 
4 [2-6] years in the MD-AD group and 3 [1-5] years in the MCI-
AD group. The difference between the groups was significant 
(Mann-Whitney U test, P<0.001).

The results of the cognitive tests differed significantly among 
the 3 groups. In all cases, the Kruskal-Wallis test and post hoc 
analysis revealed significant differences among the 3 groups 
(P<0.05). The median and interquartile range of the MMSE, 
CDR sum of boxes, ADAS-Cog scores, and results of fluency 
tests are provided in Table 2.

Odor Identification

Overall odor identification scores differed significantly among 
the 3 groups. Mean (standard deviation [SD]) scores were 12.77 

(1.43) in the NC group, 9.3 (2.23) in the MCI-AD group, and 7.0 
(2.13) in the MD-AD group (one-way ANOVA, P<0.001; post hoc 
analysis revealed significant differences among all 3 groups).

Five odors (leather, lemon, licorice, apple, and pineapple) were 
excluded from further analysis because of poor identification 
(<70% correct responses) in the NC group.

The identification scores for the remaining odors are present-
ed in Table 3.

Nine of the remaining 11 odors (all except anis and turpen-
tine) had significantly worse identification scores in the MD-
AD group than in the NC group (Fisher’s exact test, P<0.016). 
Three odors (clove, garlic, and banana) had significantly worse 
identification scores in the MCI-AD group than in the NC group 
(Fisher’s exact test, P<0.016). The identification scores of all 
11 odors did not differ significantly between the MCI-AD and 
MD-AD groups (Fisher’s exact test, P>0.016).

NC	(N=30) MCI-AD	(N=30) MD-AD	(N=30)

Male (%)*  13 (43.3%)  13 (43.3%)  12 (40.0%)

Years of education*  15 [13.5-16]  16 [14-16]  16 [13-16]

Age**  74 [68.75-76]  72 [67.75-77.25]  78 [75-79.25]

GDS*  5.5 [4-6.25]  5.5 [4-6]  5 [4-6.25]

HIS*  1 [0-1]  1 [0-1]  1 [1-1.25]

Duration of AD symptoms (in years)*** N/A  3 [2-3]  4 [3-5]

Table 1. Demographic and clinical characteristics of the participants.

GDS – Geriatric Depression Scale; HIS – Hachinski Ischemic Score; NC – normal cognition; AD – Alzheimer disease; MCI-AD – mild 
cognitive impairment due to Alzheimer disease; MD-AD – mild dementia due to Alzheimer disease; N/A – not applicable. Data are 
represented as median and interquartile range unless otherwise specified. * The groups did not differ significantly. ** The MD-AD 
group differed significantly from the MCI-AD and NC groups. No significant differences were observed between the NC and MCI-AD 
groups. *** The MD-AD group differed significantly from the MCI-AD group.

NC	(N=30) MCI-AD	(N=30) MD-AD	(N=30)

MMSE*  29 [29-30]  26 [25-26]  22 [21-23]

CDR sum of boxes*  0 [0-0]  2 [1.5-2.5]  5 [4.5-5.5]

ADAS-Cog*  5.33 [4.59-7]  11.33 [9.17-13.75]  17.67 [15.17-20.33]

Categorical fluency (animals)*  20 [14.75-22]  13 [11-17]  10 [7-12]

Phonemic fluency (PAS)*  37 [28-41]  28.5 [25-34.25]  21 [14.75-27.25]

Table 2. Results of the cognitive assessments.

NC – normal cognition; MCI-AD – mild cognitive impairment due to Alzheimer disease; MD-AD – mild dementia due to Alzheimer 
disease; CDR – Clinical Dementia Rating; MMSE – Mini-Mental State Examination; ADAS-Cog – Alzheimer Disease Assessment Scale-
Cognitive Subscale. Data are presented as median and interquartile range. * All 3 groups differ significantly.
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Four odors that had the greatest differences in identifica-
tion scores between the MD-AD and NC groups were select-
ed (Fisher’s exact test, P<0.001). The identification score for 
these 4 odors (clove, garlic, cinnamon, and banana) was cal-
culated. ROC curve analysis was performed to evaluate the 
performance of the 4-odor identification score in differenti-
ating the NC participants from patients with AD (MCI-AD or 
MD-AD), MCI-AD, and MD-AD and the patients with MCI-AD 
from those with MD-AD. The ROC curves with the area under 
the curve (AUC) are shown in Figure 1.

A cut-off score of £3 for detecting AD was chosen. Using this 
cut-off score for differentiating patients with AD (MCI-AD or 
MD-AD) from NC participants, the 4-odor identification score 
had a sensitivity and specificity of 91.67% (95% confidence in-
terval [CI]: 81.61-97.24%) and 76.67% (95% CI: 57.72-90.07%), 
respectively. The negative and positive predictive values were 
82.14% (95% CI: 66.01-91.59%) and 88.71% (95% CI: 80.35-
93.79%), respectively. The overall diagnostic accuracy was 
86.67% (95% CI: 77.87-92.92%).

The diagnostic characteristics remained good when differen-
tiating patients with MCI-AD from NC participants. Using the 
same cut-off score of £3, the 4-odor identification score had 
a sensitivity and specificity of 86.67% (95% CI: 69.28-96.24%) 
and 76.67% (95% CI: 57.72-90.07%), respectively. The negative 
and positive predictive values were 85.19% (95% CI: 69.33-
93.60%) and 78.79% (95% CI: 65.67-87.82%), respectively. The 
overall diagnostic accuracy was 81.67% (95% CI: 69.56-90.48%).

A multiple linear regression model with age, sex, education, 
duration of symptoms, ADAS-Cog score, and composite verbal 
fluency test score (fluency PAS + fluency animals) as indepen-
dent variables was tested to determine whether these vari-
ables significantly predicted the 4-odor identification score.

The overall regression was statistically significant (R2=0.471, 
F=14.205, P<0.001), with symptom duration (b=-0.446, P<0.001) 
being the only significant predictor of the 4-odor identifica-
tion score.

Odor Discrimination

Overall odor discrimination scores differed significantly among 
the 3 groups. Median [interquartile range] scores were 12.5 
[11-14] in the NC group, 9 [7-10] in the MCI-AD group, and 
6 [5-7.25] in the MD-AD group (Kruskal-Wallis test, P<0.05; 
post hoc analysis revealed significant differences between 
all 3 groups).

Five triplets were excluded from further analysis because 
of poor identification (<70% of correct responses) in the NC 
group. The discrimination scores of the remaining odors are 
presented in Table 4.

Odor discrimination scores in 9 of the remaining 11 triplets 
were significantly worse in the MD-AD group than in the NC 
group (Fisher’s exact test, P<0.016), while odor discrimination 
scores in 8 triplets were significantly worse in the MCI-AD group 
than in the NC group (Fisher’s exact test, P<0.016). Odor dis-
crimination scores in the triplet containing 2-phenylethanol as 

Odor NC	correct	responses	(%) MCI-AD	correct	responses	(%) MD-AD	correct	responses	(%)

Clovea,b  30 (100.00)  19 (63.33)*  18 (60.00)*

Fish  29 (96.67)  28 (93.33)  20 (66.67)*

Orange  29 (96.67)  23 (76.67)  19 (63.33)*

Garlicb  29 (96.67)  22 (73.33)  17 (56.67)*

Coffee  28 (93.33)  24 (80.00)  19 (63.33)*

Cinnamonb  28 (93.33)  19 (63.33)*  10 (33.33)*

Peppermint  27 (90.00)  24 (80.00)  16 (53.33)*

Rose  27 (90.00)  22 (73.33)  15 (50.00)*

Bananab  26 (86.67)  16 (53.33)*  7 (23.33)*

Anis  25 (83.33)  19 (63.33)  17 (56.67)

Turpentine  22 (73.33)  12 (40.00)  16 (53.33)

Table 3. Results of the odor identification test.

NC – normal cognition; AD – Alzheimer disease; MCI-AD – mild cognitive impairment due to Alzheimer disease; MD-AD – mild 
dementia due to Alzheimer disease. * Significantly different from the NC group (P<0.016). a The odor that differed the most (P<0.001) 
between the MD-AD and NC groups. b The odors that differed the most (P<0.001) between the MCI-AD and NC groups.
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the target odor and isoamyl acetate as the non-target odor 
differed significantly between the MCI-AD and MD-AD groups 
(Fisher’s exact test, P<0.001). Odor discrimination scores in all 
the remaining 10 triplets did not differ significantly between 
the MCI-AD and MD-AD groups (Fisher’s exact test, P>0.016).

The 3 triplets that differed the most between the MCI-AD and 
NC groups and the triplet with 2-phenylethanol as the target 
odor and isoamyl acetate as the non-target odor that differed 
significantly between the MCI-AD and MD-AD groups were se-
lected for the 4-odor discrimination score. ROC curve analysis 

was performed to evaluate the performance of the 4-odor dis-
crimination score in differentiating the NC participants from 
patients with AD (MCI-AD or MD-AD), MCI-AD, and MD-AD and 
the patients with MCI-AD from those with MD-AD. The ROC 
curves with AUC are shown in Figure 2.

A cut-off score of £3 for detecting AD was chosen. Using this 
cut-off score for differentiating patients with AD (MCI-AD or MD-
AD) from NC participants, the 4-odor discrimination score had a 
sensitivity and specificity of 98.33% (95% CI: 91.06-99.96%) and 
76.67% (95% CI: 57.72-90.07%), respectively. The negative and 
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Figure 1.  (A-D) Performance of the 4-odor identification score in differentiating participants of the various groups. NC – normal 
cognition; AD – Alzheimer disease; MCI-AD – mild cognitive impairment due to Alzheimer disease; MD-AD – mild dementia 
due to Alzheimer disease; AUC – receiver operating characteristic (ROC) area under the curve. Created using IBM SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.
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positive predictive values were 95.83% (95% CI: 76.53-99.39%) 
and 89.39% (95% CI: 81.49-94.16%), respectively. The over-
all diagnostic accuracy was 91.11% (95% CI: 83.23-96.08%).

The diagnostic characteristics remained good when differen-
tiating patients with MCI-AD from NC participants. Using the 
same cut-off score of £3, the 4-odor discrimination score had 
a sensitivity and specificity of 100% (95% CI: 88.43-100%) and 
76.67% (95% CI: 57.72-90.07%), respectively. The negative 
and positive predictive values were 100% and 81.08% (95% 
CI: 69.14-89.13%), respectively. The overall diagnostic accura-
cy was 88.33% (95% CI: 77.43-95.18%).

A multiple linear regression model with age, sex, education, 
duration of symptoms, ADAS-Cog score, and composite ver-
bal fluency test score (fluency PAS + fluency animals) as inde-
pendent variables was used to determine whether these vari-
ables significantly predicted the 4-odor discrimination score.

The overall regression was statistically significant (R2=0.552, 
F=17.056, P<0.001), with symptom duration (b=-0.485, P<0.001) 
being the only significant predictor of the 4-odor discrimina-
tion score.

Discussion

In this study, odor identification and odor discrimination were 
impaired in patients with prodromal AD (MCI due to AD). This 

impairment was even more pronounced in patients with MD 
due to AD. These findings are in accordance with previous re-
search in which olfactory dysfunction was demonstrated in 
patients with early-stage AD [6-9,23]. In previous studies, the 
changes were also found to be already present in MCI due to 
AD and further worsen in the dementia stage [24].

The duration of AD symptoms was the only significant predic-
tor of odor identification and odor discrimination scores. This 
result confirms that olfactory dysfunction in AD is associated 
with the disease processes and cannot be explained by cog-
nitive deficits that are observed in patients with AD or by oth-
er factors that influence olfaction in the general population, 
such as age and sex [6,7].

The identification scores of clove, garlic, cinnamon, and ba-
nana odors differed the most between the patients with AD 
and healthy participants in the present study. Although the re-
sults of previous studies are not completely uniform, they also 
indicate that clove [10,17], banana [25,26], and garlic [26-28] 
are among the most sensitive odors for testing patients with 
AD. However, cinnamon was not found to be sensitive for de-
tecting olfactory dysfunction in patients with AD in previous 
studies. Furthermore, it was not included in the sets of 10 
odors that were determined to be the most suitable for test-
ing patients with AD [10,17].

In previous studies, identification of the rose odor was 
most consistently found to be impaired in patients with AD 

Target odor Non-target odor
NC	correct 

responses	(%)
MCI-AD	correct 
responses	(%)

MD-AD correct 
responses	(%)

2-Phenylethanola Isoamyl acetatea  29 (96.67)  20 (66.67)*  6 (20.00)*

(+)-Limonenea,b (+)-Fenchoneb  29 (96.67)  13 (43.33)*  15 (50.00)*

Pyridinea (-)-Limonenea  28 (93.33)  21 (70.00)  13 (43.33)*

Octyl acetatea Cinnamaldehydea  28 (93.33)  19 (63.33)*  11 (36.67)*

2-Phenylethanola,b (+)-Mentholb  28 (93.33)  16 (53.33)*  12 (40.00)*

1-Butanola (+)-Fenchonea  27 (90.00)  21 (70.00)  11 (36.67)*

Eucalyptola a-Iononea  27 (90.00)  17 (56.67)*  10 (33.33)*

(-)-Limonenea Citronellala  25 (83.33)  14 (46.67)*  9 (30.00)*

Anetholea,b Eugenolb  23 (76.67)  10 (33.33)*  11 (36.67)*

Isoamyl acetate Anethole  21 (70.00)  22 (73.33)  17 (56.67)

Citronellal Linalool  21 (70.00)  10 (33.33)*  16 (53.33)

Table 4. Results of the odor discrimination test.

NC – normal cognition; AD – Alzheimer disease; MCI-AD – mild cognitive impairment due to Alzheimer disease; MD-AD – mild 
dementia due to Alzheimer disease. * Significantly different from the NC group (P<0.016). a Triplets that differed the most (P<0.001) 
between the MD-AD and NC groups. b Triplets that differed the most (P<0.001) between the MCI-AD and NC groups.
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[10,18,27-30]. In our study, the identification of the rose odor 
was also significantly impaired in the MD-AD group; however, 
it was not among the odors that differed the most between 
MD-AD and NC groups. Thus, it was not included in the short-
ened version of the odor identification score.

The shortened odor identification score, consisting of 4 odors 
(clove, garlic, cinnamon, and banana), had good diagnostic qual-
ities for detecting AD and even MCI due to AD in the present 
study. Previous studies had determined that the 3-item Pocket 
Smell Test had acceptable, albeit slightly worse, diagnostic 

accuracy [15,31-33]. However, in previous studies, standard tests 
containing lemon/lilac/smoke or apple/gas/rose odorants were 
used, and these combinations were not chosen specifically for 
patients with AD. Considering these results of previous studies, 
our findings indicate that short versions (3-4 items) of the odor 
identification test have good diagnostic properties and could 
be useful in diagnosing early-stage AD, particularly if specific 
items that are the most sensitive for predicting AD are chosen.

The short versions of olfactory tests could improve their 
applicability in clinical practice because they are less time 
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Figure 2.  (A-D) Performance of the 4-odor discrimination score in differentiating participants of the various groups. NC – normal 
cognition; AD – Alzheimer disease; MCI-AD – mild cognitive impairment due to Alzheimer disease; MD-AD – mild dementia 
due to Alzheimer disease; AUC – receiver operating characteristic (ROC) area under the curve. Created using IBM SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.
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consuming. In the present study, the Sniffin’ Sticks test was 
used and proved to have good diagnostic qualities. Gathering 
data on different olfactory tests is crucial because the cost of 
the most commonly used tests could be a factor limiting their 
wider application. The UPSIT and all other tests derived from 
it are single-use “scratch-and-sniff” tests that must be pur-
chased separately for each patient [11,12]. The Sniffin’ Sticks 
test was designed to be used repetitively over a period of sev-
eral months [13].

Odor discrimination demonstrated a different pattern of im-
pairment than odor identification. In the case of odor iden-
tification, the identification scores for most odors were sig-
nificantly worse in patients with MD-AD than in the healthy 
participants. However, the identification scores of only 3 odors 
were significantly worse in patients with MCI-AD than in the 
healthy participants. In contrast, the scores of the odor dis-
crimination task for most odors were significantly worse in pa-
tients with MCI-AD than in the healthy participants, indicat-
ing pronounced impairment in odor discrimination during the 
early stage of the disease. Accordingly, the shortened version 
of the odor discrimination task had better diagnostic qualities 
for prodromal AD than the shortened version of odor identifi-
cation task. Early changes in the performance of the odor dis-
crimination task might be related to the different nature of the 
tests. Both odor identification and discrimination reflect higher 
processing of odors; however, olfactory short-term memory is 
involved to a greater extent in odor discrimination tasks [34].

Additionally, both olfactory tasks had poor abilities to differen-
tiate between the different stages of AD (MCI-MD vs MD-AD; 
ROC AUC=0.698 for the 4-odor identification score and ROC 
AUC=0.633 for the 4-odor discrimination score). Therefore, 
since changes in olfactory abilities appear early in the disease 
course, olfactory testing may be extremely helpful for diag-
nosing early-stage AD and less reliable for monitoring disease 
progression. Our findings were similar to those of previous 
studies, in which odor identification was determined to have 
better qualities for differentiating healthy participants from 

patients with AD than differentiating between patients with 
different stages of AD [35].

The present study had several limitations. First, although the 
study results were significant, the sample size was rather small. 
Thus, the results should be confirmed in studies with larger 
sample sizes. Second, the cross-sectional design of the study 
limits the accuracy of the conclusions with respect to the longi-
tudinal changes during the disease course. Finally, cerebrospi-
nal fluid and positron emission tomography biomarkers were 
not tested in this study. The use of these factors could help 
exclude the possibility of other neurodegenerative conditions 
and analyze the relationship between olfactory changes, am-
yloid beta deposition in the brain, and neuronal degeneration.

Conclusions

In conclusion, the present study confirmed that odor identifi-
cation and discrimination are impaired in the prodromal stage 
of AD and that these changes progress during the course of 
AD. Furthermore, we demonstrated that the brief versions of 
olfactory tests, containing selected items that were found to 
differ the most between cognitively normal participants and 
early-stage AD patients, have good diagnostic qualities and 
can aid clinicians in screening for early-stage AD, facilitating 
the accurate and timely identification of patients requiring fur-
ther assessment and treatment.
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