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Abstract.
Background: Patients with subjective cognitive decline (SCD) report memory deterioration and are at an increased risk of
converting to Alzheimer’s disease (AD) although psychophysical testing does not reveal any cognitive deficit.
Objective: Here, gustatory function is investigated as a potential predictor for an increased risk of progressive cognitive
decline indicating higher AD risk in SCD.
Methods: Measures of smell and taste perception as well as neuropsychological data were assessed in patients with subjective
cognitive decline (SCD): Subgroups with an increased likelihood of the progression to preclinical AD (SCD+) and those
with a lower likelihood (SCD–) were compared to healthy controls (HC), patients with mild cognitive impairment and AD
patients. The Sniffin’ Sticks test contained 12 items with different qualities and taste was measured with 32 taste stripes
(sweet, salty, bitter, sour) of different concentration.
Results: Only taste was able to distinguish between HC/SCD– and SCD+ patients.
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Conclusion: This study provides a first hint of taste as a more sensitive marker than smell for detecting preclinical AD in
SCD. Longitudinal observation of cognition and pathology are necessary to further evaluate taste perception as a predictor
of pathological objective decline in cognition.
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INTRODUCTION

Neuropathological changes of Alzheimer’s disease
(AD) develop years before first cognitive deficits
occur [1, 2]. There is an urgent need for non-invasive
and cost-efficient diagnostic tests to distinguish
between healthy individuals and people who have a
higher risk of developing AD. Only early identifi-
cation of higher risk patients with validated, easily
applicable tests could enable the early implementa-
tion of goal-directed therapy. Therefore, transitional
AD stages have been defined, namely subjective cog-
nitive decline (SCD) and mild cognitive impairment
(MCI).

MCI represents a transitional stage between nor-
mal aging and AD [3]. Patients are suffering from
subjective complaints and manifest impairments in
memory performance, but activities of daily living
are not affected [4]. SCD is characterized by a mere
subjective decline in cognition in the absence of any
impairment in usual objective cognitive tests. SCD
patients are at an increased risk of future cogni-
tive decline and of developing MCI or AD [5–7],
especially those with consistent worries about their
cognitive status who have a four times higher risk
compared to individuals without worries [8]. As other
pathological processes than AD could underlie SCD
and as not every patient suffering from SCD has to
develop AD, research criteria for an increased likeli-
hood of preclinical AD in SCD were defined by the
working group of the Subjective Cognitive Decline
Initiative (SCD-I) [9]. According to these, SCD plus
criteria patients report a subjective decline in memory
rather than in other cognitive domains with an onset
within the last 5 years at an age of at least 60 years
as well as SCD associated worries, namely the feel-
ing that they perform worse compared to others of the
same age group [9]. The presence of preclinical AD in
SCD can be further supported by neuroimaging such
as magnetic resonance imaging (MRI), single-photon
emission computed tomography (SPECT), positron
emission tomography (PET), or the examination of
the cerebrospinal fluid (CSF), blood, saliva, or urine
[10–12]. However, neuroimaging is expensive, some-
times invasive and exhausting but other objective

tests are currently scarce. Therefore, it is essential
to establish new methods that can reliably and effec-
tively differentiate between SCD patients at higher
and those at lower risk.

A simple objective measure to validate the
increased likelihood of preclinical AD in SCD could
be provided by the Sniffin’ Sticks test, a smell test
measuring the performance by matching sniffing
pens with an odor. So far, olfaction has been well-
established for early detection of MCI patients who
are likely to be in the transitional phase of AD.
Early AD associated tau pathologies affect, among
others, the olfactory system [13] and hence might
reduce olfactory functions [14]. Patients in early
stages of AD show a deterioration of olfactory func-
tions [14–16] and their impaired odor identification
ability is associated with an increased risk of AD
[17]. Olfactory functions have been investigated in
MCI and AD and allowed the differentiation between
patients and HC [18, 19]. Yet, in a meta-analysis
effect sizes which hint to an impairment of olfac-
tion in earlier stages of AD are very small [20] and
the Sniffin’ Sticks test does not seem to be sensi-
tive enough to distinguish between SCD and HC
[21, 22].

Another potential measure is taste sensitivity.
While a high prevalence of olfactory deficits is
described in the literature (>24%), especially with
increasing age (>62% in people between 80 and 97
years) [23], only 5% of general population show
deficits of gustatory functions [24]. Moreover, olfac-
tory functions are strongly connected with gustatory
functions and have shown overlapping neuronal acti-
vation in regions such as the insula, amygdala,
or orbitofrontal cortex [25]. According to current
knowledge, there are some studies that have dealt
with the function of taste in patients with AD, but
their results are inconsistent. Earlier investigations
negated gustatory impairment in AD [26, 27] or only
found decreases in certain taste qualities [28], while
more recent studies observed gustatory impairment in
AD [29–32]. Concerning the question whether taste
is affected in earlier stages of AD, a study compared
MCI with HC and AD [18]. MCI and AD patients
performed worse in the taste test compared to HC.
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There were no differences regarding taste between
MCI and AD. The authors concluded that taste can
be useful to differentiate between MCI/AD and HC in
a clinical context. These results suggest that, next to
olfaction, gustatory function could be a potential pre-
dictor for transitional stages of AD and furthermore
leads to the question whether taste is also impaired
in SCD.

This study investigated the functions of taste and
smell in patients with SCD, MCI and AD and com-
pared it to HC. As SCD patients’ clinical backgrounds
are heterogeneous, criteria provided by Jessen et
al. [9] were applied to differentiate between SCD
patients who have a lower risk (SCD–) to develop
AD and those with a slightly increased risk of later
cognitive decline and are assumed to be in a preclini-
cal stage of AD (SCD plus; here referred to as SCD+),
who are assumed to be in a preclinical stage of AD.
We expected that SCD+ patients would have lower
taste scores than HC and SCD– patients. Accordingly,
we expect taste to be more sensitive in distinguishing
SCD+ and SCD– patients as compared to smell and
neuropsychological data.

METHODS

Sample

A prior G*Power Analysis [33] for between-
subject comparison with an expected effect size of
d = 1.06 (taste left between HC and MCI in [18]) and
a target power = 0.95 resulted in a suggested sample
size of 19 participants in each group (total sample size
for comparison of HC and SCD: n = 38). In total, 115
participants (20 healthy, 95 patients) were recruited in
2017 and 2018. They gave written informed consent
for participating in this study, which was approved by
the Ethics committee of the Otto-von-Guericke Uni-
versity Magdeburg. HC were recruited via the DZNE
data base. HC with a Mini-Mental State Examina-
tion (MMSE) value below 27, diagnosed depression
or medication affecting the central nervous system
were excluded from the study. Patients were recruited
in the memory clinic of the German Center of Neu-
rodegenerative Diseases (DZNE) in Magdeburg. A
trained neurologist (WG) diagnosed SCD, MCI and
AD. SCD was diagnosed according to criteria from
Jessen et al. [9], MCI according to Winblad et al.
[34] and AD according to McKhann and the revised
NIA-AA criteria [35].

All 115 recruited subjects underwent the CERAD-
Plus test battery in the memory clinic (detailed in
Materials and Procedure). Afterwards, 17 patients
with other diseases than SCD, MCI, or AD were
excluded from the study resulting in 98 remaining
participants: 20 HC, 23 SCD, 31 MCI, 24 AD (Fig. 1).
Three patients were younger than 55 years or older
than 90 years (1 SCD, 1 MCI, 1 AD). Questionnaire
data revealed that three participants (2 SCD, 1 MCI)
had drunken or eaten 60 min prior to the taste-test and
one MCI patient was suffering from oral mucositis.
They were excluded. Four outliers (2 HC, 1 SCD,
1 MCI) below or above 2 standard deviations from
the mean in smell and taste scores and seven incom-
plete data sets were excluded (2 SCD, 4 MCI, 1 AD),
too. After exclusion 80 participants (18 HC, 17 SCD,
23 MCI and 22 AD) were included in the analysis
(Fig. 1).

Classification of SCD patients into the subgroups
of “SCD–” and “SCD+” was conducted by a trained
neurologist (WG). Patients were assigned to the
SCD+ group if they met the “Research criteria for
pre-MCI” and at least 3 of the 5 “SCD Plus crite-
ria” by Jessen et al. [9]. The “Research criteria for
pre-MCI” assume that patients themselves notice a
decline in cognitive function compared to a previous
normal state of health without an acute event. At the
same time, an overall inconspicuous result must be
achieved in neuropsychological tests. Furthermore,
MCI or AD must not have already been diagnosed. In
addition, the patients in this group were not allowed
to have any previously or newly diagnosed depres-
sion or depressive episode. The additional “SCD Plus
criteria” include 1) subjective deterioration of mem-
ory function rather than other domains, 2) concerns
about SCD, 3) age >60 years, 4) feeling of perform-
ing worse than peers, 5) starting SCD within the past
five years. SCD patients who did not meet at least 3
of 5 of these criteria were automatically classified as
SCD– [9].

Materials and procedure

All participants underwent the common cognitive
assessment of the DZNE’s memory clinic, which
contains the extended and validated German ver-
sion of the Consortium to Establish a Registry for
Alzheimer’s disease – Neuropsychological Battery
(CERAD-Plus) [36]. Moreover, the Geriatric Depres-
sion Scale (GDS) [37] and the smell test “Sniffin’
Sticks” [38] were conducted.
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Fig. 1. Sample and procedure.

In addition to the usual memory clinic procedure,
taste performance, self-reported smell as well as self-
reported taste functions were assessed. Participants
had to answer the questions “How well would you
rate your smell/taste performance?” using a Likert-
Scale from 0 (not existent) to 10 (very well) similar
to Steinbach et al. [18]. In order to keep conditions
across participants constant, HC underwent the same
measurement. The session took 60–90 min for each
participant.

Neuropsychological assessment

The CERAD-Plus includes the MMSE, a screen-
ing instrument evaluating the cognitive status by
measuring short-term memory, concentration, tem-
poral and spatial orientation, language and executive
functions. A maximum of 30 points can be reached
in the MMSE. The CERAD-Plus further includes
subtests for verbal episodic learning and memory
(Wordlist–Encoding, Delayed recall and Recogni-
tion), visuo-constructive abilities (Figures–Copy),
visual episodic memory (Figures–Delayed recall),
confrontational word retrieval (15-item Boston Nam-
ing Test, BNT) and executive functions (phonemic
and semantic verbal fluency and Trail Making Tests
(TMT) A and B. For all subtests, raw scores and z-
scores, adjusted for age, gender and education were
derived. Here, we report data for memory and exec-
utive function measured by wordlist delayed recall,

figure delayed recall, BNT, verbal fluency, TMT A/B
and MMSE.

Sniffin’ sticks test

The Sniffin’ Sticks Screening 12 Test (Burghart
Messtechnik GmbH, Wedel, Germany) was used to
test the olfactory functions of patients and HC [38].
The test consists of 12 pens, each containing a differ-
ent odor. The odor pens were held under the patient’s
nose at a distance of 2 centimeters for about 3 s [38].
The participant was then asked to report the kind of
odor from four different options in a multiple-forced-
choice procedure (odor identification). A maximum
result of 12 points was possible. The whole test took
about 5 min.

Taste test

A validated filter paper method measured the
perception of taste (Burghart Messtechnik GmbH,
Wedel, Germany). This identification test uses taste
strips containing the four taste qualities sweet, sour,
salty and bitter and was carried out as suggested
by Landis et al. [39]. The participants were asked
not to drink or to eat anything 1 h before the test-
ing took place. Between each test strip, participants
were offered a sip of water to neutralize the previ-
ous taste. The strips were presented to each subject
in a counterbalanced order and ascending concentra-
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Table 1
Sequence of the presented taste strips (according to Mueller
et al, 2003). The scheme starts with the lowest concentration
(4 = lowest concentration) and continues with rising concentrations
(1 = highest concentration). The test started on the left side of the

tongue and both sides were tested alternately

Left Right Left Right

1 Sweet 4 Sour 4 9 Salty 2 Bitter 2
2 Bitter 4 Salty 4 10 Sour 2 Sweet 2
3 Salty 4 Bitter 4 11 Sweet 2 Sour 2
4 Sour 4 Sweet 4 12 Sour 2 Salty 2
5 Sour 3 Salty 3 13 Salty 1 Sweet 1
6 Sweet 3 Bitter 3 14 Bitter 1 Sour 1
7 Bitter 3 Sweet 3 15 Bitter 1 Salty 1
8 Salty 3 Sour 3 16 Sweet 1 Bitter 1

tions alternately on the right and on the left side of
the tongue (Table 1). The sequence with which the
taste strips were presented was based on a study by
Mueller et al. [40]. During the test participants had
to have their mouth opened while giving an answer
indicating one of the four tastes from a list in a forced-
choice procedure. 16 strips were tested on the left and
16 on the right side of the tongue, thus all four taste
qualities in four different concentrations. Means of
the total taste were added from trials of the left and
the right side of the tongue. A maximum score of 32
points was possible.

Data analysis

IBM SPSS Statistics 22 was employed for the
statistical analysis. Means and standard deviations
are reported. Outliers below or above 2 standard
deviations from the mean in smell and taste values
within diagnostic groups were excluded (2 HC, 1
SCD, 1 MCI). All variables were tested for normal
distribution using the Shapiro-Wilk test. Age was
not normally distributed in AD and education was
not normally distributed in MCI. Concerning neu-
ropsychological assessment, only the subtest wordlist
delayed recall was normally distributed in the inves-
tigated groups HC, SCD– and SCD+. MMSE was
not normally distributed in HC and SCD, while GDS
was not normally distributed in HC, MCI and AD.
Furthermore, education and GDS were not normally
distributed in SCD+. In SCD–, all variables men-
tioned so far were normally distributed. However,
smell judgements were not normally distributed in
SCD and SCD–. Taste was normally distributed in
all groups.

For the comparison between the different groups
one-way ANOVAs and Kruskal-Wallis Tests (for
non-parametric testing) were applied. First, the main

groups were compared (HC, SCD, MCI, AD). The
subgroups of SCD patients were included in the sub-
sequent analyses resulting in five groups (HC, SCD–,
SCD+, MCI, AD). For parametric post-hoc anal-
ysis LSD correction was used, for Kruskal-Wallis
post-hoc, adjusted significance levels are given by
multiplying the unadjusted significance values by the
number of comparisons. Neuropsychological assess-
ment was only analyzed between HC, SCD– and
SCD+. For TMT A/B missing data of 3 subjects
decreased the sample size of SCD+ (n = 6) and SCD–
(n = 8).

In general, for clearer understanding the compar-
isons are illustrated in a common figure depicting
total SCD group comparisons and sub group com-
parisons with SCD– and SCD+. The alpha level
was set to p > 0.05. Furthermore, we correlated the
outcome variables (Spearman, rs ) for main and sub-
groups and reported the correlations, corrected for
multiple comparisons. Moreover, receiver operating
characteristics (ROC) curves were used to compare
specificity, sensitivity and area under the curve (AUC)
of smell and taste judgements to distinguish SCD,
SCD+ and MCI from HC as well as SCD+ from
SCD–. A cut-off value was determined by means of
the Youden-Index.

RESULTS

Sample

The analyzed sample included 18 HC, 17 SCD,
23 MCI and 22 AD. The division of SCD patients
resulted in 10 SCD– and 7 SCD+ patients. Demo-
graphic data (Table 2) of all 80 participants show that
age, education, MMSE and GDS were significantly
different (p < 0.05).

Post-hoc tests indicate that age in AD patients
differs from SCD patients (z = –2.85, p < 0.05) and
SCD– patients (z = –3.52, p < 0.05). AD patient
showed significantly less years of education com-
pared to SCD (z = 2.90, p < 0.05) and HC (z = 3.62,
p < 0.01). GDS values were significantly lower in
HC compared to SCD (z = –4.25, p < 0.001), SCD–
(z = –4.43, p < 0.001), MCI (z = –4.53, p < 0.001) and
AD (z = –3.28, p = 0.006).

Concerning the MMSE differences, HC reached
significantly higher values compared to MCI
(z = 4.07, p < 0.001) and AD (z = 7.24, p < 0.001).
AD performed significantly lower than SCD
(z = 5.73, p < 0.001), SCD– (z = –4.9, p < 0.001),
SCD+ (z = 4.20, p < 0.001) and MCI (z = 3.42,
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Table 2
Demographic data

Sample HC SCD SCD– SCD+ MCI AD χ2 p
(n = 80) (n = 18) (n = 17) (n = 10) (n = 7) (n = 23) (n = 22) main/sub main/sub

Female 38 10 8 6 2 8 12
Age 74.1 (±7.4) 73.5 (±4.8) 71.7 (±7) 68.9 (±5.7) 75.1 (±7.2) 73.0 (±8.2) 77.8 (±7.7) 10.19/14.57 0.017/0.006
Education 13.0 (±2.7) 14.3 (±2.2) 13.8 (±2.7) 13.2 (±2.3) 14.7 (±3.3) 13.0 (±2.7) 11.2 (±2.3) 15.16/16.22 0.002/0.003
MMSE 24.7 (±5.2) 29.1 (±1.0) 28.1 (±1.5) 28.1 (±1.2) 28.1 (±0.9) 25.1 (±2.4) 17.8 (±4.2) 61.4/61.4 0.001/0.001
GDS 2.7 (±2.9) 0.4 (±0.6) 3.7 (±2.7) 4.8 (±2.9) 2.0 (±1.4) 4.2 (±3.6) 2.4 (±2.1) 25.47/27.82 0.001/0.001

Sex (number of females), years of age and education, the Mini-Mental State Examination (MMSE) and the Geriatric Depression Scale are
shown for healthy controls (HC), subjective cognitive decline (SCD) patients divided in patients with higher (+) and lower (–) risk to develop
objective cognitive decline and patients with mild cognitive impairment (MCI) and Alzheimer’s disease (AD). Numbers, means, standard
deviations, χ2 and p values are given for main group comparison (HC, SCD, MCI, AD) and subgroup comparison (HC, SCD–, SCD+, MCI
and AD).

Table 3
Results of neuropsychological assessments, Sniffin’ Sticks and Taste testing

Test HC SCD– SCD+ F/χ2 p

Boston Naming task 14.67 (±1.08) 14.40 (±0.84) 14.14 (±0.90) 1.15 0.563
Verbal fluency 21.72 (±4.62) 20.40 (±7.82) 21.14 (±6.47) 0.38 0.981
Word list delayed recall 91.93 (±14.13) 102.3 (±24.67) 92.86 (±19.18) 1.06 0.358
Figure delayed recall 95.67 (±11.40) 91.10 (±14.22) 80.57 (±31.30) 1.37 0.504
Trail Making Test A/B 2.14 (±0.62) 2.39 (±0.63) 2.32 (±0.96) 1.01 0.602
Sniffin’ Sticks 9.06 (±1.47) 9.80 (±1.23) 8.86 (±1.78) 2.23 0.328
Taste Test 19.00 (±4.13) 20.50 (±6.19) 13.43 (±5.19) 4.49 0.019

p = 0.006). The subgroups SCD– and SCD+ did not
differ in MMSE. Four persons scored as hypogeusia
(taste strips cut-off value 9, [39]), 51 as hyposmia and
16 as anosmia (Sniffin’ Sticks hyposmia: 6–10, anos-
mia: 0–6, [41]). No healthy control was hypogeusic
or anosmic.

Neuropsychological assessment

The comparison of HC, SCD– and SCD+ con-
cerning neuropsychological functions revealed no
significant differences for wordlist delayed recall,
figure delayed recall, BNT, verbal fluency, or TMT
A/B. In contrast, the ANOVA including HC, SCD–
and SCD+ showed that taste judgements were
significantly lower in SCD+ compared to HC (95%-
CI [–10.10, –1.05], p = 0.017) and SCD– (95%-CI
[–12.08, –2.06], p = 0.007), while Sniffin’ Sticks val-
ues did not differ (Table 3).

Self-rated assessment of smell and taste quality

The assessments of self-reported smell and taste
functions indicated subtle descriptive differences
between the groups which however did not reach sig-
nificance in non-parametric analyses (Fig. 2). SCD–
and SCD+ patients differed in smell (1.89 points,
dCohen >0.8) and taste (1.6 points, dCohen >0.8) on a

descriptive level, but these differences failed to reach
significance.

Smell performance

The Sniffin’ Sticks test indicated significant dif-
ferences in olfactory function between the main
groups (χ2(3) = 31.12, p < 0.001) and the subgroups
(χ2(4) = 31.91, p < 0.001; Fig. 3).

Post-hoc tests for main groups showed signifi-
cantly higher smell performance in HC than in AD
(z = 4.32, p < 0.001). SCD patients outperformed AD
(z = 4.81, p < 0.001) and MCI (z = 3.15, p = 0.01). The
difference between HC and MCI failed to reach sig-
nificance (z = 19.12, p = 0.051). Subgroup analysis
indicated significantly higher smell performance in
SCD– compared to MCI (z = 3.14, p = 0.017) and AD
(z = 4.54, p < 0.001) as well as for SCD+ compared to
AD (z = 2.98, p = 0.029). However, we found no dif-
ferences between SCD+ and MCI or between SCD–
and SCD+.

Taste performance

One-way ANOVAs for overall taste perfor-
mance in main groups (F(3,76) = 2.75, p = 0.049,
η2 = 0.098) and in sub groups (F(4,75)=4.64,
p = 0.002, η2 = 0.198) were significant (Fig. 4). Post-
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Fig. 2. Self-rating of smell and taste quality depicted on a 1–10 Likert-Scale where 1 is not present and 10 very good.

Fig. 3. Olfactory function. Sniffin’ Sticks performance in main
groups and subgroups measured with Sniffin’ sticks test. Kruskal-
Wallis were run separately for main group analysis (HC, SCD,
MCI, AD) and for sub group analysis (SCD–, SCD+ added).
∗∗p < 0.001, ∗p < 0.05.

hoc comparisons for main groups showed lower taste
performance in MCI (95%- CI [0.56, 6.74], p = 0.021)
and AD (95%-CI [0.70, 6.94], p = 0.017) compared to
HC. Concerning subgroups, SCD+ performed worse
compared to HC (95%-CI [1.42, 9.72], p = 0.009)
and SCD– (95%-CI [2.48, 11.67], p = 0.003). SCD–
showed higher taste performance compared to MCI
(95%-CI [1.62, 8.68] p = 0.005) and AD (95%-CI
[1.76, 8.87], p = 0.004).

Means of the total taste were added from trials of
the left and the right side of the tongue (Table 3).
For the separate sides of the tongue, Welch-ANOVAs
revealed a significant effect in main groups only for
the right side of the tongue, but not for the left one. For
subgroups, both sides became significant (Table 4).

Effect sizes and correlations

Effect sizes for Sniffin’ Sticks revealed highest
Cohen’s d values (>1.0) between HC and MCI/AD
and SCD and MCI/AD, but lower effect sizes for the

Fig. 4. Gustatory function. Taste performance in main groups and
subgroups measured with the taste test. ANOVAs were run sep-
arately for main group analysis (HC, SCD, MCI, AD) and for
subgroup analysis (SCD–, SCD+ added). ∗p < 0.05.

comparison of HC and subgroups of SCD. Concern-
ing taste, effect sizes for the comparison of HC and
SCD– patients as well as for SCD– and SCD+ were
higher than 1.0. In addition, SCD– versus MCI/AD
showed effect sizes above 1.0. Differences and effects
sizes for all group comparisons can be found in Sup-
plementary Table 1.

Significant correlations were found between
smell and taste for the total sample (rs = 0.354,
p < 0.001). MMSE correlated significantly with smell
(rs = 0.534, p < 0.001) and taste (rs = 0.225, p < 0.05)
in the total sample. Including only main patient
groups (SCD, MCI and AD), the analysis revealed
significant correlations between self-rated and psy-
chophysically measured smell functioning (r = 0.353,
p < 0.005). Psychophysically measured taste corre-
lated with self-rated taste (rs = 0.357, p < 0.005) and
with MMSE (rs = 0.502, p < 0.001). In SCD patients
self-rated and measured taste was highly correlated
(rs = 0.753, p < 0.001), while no correlation was found
for self-rated and psychophysically measured smell.
Self-rated taste correlated significantly with mea-
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Table 4
Gustatory function on left and right side of the tongue

Sample HC SCD SCD– SCD+ MCI AD pmain psub

Taste total 16.6 (±5.1) 19.0 (±4.1) 17.6 (±6.7) 20.5 (±6.2) 13.4 (±5.2) 15.4 (±4.6) 15.2 (±4.3) <0.05 <0.005
Taste left 8.0 (±2.7) 9.2 (±2.5) 8.1 (±3.2) 9.7 (±3.0) 5.7 (±1.7) 7.3 (±2.7) 7.7 (±2.4) ns <0.01
Taste right 8.6 (±2.9) 9.8 (±2.3) 9.5 (±3.9) 10.8 (±3.6) 7.7 (±3.8) 8.0 (±2.5) 7.5 (±2.3) <0.05 >0.01

sured taste results in SCD– (rs = 0.637, p < 0.05),
but not in SCD+. In MCI patients a significant
correlation between both measures of smell was
observed (rs = 0.561, p < 0.005) but no correlation
for self-rated and psychophysically measured taste
performance. HC and AD showed no significant
correlations between those measures. We found no
significant correlation between cognitive measures
and gustatory or olfactory functions in HC, SCD,
MCI and AD.

Diagnostic capability (ROC)

ROC were analyzed for taste and smell in order to
determine their diagnostic capability (Fig. 5) to dis-
tinguish HC from SCD/MCI/SCD+ as well as SCD+
from SCD–. The only significant diagnostic capabil-
ity for smell is shown by the AUC in MCI patients
versus HC (Table 5). Taste’s diagnostic capability
became significant for the AUC in MCI and SCD+
compared to HC. Moreover, when relating SCD+ to
SCD– the AUC reached significance. Both taste and
smell tests failed to reach significant AUC in SCD
compared to HC.

DISCUSSION

This study investigated the gustatory and olfac-
tory function in SCD patients with either higher or
lower conversion risk to AD and compared it to cogni-
tively normal controls, MCI and AD patients. Higher
risk SCD+, lower risk SCD– patients and HC neither
differed in MMSE nor in other neuropsychological
measures of the CERAD-plus or self-rated smell or
taste ability. In contrast, SCD+ patients performed
worse in the gustatory test compared to SCD– or HC
but similar to MCI and AD patients. None of these
differences were seen in olfactory function. Accord-
ing to ROC statistics, the diagnostic capability of the
taste test outperformed the smell test when distin-
guishing SCD patients with a higher risk to develop
objective cognitive decline (SCD+) from those with a
lower risk (SCD–) as well as HC. Smell seems rather
sensitive in distinguishing MCI patients from HC.

Self-rated smell and taste perception

We found no group differences in the self-rated
evaluation of olfactory and gustatory functions. Our
sample rated their olfactory and gustatory functions
lower than those investigated by Steinbach et al. [18].
Concerning group differences, HC in the study by
Steinbach et al. rated their functions significantly bet-
ter than MCI and AD patients, while our data showed
no differences. A possible explanation could be that
our participants were aware of the relation between
smell/taste and MCI/AD because they were informed
about the research question when they were asked
for their written informed consent. Self-rated mea-
sures correlated with psychophysical measures when
the total sample was analyzed. Similar to Steinbach
and colleagues we found a correlation between self-
ratings and measures for smell but not for taste in
MCI patients. The lacking awareness of taste impair-
ment was previously related to a higher risk to develop
dementia [18]. In the present study an additional anal-
ysis revealed a significant relation between self-rated
and measured taste in SCD– but not in SCD+. This
might give evidence for a valid division into higher
and lower risk groups and furthermore suggests that
SCD patients with a higher risk to develop measur-
able cognitive impairment are not aware of their taste
deficit.

Diagnostic capability of smell

We replicated the finding that smell perception dif-
fers between HC and AD patients [18]. In contrast to
earlier studies showing that smell performance dif-
fered between HC and MCI patients [18], we found
no statistically significant difference in means. Mea-
suring smell in a memory clinic context by using only
the identification subtest of the Sniffin’ Sticks might
not allow for depicting subtle differences.

Correlations of the Sniffin’ Sticks performance
with MMSE were only found when HC are neglected
in the analysis. Hence, the assessed cognitive impair-
ment is in line with measures of smell. However,
olfactory functions were not able to differentiate
between HC and SCD patients, which is in accor-
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Fig. 5. Receiver operating curves (ROC).

Table 5
Statistics for receiver operating curve analysis comparing taste and smell

Patients Reference Test AUC p Sensitivity 1-Specificity Cut-off Youden

SCD HC Smell 0.420 >0.05
Taste 0.533 >0.05

MCI HC Smell 0.748 0.007 0.48 0.06 6.5 0.42
Taste 0.733 0.011 0.61 0.11 15.5 0.50

SCD– HC Smell 0.653 >0.05
Taste 0.636 >0.05

SCD+ HC Smell 0.524 >0.05
Taste 0.774 0.037 0.57 0.06 13 0.52

SCD– Smell 0.671 >0.05
Taste 0.821 0.028 1 0.40 21.5 0.60

Patients are either referenced to HC or to SCD–. Significant areas under the curve (AUC) above 0.700 are
highlighted. For those, sensitivity, 1– specificity and Youden indexed cut-off values are reported.

dance with previous findings [21]. Splitting the
SCD group into higher and lower risk patients
did not result in differences in smell either and
there was only a significant diagnostic capability
for MCI patients but not for SCD or SCD–/SCD+.
Comparable to another study that gives evidence
for decreased smell performance in converted SCD
patients compared to non-converted ones [21], we

showed a medium to big effect size between SCD–
and SCD+ smell performance. Remembering the
name of a specific odor (cherry, leather) could
be a confounding bias in the Sniffin’ Sticks test.
Whereas MCI are impaired in memory, the memory
performance of SCD patient’s might not be influ-
enced and smell failed to reach sufficient diagnostic
sensitivity.
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Diagnostic capability of taste

Similar to Steinbach et al. [18], taste did not dif-
fer between MCI and AD patients. Therefore, testing
the gustatory function might have no additional pre-
dictive value compared to olfaction for these patient
groups. Concerning our main aim, however, we found
a difference between SCD– and SCD+, as well as
between HC and SCD+. While the neuropsycholog-
ical assessment did not differ between these three
groups, SCD+ patients performed worse than SCD–
and HC in the taste test. Moreover, the evaluation of
the diagnostic capability showed significant results
for taste in SCD+ and MCI. The highest probabil-
ity in ROC analysis was reached when SCD+ was
compared to SCD–. In line with this finding, Schiff-
man et al. [41] showed that the taste performance of
healthy individuals with familial risk of AD wors-
ened over a 1.5-year period. Our HC did not differ
from SCD patients in gender, age and education. Yet,
there was no simple measure to identify SCD patients
with higher conversion risk, as Sniffin’ Sticks, MMSE
and neuropsychological assessment did not differ
between HC, SCD and the respective subgroups. In
contrast, taste was able to distinguish between those.

Subdividing the SCD group in a higher risk and
a lower risk group also resulted in different GDS
values as depressive symptoms lead to the alloca-
tion of a patient to the SCD– group. Therefore, the
GDS showed higher values in SCD–, compared to
HC. However, GDS did not correlate with taste per-
formance in SCD main or subgroups indicating that
depressive symptoms do not relate to taste perfor-
mance.

Neural correlates of taste impairment in SCD

Just like olfaction, taste could be impaired in early
stages of AD because taste is processed in regions
that are impaired early in the pathology. Taste is pro-
cessed in regions that are involved in different cortical
pathways: thalamus, hypothalamus, frontal, opercu-
lar and insular taste cortex, the orbitofrontal cortex,
cingulate gyrus, posterior parietal cortex, mammil-
lary bodies, amygdala, hippocampus and the limbic
system [25, 43]. Neural regions for the presence of
SCD that might be associated with taste processing
are the insula, opercular regions, amygdala and the
cingulate cortex [29, 44–47]. Besides, a decrease in
hippocampal volume in SCD has been shown [48,
49]. Interestingly, also the hippocampus seems to be
involved in the processing of taste, as recently a sub-

set of hippocampal cells was identified in rats that
responded to taste [50]. Apart specific brain regions,
the complex processing of taste also requires fine-
tuned temporal patterns of activation [51]. Therefore,
taste processing might require a highly sensitive
network that is susceptible to disturbances due to
early-stage AD pathologies. Although there are sim-
ilar brain regions involved in both smell and taste,
taste is processed more complex and interactions of
both senses could determine the ability to distinguish
between SCD+ and SCD–/HC for taste but not for
smell. Furthermore, the prevalence of gustatory disor-
ders in the general population is low (5%) compared
to olfactory disorders [23, 24]. Hence, comparisons of
olfactory functioning between impaired and healthy
populations might be less sensitive than gustatory
comparisons. In other words: As healthy individuals
of older age are more frequently impaired in smell,
too, our findings are of high importance as taste dete-
riorations and their existence may indicate a higher
risk for underlying pathological development. Never-
theless, how neural pathologies in SCD patients affect
taste performance partly remain to be elucidated. The
decrease of taste function due to damage in gustatory
areas and differences to smell performance have to be
validated by using more detailed imaging techniques
in SCD patients while performing taste perception
tasks.

Limitation and perspective

This study investigated taste in SCD patients and
gives a hint to the relation of taste performance to the
individual risk of developing dementia. Nevertheless,
our findings must be interpreted carefully as the sam-
ple size was small, especially when dividing SCD
into subgroups. However, CIs and Cohen’s d indicate
crucial effects, which is in line with previous findings
[18].

The comparison of the performance levels in smell,
taste and MMSE to the sample of Steinbach [18] indi-
cated differences between both data sets. We found
higher taste values in MCI and AD, smaller values
in HC but also smaller variance in all groups. When
we compared our smell data of HC, MCI and AD
patients, we found lower performance in our sam-
ples. This might be due to a bias in recruiting and
exclusion procedures. Steinbach’s participants were
younger and showed higher MMSE scores. Depres-
sive symptoms could have influenced the data, but
comparison is not possible as Steinbach et al. [18]
did not report depression scores.
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Another limitation complicating inferences from
our data is the cross-sectional design. According to
a review, the chance of progressing from SCD to
objective cognitive impairment is 2.15 times higher
compared to normal aging [52], but only 6.6% of
SCD patients convert into MCI annually [53]. This
would indicate that only 1 to 2 SCD patients of
our group will develop a diagnosable MCI in a 1-
year-follow-up. Therefore, large-scale longitudinal
studies over decades are required to prove whether
decreased taste is an early marker for progression to
MCI or AD.

As the nature of smell and taste are different
per se, their direct comparison is limited. As such,
while the taste test used 32 test strips containing
4 qualities in different concentrations, the smell
test included only 12 sticks examining 12 qualities.
Maybe results would differ if both qualities were
assessed to a similar extent. A more comprehensive
olfactory measurement could reveal more nuanced
differences between groups. Another way to validate
our findings would be to investigate whether taste
correlates with positive amyloid PET/CSF results or
blood biomarkers [15, 54]. Clinical practice does not
normally include such an invasive measure in SCD
due to an unfavorable cost-benefit ratio. However,
only the comparison of different potential diagnostic
markers with validated methods such as Amyloid-
PET or -CSF can provide valuable insights into how
meaningful taste is.

Despite the fact that AD is associated with smell
and taste loss, other neurodegenerative disorders may
result in olfactory and/or gustatory deteriorations,
too. In a large-scale prospective study [54] of 833
patients, 28.6% of patients with combined olfac-
tory and gustatory dysfunction were diagnosed with
Parkinson’s disease (PD) 15 years later. In fact,
our sample might not only develop AD but also
other types of dementia that are also associated with
symptoms of cognitive decline. It is necessary to addi-
tionally examine the stability of our effects in other
clinical cohorts and observe longitudinal gustatory
functioning in SCD while relating it to prospective
diagnosis.

As taste is impaired in COVID-19 patients and
neurological cognitive impairments are currently dis-
cussed, this sample might present another scope in
relation to taste performance, subjective cognitive
decline and long-term consequences concerning their
relation. These aspects might be taken into account
for future research aims since this study has been
conducted before the pandemic started.

The taste test can only be discussed as an addi-
tional predictive measure for differentiation between
SCD– and SCD+. Nonetheless, investigating SCD is
important and early diagnostic markers for AD are
needed to prevent decline as early as possible. Phar-
macological AD therapy aims to mitigate clinical
symptoms and to maintain capabilities of daily living
but does not change the disease’s progression [55].
Non-pharmacological intervention uses cognitive or
physical training and targets social interaction to pro-
mote a healthy lifestyle in a preventive manner [56].
As pathologies begin years before symptoms man-
ifest, such therapies have the highest effects when
they begin as early as possible [57]. An interven-
tion study in early stages of cognitive decline has
shown that a multimodal supportive therapy combin-
ing pharmacological, physical and nutritional aspects
improved self-rated and measured cognition in SCD
and MCI patients [58]. Nevertheless, concerning our
small sample we advise against overinterpretation of
diagnosis of SCD+ on the basis of gustatory func-
tions. More research is needed to validate the stability
of the reported results. Besides, the risk to develop
cognitive impairment in SCD+ might be higher in
relation to healthy individuals, but it needs to be
avoided to intimidate patients without investigating
biomarkers.

Conclusion

In conclusion, the taste test could be a supe-
rior predictive marker compared to smell because
of its diagnostic capability of distinguishing HC
and SCD patients with a higher risk of develop-
ing AD from patients with a lower risk and healthy
ones. So far, there is not a comparable simple
diagnostic tool to distinguish between those SCD
patients who are more likely to develop objective
cognitive decline and those who are less likely to.
Further investigations of smell and taste capabili-
ties might use a combination of both to provide
comprehensive diagnostic information. However,
validation against other biomarkers and further lon-
gitudinal studies are required to show the usefulness
of taste for diagnosing higher risk SCD patients.
For clinical practice, measuring self-rated taste and
taste functioning could supply additional informa-
tion to the predictive accuracy of neuropsychological
tests and physiological biomarkers in order to
assess the risk of developing objective cognitive
decline.



260 M. Schmicker et al. / Taste in SCD

ACKNOWLEDGMENTS

The authors have no acknowledgments to report.

FUNDING

Funded by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) – Projektnum-
mer 491466077.

CONFLICT OF INTEREST

The authors have no funding to report.

SUPPLEMENTARY MATERIAL

The supplementary material is available in the
electronic version of this article: https://dx.doi.org/
10.3233/ADR-220092.

REFERENCES

[1] Jack CR, Bennett DA, Blennow K, Carrillo MC, Dunn B,
Haeberlein SB, Holtzman DM, Jagust W, Jessen F, Karlaw-
ish J, Liu E, Molinuevo JL, Montine T, Phelps C, Rankin
KP, Rowe CC, Scheltens P, Siemers E, Snyder HM, Sper-
ling R, Elliott C, Masliah E, Ryan L, Silverberg N (2018)
2018 National Institute on Aging-Alzheimer’s Association
(NIA-AA) Research Framework NIA-AA Research Frame-
work: Toward a biological definition of Alzheimer’s disease.
Alzheimers Dement 14, 535-562.

[2] Tondelli M, Wilcock GK, Nichelli P, de Jager CA, Jenkinson
M, Zamboni G (2012) Structural MRI changes detectable up
to ten years before clinical Alzheimer’s disease. Neurobiol
Aging 33, 825-e25.

[3] Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos
EG, Kokmen E (1999) Mild cognitive impairment: Clinical
characterization and outcome. Arch Neurol 56, 303-308.

[4] Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman
HH, Fox NC, Gamst A, Holtzman DM, Jagust WJ, Petersen
RC, Snyder PJ, Carrillo MC, Thies B, Phelps CH (2011) The
diagnosis of mild cognitive impairment due to Alzheimer’s
disease: Recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers Dement 7,
270-279.

[5] Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han
Y, Molinuevo JL, Rabin L, Rentz DM, Rodriguez-Gomez O,
Saykin AJ, Sikkes SAM, Smart CM, Wolfsgruber S, Wag-
ner M (2020) The characterisation of subjective cognitive
decline. Lancet Neurol 19, 271-278.

[6] Vega JN, Newhouse PA (2014) Mild cognitive impairment:
Diagnosis, longitudinal course, and emerging treatments.
Curr Psychiatry Rep 16, 490.

[7] Slot RER, Sikkes SAM, Berkhof J, Brodaty H, Buckley
R, Cavedo E, Dardiotis E, Guillo-Benarous F, Hampel H,
Kochan NA, Lista S, Luck T, Maruff P, Molinuevo JL, Korn-
huber J, Reisberg B, Riedel-Heller SG, Risacher SL, Roehr
S, Sachdev PS, Scarmeas N, Scheltens P, Shulman MB,

Saykin AJ, Verfaillie SCJ, Visser PJ, Vos SJB, Wagner M,
Wolfsgruber S, Jessen F, Bakardjian H, Benali H, Bertin H,
Bonheur J, Boukadida L, Boukerrou N, Cavedo E, Chiesa
P, Colliot O, Dubois B, Dubois M, Epelbaum S, Gagliardi
G, Genthon R, Habert MO, Hampel H, Houot M, Kas A,
Lamari F, Levy M, Lista S, Metzinger C, Mochel F, Nyasse
F, Poisson C, Potier MC, Revillon M, Santos A, Andrade
KS, Sole M, Surtee M, Thiebaud de Schotten M, Vergallo
A, Younsi N, van der Flier WM (2018) Subjective cogni-
tive decline and rates of incident Alzheimer’s disease and
non–Alzheimer’s disease dementia. Alzheimers Dement 15,
465-476.

[8] Wolfsgruber S, Kleineidam L, Wagner M, Mösch E, Bickel
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