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Olfactory Identification and Incidence
of Mild Cognitive Impairment in Older Age
Robert S. Wilson, PhD; Julie A. Schneider, MD; Steven E. Arnold, MD;
Yuxiao Tang, PhD; Patricia A. Boyle, PhD; David A. Bennett, MD

Context: Mild cognitive impairment (MCI) is often a precursor to Alzheimer disease, but knowledge about factors that predict its development is limited.
Objective: To test the hypothesis that impaired odor
identification is related to increased risk of incident MCI.
Design: Longitudinal cohort study.
Setting: Academic research.
Participants: Subjectswere589community-dwellingolder

persons without cognitive impairment at study baseline, at
which time odor identification was assessed using the 12itemBriefSmellIdentificationTest(mean±SDscore,9.3±1.9).
Main Outcome Measures: Incidence of MCI and rate

of decline in cognitive function.
Results: During annual observation of up to 5 years, 177
subjects developed MCI. In a proportional hazards model
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adjusted for age, sex, and education, odor identification
score predicted development of MCI (relative risk, 1.15;
95% confidence interval, 1.07-1.23), with risk increased by 50% in persons with below-average (score of
8 [25th percentile]) compared with above-average (score
of 11 [75th percentile]) odor identification scores. Results were not substantially changed in subsequent analyses that controlled for level of cognitive function or disability, presence of stroke, or smoking status at baseline
or that required MCI to persist for at least 1 year. Impaired odor identification was also associated with a lower
level of global cognition at baseline and with more rapid
decline in episodic memory, semantic memory, and perceptual speed.
Conclusion: Among older persons without manifest cognitive impairment, difficulty in identifying odors predicts subsequent development of MCI.
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ILD COGNITIVE IMPAIR-

ment (MCI) is increasingly recognized as a
precursor to Alzheimer disease (AD), but
there have been few prospective studies1-6 of the transition from normal cognition to MCI, so knowledge of its antecedents is limited. In the present study, we
tested the hypothesis that impaired ability to identify odors is associated with increased incidence of MCI. The hypothesis is based on 2 lines of evidence. First,
impaired odor identification has been associated with more rapid cognitive decline7-10 and with the transition from MCI
to AD.11,12 Second, in earlier clinicopathological analyses of this cohort, odor identification had a robust association with
neurofibrillary tangles in the entorhinal
cortex and CA1 region of the hippocampus,13 components of the central olfactory system that are thought to be among
the first sites of AD pathologic changes.14-17
Therefore, we reasoned that difficulty in
identifying odors might precede the development of cognitive impairment.
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To test this hypothesis, we used data from
the Rush Memory and Aging Project,18 a longitudinalclinicopathologicalstudyofriskfactors for common chronic conditions of older
age. We assessed odor identification using
a standard test in persons without cognitive
impairment who had annual clinical evaluations thereafter. In analyses, we tested the
association of odor identification score with
risk of developing MCI. Because of the lack
of secure agreement on how best to diagnose
MCI, we also tested the relation of odor identification to cognitive decline, a continuous
outcome that underlies the transition from
normal cognition to MCI.
METHODS

PARTICIPANTS
All subjects were from the Rush Memory and Aging Project. The study began in 1997 and is ongoing.18 Participants agreed to annual clinical
evaluations and to brain donation at death. The
study was approved by the Institutional Review
Board of Rush University Medical Center,
Chicago, Illinois.
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Persons in the greater Chicago metropolitan area were recruited from several settings, including retirement communities, subsidized housing facilities, local churches, and social service agencies. Following a presentation about the project,
attendees rated their interest in participation. Those expressing interest were subsequently contacted by project staff members, who discussed the study in further detail and obtained
informed consent.
At the time of enrollment, each participant underwent a uniform clinical evaluation that was repeated annually thereafter. It
included a medical history, neurological examination, and detailed cognitive function testing. Clinical classification of dementia and MCI was accomplished in 2 steps, blinded to all previously collected data, following procedures developed in other
longitudinal cohort studies19,20 before their implementation here.21
First, a neuropsychologist rated impairment in 5 cognitive domains (orientation, attention, memory, language, and perception) based on review of all cognitive test results and information about education, effort, and sensory and motor deficits. To
help maintain consistency in the ratings, the neuropsychologist
was given provisional ratings of each domain based on educationally adjusted cutoff scores on 11 tests that are discussed in
an earlier study.19 Second, an experienced clinician rendered diagnostic judgments based on an in-person evaluation of the participant and a review of all available data from that evaluation,
including the neuropsychologist’s ratings.22 The dementia criteria were based on the guidelines proposed by the joint working
group of the National Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer Disease and Related Disorders Association23 and require a history of cognitive
decline and evidence of impairment in at least 2 cognitive domains, 1 of which must be memory, to meet the criteria for AD.
Persons were classified as having MCI if they were rated as having cognitive impairment by the neuropsychologist yet did not
meet the criteria for dementia. Although there are no consensus
criteria for MCI, these criteria are similar to those proposed by
others,24 and in this cohort and in the Religious Orders Study,25
they have been validated clinically (in the form of associations
with subsequent cognitive decline and risk of dementia and
death19,21) and pathologically (in the form of associations with the
pathologic hallmarks of late-life dementia26,27). Mild cognitive impairment was classified as amnestic if episodic memory was impaired, as previously reported.28
Of 976 subjects who had completed the baseline clinical
evaluation at the time of these analyses, we excluded 44 persons who met the criteria for dementia and 238 persons with
MCI. This left 694 subjects without cognitive impairment; 11
died before the first follow-up evaluation, and 54 had not been
in the study long enough to be followed up. Of the remaining
629 persons, follow-up data were available on 589 (93.6%), with
2 complete annual evaluations in 140 subjects, 3 in 144 subjects, 4 in 189 subjects, 5 in 74 subjects, and 6 in 42 subjects.
Overall, 95.2% of annual follow-up evaluations were completed by survivors, with the differential number of evaluations per individual reflecting rolling admission to the study
and differential survival. They had a mean±SD age at baseline
of 79.9±6.8 years, a mean±SD of 14.6±3.0 years of schooling,
and a mean±SD score of 28.5±1.6 on the Mini-Mental State
Examination. Seventy-seven percent were women, 91.0% were
of white and non-Hispanic race/ethnicity, 9.7% required assistance with at least 1 physical activity of daily living (eg, dressing and toileting) on the 6-item scale by Katz et al,29 and 46.9%
needed help with at least 1 instrumental activity of daily living
(eg, using the telephone and taking medications) on an 8-item
modified version of the scale of the Older Americans Resources and Services project.30 Clinical stroke, classified on the
basis of the findings of the medical history and neurological
examination,18 was present in 10.5%.

ASSESSMENT OF ODOR IDENTIFICATION
The ability to identify familiar odors was assessed at baseline
using the 12-item Brief Smell Identification Test.31,32 On each
item, a microcapsule containing a familiar odor was scratched
with a pencil and was placed under the nose of the participant, who attempted to match the smell with 1 of 4 alternatives. The score was the number of correct choices. As in previous research, 10,13 we allowed a maximum of 2 missing
responses, with a score of 0.25 assigned to each missing item.
Performance on the Brief Smell Identification Test has been
shown to have adequate temporal stability, with a test-retest
correlation of 0.71 in a study31; performance has been associated with risk of AD12 and rate of cognitive decline7,9,10 in prospective studies and with a genetic risk factor for AD,31 level of
AD pathologic features,13 and presence of Parkinson disease33
in cross-sectional studies. Nevertheless, its temporal stability31 and predictive validity12,31 are reduced compared with the
40-item University of Pennsylvania Smell Identification Test,34
from which it was developed.

ASSESSMENT OF COGNITIVE FUNCTION
A battery of 21 cognitive tests was administered at each annual evaluation in an approximately 1-hour session. The MiniMental State Examination was used for descriptive purposes,
and Complex Ideational Material was used for diagnostic evaluation. Analyses were based on the remaining 19 tests, which
include 7 measures of episodic memory (immediate and delayed recall of the East Boston Story and Story A from Logical
Memory and Word List Memory, Word List Recall, and Word
List Recognition). Semantic memory was assessed using a 15item version of the Boston Naming Test, a 15-item reading recognition test, and Verbal Fluency. There were 3 measures of
working memory (Digit Span Forward, Digit Span Backward,
and Digit Ordering). Perceptual speed tests included the oral
version of the Symbol Digit Modalities Test, Number Comparison, and 2 measures from a modified Stroop Neuropsychological Screening Test (the number of color names correctly read in 30 seconds minus the number of errors and the
number of colors correctly named in 30 seconds minus errors). Visuospatial ability was assessed using a 16-item version of Standard Progressive Matrices and a 15-item version of
Judgment of Line Orientation.
To minimize floor and ceiling artifacts and other sources
of measurement error, composites of 2 or more tests were used
in analyses. We formed a measure of global cognition based on
all 19 test results. In addition, based in part on factor analyses
of the test results at baseline,35,36 we constructed measures of
episodic memory (7 tests), semantic memory (3 tests), working memory (3 tests), perceptual speed (4 tests), and visuospatial ability (2 tests). In each case, raw scores were converted to z scores, using the baseline mean and SD in the cohort,
and the z scores of component tests were averaged to yield the
composite. Detailed information on the individual test results
and on the derivation of these composite scores is contained
in previous publications.35,36

DATA ANALYSIS
All analyses controlled for age, sex, and education. Cox proportional hazards models37 were used to test the relation of olfactory score to risk of incident MCI. The first model included
the olfactory score. In separate analyses, we added terms to control for semantic memory, global cognitive score, perceptual
speed score, Katz scale score, instrumental activities score, stroke,
and smoking status. We repeated the original analysis using
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Table 1. Descriptive Information on Subjects Who
Developed Incident Mild Cognitive Impairment (MCI)
vs Those Who Did Not a

Age, y
Educational
achievement, y
Female sex
Test scores
Odor identification
Semantic memory
Global cognition
Dependent in
physical ADLs
Dependent in
instrumental ADLs
Stroke
Smoking history
Current
Former

Incident MCI
(n = 177)

No Cognitive
Impairment
(n = 412)

P Value

81.7 ± 6.7
14.8 ± 3.1

79.2 ± 6.8
14.5 ± 3.0

⬍.001
.36

71.2

79.6

.03

8.8 ± 2.2
−0.09 ± 0.69
0.10 ± 0.41
13.0

9.5 ± 1.8
0.35 ± 0.52
0.41 ± 0.40
8.3

Cumulative Hazard of MCI

Characteristic

0.8

⬍.001
⬍.001
⬍.001
.08

54.8

43.6

.01

13.6

9.2

.12

5.1
35.6

3.6
34.7

.42
.84

Abbreviation: ADLs, activities of daily living.
a Data are given as mean ± SD or as percentage.
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Figure 1. Cumulative risk of developing mild cognitive impairment (MCI) in
typical participants with below-average (solid line [25th percentile]) or
above-average (dotted line [75th percentile]) odor identification scores.

proportional hazards models, PROC MIXED procedures for
mixed-effects models, and GENMOD procedures for the generalized estimating equation model.
RESULTS

persistent MCI (ie, present on consecutive evaluations) instead of first occurrence of MCI as the outcome. We also constructed a model using an indicator for the persistent subtype
of MCI and a term for the interaction of the indicator with olfactory score and then conducted an identical analysis using
amnestic MCI subtype. We tested the assumption about the proportionality of the hazard function by examining graphs of
Schoenfeld residuals and by performing additional analyses using
time-dependent versions of model terms, and we found that it
was adequately met.
Mixed-effects models38 were used to test the relation of olfactory score to baseline level and rate of change in cognitive
function. An advantage of this approach is that the baseline level
of cognition and rate of change are explicitly modeled as sources
of random variability, with each individual path assumed to follow the mean path of the group (conditional on covariates) except for random effects that cause baseline level to be higher
or lower and rate of change to be faster or slower. Each model
included terms for time (in years since baseline) and time
squared to allow for nonlinear change in cognitive function
(which has been previously observed in this cohort39) and for
olfactory score and the interaction of olfactory score with time
(and random effects for baseline level of cognition and time).
The term for olfactory score indicates the association of the score
with the level of cognition at baseline, and the interaction tests
the relation of olfactory score to rate of change in cognition.
We validated these models by examining plots of residuals
against predictors (to test the linearity assumption) and by using
contour plots and the Shapiro-Wilk test (to assess normality
of errors and random effects). Further information on the application of these models to longitudinal cognitive data is provided in an earlier publication using similar data from a separate cohort.40
We examined the relation of olfactory score to change in
instrumental activities of daily living using a generalized estimating equation model.41 Because of the skewed distribution
of the instrumental activities scale, we used a log-link function with a Poisson error structure.
Programming was performed using SAS software (SAS Institute, Cary, North Carolina)42: PROC PHREG procedures for

Scores on the Brief Smell Identification Test ranged from
1 to 12 (mean±SD score, 9.3±1.9), with higher scores
indicating better odor identification. Performance was inversely related to age (r =−0.16, P ⬍.001) and was unrelated to education (r = 0.02, P =.65). Women (mean
score, 9.4) performed slightly better than men (mean
score, 8.9) (t176 =2.1, P=.04).
ODOR IDENTIFICATION AND INCIDENT MCI
Of 589 subjects without cognitive impairment at baseline, 177 subjects (30.1%) developed MCI during the follow-up period. Those who developed MCI were older and
more apt to be men than those who did not develop impaired cognition, and they had lower levels of odor identification and cognitive function (Table 1).
We examined the relation of odor identification score
to risk of initial occurrence of MCI in a proportional hazards model that controlled for age, sex, and education.
In this analysis, risk of MCI increased as the odor identification score decreased (relative risk [RR], 1.15; 95%
confidence interval [CI], 1.07-1.23). Figure 1, which
is based on this analysis, shows this association: a person with below-average test performance (score of 8 [solid
line, 25th percentile]) was 50% more likely to develop
MCI than a person with above-average test performance
(score of 11 [dotted line, 75th percentile]).
Because odor identification involves linking an odorant to a verbal label, 43 thereby engaging semantic
memory,44 we repeated the analysis using a term for score
on a composite measure of semantic memory at the time
of smell assessment. The association of odor identification with incidence of MCI was not substantially changed
in this analysis (RR, 1.14; 95% CI, 1.06-1.22) or after controlling for global cognition (RR, 1.12; 95% CI, 1.041.20 [composite of 19 individual tests]). We also con-
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Table 2. Relation of Odor Identification to Baseline Level of
and Rate of Decline in Different Domains of Cognition a

0.6

Cognitive Outcome
and Model Term

Global Cognition

0.4

Episodic memory
Odor identification
Odor-⫻-time
Semantic memory
Odor identification
Odor-⫻-time
Working memory
Odor identification
Odor-⫻-time
Perceptual speed
Odor identification
Odor-⫻-time
Visuospatial ability
Odor identification
Odor-⫻-time

0.2

0.0

–0.2
0
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Figure 2. Predicted paths of global cognitive decline in typical participants
with below-average (solid line [25th percentile]) or above-average (dotted
line [75th percentile]) odor identification scores.

sidered the possibility that results were affected by subtle
deficits in executive thinking or in functional competence, but results were comparable after controlling for
a composite measure of perceptual speed, which included tests of executive functioning (RR, 1.13; 95% CI,
1.05-1.21) or physical (RR, 1.14; 95% CI, 1.06-1.22 [Katz
scale]) or instrumental (RR, 1.12; 95% CI, 1.05-1.20
[modified version of Older Americans Resources and Services project scale]) activities of daily living.
Cigarette smoking and stroke have been associated with
impaired olfactory function.45 Therefore, we repeated the
analysis using a term for clinically diagnosed stroke (present in 10.5% at baseline) and using indicators contrasting current (4.1%) and past (35.0%) smokers with those
who never smoked. In this analysis, odor identification
continued to be related to risk of MCI (RR, 1.14; 95%
CI, 1.07-1.22).
Mild cognitive impairment does not always progress
to dementia or even persist, with large numbers of persons reverting back to normal cognitive performance.46,47 Of 177 persons with incident MCI, 73 had MCI
or dementia at their next evaluation or had died. We constructed a proportional hazards model to test the association of olfactory score with risk of this definition of
persistent MCI. In this analysis, risk decreased by about
16% for a 1-point increase in odor identification test score
(RR, 1.16; 95% CI, 1.05-1.28), which is almost identical
to that in the original analysis. In subsequent analyses,
the association of odor identification with MCI did not
depend on MCI meeting the criteria for persistent or amnestic (present in 54.2%) subtype (data not shown).
ODOR IDENTIFICATION
AND COGNITIVE DECLINE
Because development of MCI involves cognitive decline, assessing change in cognitive function in persons
initially free of MCI or dementia provides a complementary approach to investigating risk factors for MCI that
does not depend on how MCI or its incidence is defined. Accordingly, we constructed a mixed-effects model
to characterize change in cognitive function in those with-

Estimate,
Mean ± SE

P Value

0.038 ± 0.009
0.009 ± 0.004

⬍.001
.02

0.044 ± 0.011
0.007 ± 0.003

⬍.001
.03

0.051 ± 0.014
0.001 ± 0.004

⬍.001
.69

0.060 ± 0.013
0.009 ± 0.004

⬍.001
.03

0.031 ± 0.012
0.004 ± 0.004

.01
.35

a Estimated from mixed-effects models adjusted for age, sex, and
education.

out baseline cognitive impairment and to test the hypothesis that difficulty in identifying odors is related to
more rapid cognitive decline in this subgroup. The model
included terms for time and time squared (to allow for a
gradually accelerating course of cognitive decline), for
odor identification and its interaction with time, and for
the potentially confounding effects of age, sex, and education. In this analysis, odor identification was positively related to baseline level of global cognition
(mean±SE estimate, 0.043±0.008; P⬍.001). With this
baseline effect accounted for, lower olfactory score was
associated with more rapid linear decline in global cognition (mean±SE estimate, 0.006±0.003; P =.03), as hypothesized.
To illustrate this result, we plotted the predicted paths
of change in cognitive function for participants with below-average (score of 8 [solid line, 25th percentile]) and
above-average (score of 11 [dotted line, 75th percentile]) olfactory test performances (Figure 2). Difficulty in identifying odors was associated with a lower initial level of cognition and with a more rapid rate of decline.
To see if odor identification was associated with decline in some forms of cognition but not in others, we
repeated the analysis using specific measures of cognition in place of the global measure (Table 2). In these
analyses, difficulty in identifying odors was associated
with lower function at baseline in all cognitive domains
and with more rapid decline in episodic memory, semantic memory, and perceptual speed but not in working memory or visuospatial ability.
We also examined whether odor identification was associated with increasing dependence in instrumental activities of daily living, a common consequence of cognitive decline. A lower odor identification score was
associated with more dependence in instrumental activities at baseline (mean ± SE estimate, −0.095 ± 0.025;
P⬍.001) but not with a change in dependence over time
(mean±SE estimate, 0.004±0.006; P =.48).
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ODOR IDENTIFICATION AND
THE TRANSITION FROM MCI TO AD
Because odor identification has also been reported to predict the transition from MCI to AD,11,12 we examined this
issue in persons diagnosed as having MCI at baseline (and
excluded from all analyses to this point). Follow-up data
were available on 183 subjects with MCI at baseline, and
53 of these subsequently developed AD. In a proportional hazards model, risk of AD increased by about 18%
for a 1-point increase in odor identification test score (RR,
1.18; 95% CI, 1.07-1.30).
COMMENT

We assessed the ability to identify familiar odors in a group
of almost 600 older persons without evidence of cognitive impairment at study onset. During annual follow-up
evaluations for up to 5 years, about 30% of the group developed MCI, and the risk of developing MCI was increased by 50% in those with mild difficulty in identifying odors at baseline compared with persons with preserved
odor identification. The results indicate that olfactory dysfunction can precede cognitive impairment in AD.
As already noted, impaired olfactory identification has
been associated with the risk of AD in persons with
MCI11,12 (also shown in this study) and with a more rapid
rate of cognitive decline in older persons initially free of
dementia.7-10 The present findings build on this research by showing that difficulty in identifying odors predicts not only the transition from MCI to AD but also
the transition from normal cognition to MCI. This latter
finding is important: by the time persons meet the criteria for MCI, they are already exhibiting the primary clinical manifestation of AD, accelerated cognitive decline,19,21 and the neuropathologic hallmarks of the
disease,24,48-50 consistent with the idea that MCI is a prodromal stage of AD. As treatments are developed to prevent AD or to delay its onset, it may be important to intervene before this prodromal period begins and before
cognitive systems are manifestly dysfunctional. The results of this and other prospective studies1-6 suggest it may
be possible to identify subsets of older subjects without
cognitive impairment who are at increased risk for developing MCI and AD.
The neurobiological bases of age-associated olfactory dysfunction are uncertain. Odor information from the olfactory bulb is transmitted via the olfactory tract to primary
olfactory cortical areas (eg, piriform cortex, cortical nuclei of the amygdala, and entorhinal cortex) and to subcortical areas (eg, ventral striatum and ventromedial hypothalamus), which project to secondary olfactory regions
such as hippocampus and orbitofrontal cortex. In a previous study13 of this cohort, odor identification was related
to the density of tau-immunoreactive tangles in areas within
this central olfactory system (ie, entorhinal cortex and hippocampus) but not outside of it, implicating the accumulation of neurofibrillary pathologic features within central
olfactory pathways in age-related olfactory impairment.
Neuropathological14,15 and neuroradiological16,17 evidence suggests that medial temporal lobe structures, par-

ticularly the entorhinal cortex and hippocampus, are affected early in the course of AD. In the model of disease
progression by Braak and Braak,15 for example, neurofibrillary tangles are confined to the entorhinal cortex in the
initial transentorhinal period. Although this period is hypothesized to be clinically silent, accumulating entorhinal
tangles would be expected to impair olfactory processing
at some point, with further dysfunction occurring as more
of the limbic system is affected (and prodromal clinical signs
appear) in the subsequent limbic stage of the model.
Impaired olfaction is seen in age-related disorders not
involving neurofibrillary pathologic features, most notably Parkinson disease,33,51 suggesting that factors other
than tangles are involved in age-related olfactory dysfunction. Olfactory regions are early sites of Lewy body
pathologic findings in Parkinson disease,52 and Lewy bodies have been associated with impaired olfaction in dementia.53,54 Another consideration is that neurogenesis
in the olfactory bulb persists throughout life. Animal studies show that bulbar neurogenesis is associated with the
efficiency of olfactory processing,55,56 regulated in part
by a dopaminergic nigro-subventricular circuit,57 and
greatly reduced in aged individuals.55,58 Little is known
about bulbar neurogenesis in humans,59 although it seems
to be reduced in Parkinson disease60 and may have relevance to olfaction in older age. Further clinicopathological and clinicoradiological research on age-related olfactory dysfunction is needed.
The lack of a consensus definition of MCI and the transitory nature of the condition complicate research on its
incidence. The incidence of MCI in this cohort was higher
than that in previous reports,3-5 likely in part because participants are older, which substantially increases MCI
risk.1,4,5 When we shifted from a less restrictive (ie, first
occurrence of cognitive impairment) to a more restrictive (ie, occurrences on consecutive evaluations) definition of incidence, the estimated rate was reduced by more
than half, but the association of odor identification with
risk was essentially unchanged. Furthermore, because
those diagnosing MCI at each evaluation were blinded
to data from all previous evaluations, we were able to use
analyses of change in cognitive function as a means of
testing the validity of results obtained using MCI as the
outcome. That impaired odor identification was associated with lower baseline level of cognition and with more
rapid cognitive decline accounts for its robust association with MCI incidence and indicates that the association is not likely to be due to how MCI or its incidence
was operationalized in this study.
The use of change in cognitive function instead of MCI
as an outcome not only substitutes a continuous measure for a dichotomous one and avoids the definitional
problems accompanying MCI but also provides an opportunity to examine whether the relation of odor identification to loss of cognition varies across functional domains. The association was most pronounced in episodic
memory, the clinical hallmark of AD, and in the domains of semantic memory and perceptual speed, which
include measures of executive function. This finding is
consistent with previous research among older persons
without dementia,8-10 possibly reflecting the accumulation of AD pathologic features in regions of the medial
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temporal lobe and prefrontal cortex involved in olfactory and cognitive processing.
This study has several limitations. The findings are
based on a selected group of older persons. Therefore,
it will be important to establish whether they generalize to more diverse cohorts and to defined populations. It also remains to be seen whether results can be
replicated using different definitions of MCI. Psychometric differences between the cognitive domain measures may have contributed to the differential association of olfactory score with change in those measures.
We assessed olfactory function using a short form of
an established test, which may have led us to underestimate the association of olfaction with MCI. Finally,
results are based exclusively on olfactory identification, as has been the case for most prospective
studies7-12 of subjects initially free of dementia. Findings from cross-sectional studies of persons with
AD61,62 or at risk for it62,63 suggest that other forms of
olfactory processing (eg, odor detection or memory)
are affected by the disease, but the extent to which
these can be dissociated from impaired olfactory identification64,65 and contribute to prediction of MCI is
uncertain.
In conclusion, a brief test of odor identification,
previously associated with tangle density in the entorhinal cortex and hippocampus,13 predicted cognitive
decline and incidence of MCI in older subjects without evidence of cognitive impairment at study onset.
The findings suggest that olfactory dysfunction can be
an early manifestation of AD, possibly a marker of
transentorhinal AD in Braak terminology, and that
olfactory assessment may be useful for early disease
identification.
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