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Predicting future cognitive decline by olfactory testing: a longitudinal study in the
Iwaki Health Promotion Project 20162017
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Abstract

Objective: The incidence of dementia is increasing in developed countries, and early detection and treatment are
important. Considering that olfactory disorders are correlated with cognitive dysfunction, olfactory testing might
be a useful screening tool for dementia. In the present study, we investigated whether a simple olfactory test could
predict the short-term progression of cognitive decline using data from a longitudinal study of a community-dwelling
population.

Subjects and Methods: Subjects were participants of the Iwaki Health Promotion Project, a community-based program
aimed at improving average life expectancy. The subjects were examined using a 4-item modified Pocket Smell Test
(mPST) and the Mini-Mental State Examination (MMSE) in 2016 and 2017. The relationship between the change in
MMSE scores and olfactory identification ability in 2016 was analyzed in subjects with good MMSE scores in 2016.
Results: Among participants in their 60s and 70s, the olfactory-impaired group showed significantly lower MMSE
scores in 2017 than those of the good-olfaction group.

Conclusion: Olfactory testing may be a tool for early detection of the onset of cognitive decline in elderly people.
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Introduction

The increasing incidence of dementia in elder-
ly people has become a global and unavoidable
social problem. Because there is no effective
treatment for progressive dementia, early detec-
tion and intervention are important. Olfactory
dysfunction has been observed in various neuro-
degenerative diseases, particularly Alzheimer’s
disease (AD), Parkinson's disease (PD), and
other similar disorders. Previous studies have

revealed that olfactory disorders are correlated
with dementia, and olfactory tests can be used
as a screening tool"®. These results suggest that
otolaryngologists may also contribute to the
early detection of dementia.

We previously reported that the results of a
simple smell test, using three odorants from the
Odor Stick Identification Test for the Japanese
and from the 4-item modified Pocket Smell Test
(mPST), were correlated with Mini-Mental State
Examination (MMSE) scores, using data from
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the Iwaki Health Promotion Project in 2016 7
The Iwaki Health Promotion Project is a
community-based program aimed at improving
the average life expectancy by conducting
general health check-ups. Because check-ups are
performed every year, longitudinal evaluation is
also possible.

Wilson et al. reported that cognitive decline
could be predicted using olfactory identification
results, based on a 5-year longitudinal cohort
study of community-dwelling persons around the
age of 80 with normal cognitive function®.
Although younger subjects are ideal for the
early detection of dementia, few longitudinal
studies targeting a wider range of ages have
been conducted. In the present study, we
investigated the relationship between the level of
olfactory function based on mPST and cognitive
function after one year among participants of
the Iwaki Health Promotion Project aged 40 and
above with normal cognitive function.

Subjects and Methods

Participants

We mailed an invitation to all residents aged
20 years and above, living in Iwaki, a district of
Hirosaki City, to participate in the Iwaki Health
Promotion Project in 2016. Out of approximately
9,400 residents, 1,148 participated. The relation-
ship between cognitive function and impaired ol-
factory function was analyzed in 827 participants
who joined the project again in 2017. Of the 827
participants, 34 were excluded due to lack of
data, and 345 due to a history of malignant tu-
mors, cardiovascular disease, intracranial disease,
diabetes, or rhinosinus disease. Of the remaining
448, only those who were aged 40 and older
were selected. Finally, 355 participants (141 men
and 214 women) were enrolled for the analyses.

The data collection method was approved by
the Ethics Committee of the Hirosaki University
School of Medicine (2016-028, 2017-026), and all

participants gave written informed consent.

Lifestyles and physical measurements

Lifestyle information regarding age, sex, years
of education, present and past medical histories,
and smoking and drinking habits was obtained
through self-questionnaires and interviews.

Assessment of olfactory identification function

Olfactory identification ability was assessed
using the 4-item mPST of the University of
Pennsylvania Smell Identification Test series
modified for the Japanese market (UPSIT series,
Eisai; Tokyo, Japan), which was developed by
Sensonics International (Haddon Heights, NJ) 8
As described in detail by Yanagimachi et al.’,
the mPST consists of four “scratch and sniff”
cards prepared with microencapsulated odor
components (soap, grape, onion, and rose). When
the examiner gently scratches the area where
the smell is applied with a cotton swab, the smell
evaporates. Participants sniff and select the
corresponding odor among the four choices. The
results of these tests are represented by the
number of correct answers (0-4 points).

Assessment of cognitive impairment

All participants took the MMSE? (licensed
by Psychological Assessment Resources, Inc),
which is one of the most widely used screening
instruments for dementia to measure cognitive
function. The examination assesses the orienta-
tion of time and place, short-term memory,
episodic long-term memory, subtraction, ability
to construct a sentence, and oral language ability.
The maximum MMSE score is 30, and mild
cognitive impairment (MCI) is suspected at 27
points or less' . The MMSE was conducted by
a trained examiner, taking sufficient time, both
in 2016 and 2017. The change in scores was
calculated by subtracting the score in 2016 from
that in 2017.
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Table 1. Characteristics of participants

Men (n = 141) Women (n = 214) All (n = 355)
Age (years) 588 + 109 59.7 = 10.8 59.3 £ 10.8
40-49 32 45 77
50-59 41 56 97
60-69 46 75 121
70-79 17 32 49
80+ 5 6 11
Education (years) 121 =19 121 + 18 121 £ 18
Smoking (%) 56.0 220 35.5
Drinking (%) 745 294 473

Values are expressed as mean *+ standard deviation

MMSE, Mini-Mental State Examination

Statistical analysis

Receiver operating characteristic (ROC) anal-
ysis was performed to calculate mPST scores in
order to predict a decrease in MMSE scores in
2017. Based on the ROC analysis, subjects were
divided into two groups based on olfactory iden-
tification ability: those with good olfaction and
those with impaired olfaction. The relationship
between the change in MMSE score and
olfactory function was analyzed by age group in
a population with good MMSE scores of 28 and
above in 2016.

MMSE scores and mPST scores were ana-
lyzed by age group using Kruskal-Wallis test and
Steel-Dwass test, and the change in MMSE
scores was analyzed using the Mann-Whitney U
test. SPSS 22.0] software (IBM, Armonk, NY)
and BellCurve for Excel ver. 3.20 (Social Survey
Research Information Co., Ltd., Tokyo) were
used for data analysis, and p < 0.05 was consid-
ered statistically significant.

Results

Characteristics of participants

There were no significant differences in age
or educational history between men and women,
although smoking and drinking habits were
significantly higher in men (Table 1). In addition,
since the number of people aged 80 and over
was too small, they were excluded from further

statistical analysis.

MMSE and mPST scores by age group

As a result of the Kruskal-Warris test, mPST
scores were significantly different between the
age groups (p < 0.001). Identically, MMSE scores
were significantly different between the age
groups (p < 0.001). Furthermore, no significant
difference in mPST scores was found between
subjects in their 40s and 50s by multiple com-
parison test. However, the mPST scores of
subjects in their 60s and 70s were significantly
lower than those in their 40s and 50s (Fig. 1A).
Similarly, no significant difference was found in
MMSE scores between subjects in their 40s and
50s. However, MMSE scores of subjects in their
60s and 70s were significantly lower than those
in their 40s. (Fig. 1B)

A total of 329 participants (128 men and 201
women) who scored 28 or more on the MMSE
in 2016 were analyzed (Table 2). The mPST
scores were significantly different between men
and women (p = 0.034), but no significant
difference was found between the initial MMSE
scores and the change in MMSE scores.
Therefore, gender differences were not taken
into consideration in further analyses.

ROC curve and mPST cut-off
Figure 2 shows the ROC curve predicting the
decrease in MMSE scores after one year. The
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(A) Association between olfaction test scores and age, (B) association between MMSE scores and age.

(A) The mean mPST scores of subjects in their 40s, 50s, 60s, and 70s were 3.7 = 0.6, 3.7 = 0.6, 3.3 = 0.9, and 2.7
+1.3 (mean=SD) points, respectively. (B) MMSE scores are 29.8 =05, 29.7 0.5, 295 =06, and 29.1 £0.9 (mean
+SD), respectively. *and **denote significant (p < 0.05 and p < 0.01, respectively). MMSE, Mini-Mental State

Examination; mPST, modified Pocket Smell Test; SD, standard deviation.

Table 2. Characteristics of subjects

MMSE = 27 MMSE = 28
Age (years) 649 +85 582 +10.0
40-49 1 76
50-59 2 95
60-69 8 113
70-79 4 45
Total number (male : female) 15 (7:8) 329 (128 : 201)

Values are expressed as mean = standard deviation

area under the curve (AUC) was 0.578. The
mPST score cut-off value that had the best
combination of sensitivity (67.6%) and specificity
(47.2%) in predicting a decrease in the MMSE
scores was set at 3.5 points. Therefore, we
assumed that a score of 4 points signified good
olfaction, whereas a score of 3 points or less

meant impaired olfaction.

Comparison of the change in MMSE scores between
subjects with good olfaction and impaired olfaction
by age

The change in MMSE scores was analyzed in
two age groups: 40-59 years and 60-79 years.
No significant change in MMSE scores was

found between the good olfaction (mPST =4, n
= 127) and impaired olfaction (mPST < 3, n =
44) groups in subjects in their 40s and 50s (Fig.
3A). On the other hand, the change in MMSE
scores of elderly subjects in the impaired olfac-
tion group (mPST < 3, n = 80) was significantly
larger than that of elderly subjects in the good
olfaction group (mPST =4, n = 78) (Fig. 3B).

Discussion

Odor information from the olfactory bulb is
transmitted via the olfactory tract to the prima-
ry olfactory cortical areas and to secondary
olfactory regions, such as the hippocampus and
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Figure 2 ROC curve predicting a decrease in MMSE scores in the next year. AUC was 0.578. ROC, receiver
operating characteristic; MMSE, Mini-Mental State Examination; AUC, area under the curve.
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Figure 3 Comparison of the change in MMSE scores between the good olfaction group and impaired
olfaction group in subjects aged (A) 40-59 years and (B) 60-79 years.

(A) The mean MMSE scores of in the good and impaired olfaction groups of middle age are -0.04 £0.11
and 0.04 £0.07 (mean =SE) respectively. (B) The mean MMSE scores of in the good and impaired olfaction
groups of elderly age are 0.08 =0.08, -0.24 (.12, respectively. *denote significant (p < 0.05). Mann-Whitney
U test; MMSE, Mini-Mental State Examination; mPST, modified Pocket Smell Test; SE, standard error.

orbitofrontal cortex'?, which are involved in
memory and cognitive functions. Therefore,
patients with cognitive decline may develop
olfactory and memory impairments simultane-
ously due to these interrelated anatomical
functions" . Previous reports have revealed that
olfactory tests can be a preclinical diagnostic

marker for AD and PD. Olfactory dysfunction
progresses earlier in patients with PD than in
healthy subjectsz'g'm. In AD, damage to the
entorhinal cortex occurs during MCI, before the
onset of dementia, which suggests that cognitive
decline and olfactory impairment are closely
associated'. In a prospective study of elderly
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people without cognitive impairment, Wilson et
al. reported that people with low odor identifica-
tion scores developed MCI after 5 years, a 50%
higher risk compared with people with high odor
identification scores”. These findings imply that
olfactory tests may be useful for predicting
cognitive decline in the future.

We previously reported the relationship
between cognitive function and the results of a
simple smell identification test using three
odorants from the Odor Stick Identification Test
for Japanese (OSIT-]) and found that the 4-item
mPST may be useful for rapid screening of cog-
nitive decline®”. Although both studies showed
that a simple smell identification test might be
useful for the early detection of dementia, they
are cross-sectional studies lacking chronological
observation. We expected to derive more conclu-
sive results from the present longitudinal
investigation. The results in 2016 from the Iwaki
Health Promotion Project showed that mPST
and MMSE scores declined significantly with
age (Fig. 1), which is consistent with our
previous reports.

In the present study, subjects with MMSE
scores in 2016 of 27 or less were excluded because
it was intended to screen for earlier cognitive
decline. Subjects with MMSE scores of 28 and
above were included in the statistical analysis as
the normal cognitive function group. Participants
in their 60s and 70s with olfactory impairment
were found to have reduced MMSE scores in the
following year compared with those with good
olfaction, although no significant correlation was
found between olfactory function and the change
in MMSE scores among participants in their 40s
and 50s. Therefore, olfactory testing may be
more beneficial for the early detection of demen-
tia in elderly people. Previous studies have
revealed that the estimated number of patients
with AD has increased exponentially over time'®:
namely, cognitive decline progresses rapidly in
subjects over 60 years of age. It seems reason-

able that a significant change in MMSE scores
was observed only in subjects in their 60s and
70s in our study.

In conventional MCI screening, questionnaires
like the Montreal Cognitive Assessment (MoCA)
and MMSE, observation methods, and blood
tests are used. However, these evaluation meth-
ods have diagnostic value only after the onset of
MCI. Moreover, amyloid B deposition and cere-
bral atrophy have been observed by imaging
studies, even in patients with MMSE scores

89 Other reports revealed

above the cut-off value
that subjects with severe olfactory disorders
showed decreased metabolism in the brain,
particularly in the frontal and occipital lobes'®.
Thus, incorporating olfactory tests into dementia
screening might be useful for the earlier
detection of cognitive decline. Moreover, com-
pared with fluorodeoxyglucose-positron emission
tomography (FDG-PET), amyloid PET, cerebro-
spinal fluid testing, and magnetic resonance
imaging, olfactory tests are less invasive, more
cost-effective, and less time-consuming, which
makes them a simple and practical option as a
screening test for cognitive decline.

In the present analysis, we determined that
the cut-off point was 3.5 points from the ROC
curve created by the mPST score and the de-
gree of change in MMSE scores. Thus, particip
ants with an mPST score of 3 or less were clas-
sified as having olfactory impairment. Conse-
quently, as many as 80 out of 168 participants
aged 60-79 years were assessed as olfactorily
impaired. Further investigation is needed to de-
termine whether the number of odorants used
for the mPST is appropriate or if other odorants
should be included for efficient cognitive function
screening.

This study has several limitations. We used
only MMSE scores for the cognitive function
assessment. In addition, all participants in this
study were volunteers who were interested in
their health status and may be healthier than
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other community members who did not partici-
pate in the study. These selection biases should
be considered when targeting the general popu-
lation. Finally, since this study surveyed only a
short period of one year, it is necessary to set a
longer study period for further research.

Conclusion

We conducted a longitudinal study to determine
whether a simple olfactory test could predict the
progression of cognitive decline. As a result, we
found olfactory testing may provide clues for the
early detection of cognitive decline in an elderly
population.
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