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Objective: This study evaluated the pre-
dictive utility of olfactory identification
deficits in patients with mild cognitive im-
pairment for follow-up diagnosis of prob-
able Alzheimer’s disease.

Method: Ninety outpatients with mild
cognitive impairment were examined at
6-month intervals. Matched healthy com-
parison subjects (N=45) were examined
annually. The University of Pennsylvania
Smell Identification Test was given at
baseline.

Results: Olfaction scores were lower in
patients with mild cognitive impairment
than in healthy comparison subjects. Sev-
enty-seven patients were followed up; 19
were diagnosed with Alzheimer’s disease
by 2 years. Patients with low olfaction
scores (≤34 of 40), and patients with low
olfaction scores who reported no subjec-
tive problems smelling, were more likely
to develop Alzheimer’s disease than other
patients. In a Cox proportional hazards

model adjusted for age, sex, modified
Mini-Mental State score, and education,
low olfaction scores did not predict time
until development of Alzheimer’s disease,
but low olfaction scores accompanied by
lack of awareness of olfactory deficits pre-
dicted time to development of Alzhei-
mer’s disease. This effect remained when
attention or memory measures replaced
modified Mini-Mental State score in the
model. In patients with high Mini-Mental
State scores (≥27 of 30), low olfaction with
lack of awareness remained a significant
predictor of Alzheimer’s disease. Olfaction
scores of 30–35 showed moderate to
strong sensitivity and specificity for diag-
nosis of Alzheimer’s disease at follow-up.

Conclusions: In patients with mild cog-
nitive impairment, olfactory identifica-
tion deficits, particularly with lack of
awareness of olfactory deficits, may have
clinical utility as an early diagnostic
marker for Alzheimer’s disease.

(Am J Psychiatry 2000; 157:1399–1405)

Early in the course of Alzheimer’s disease, degenera-
tion occurs in the entorhinal-hippocampal-subicular
complex, and the neurons of the olfactory epithelium
show numerous neurofibrillary tangles (1). Studies of ol-
factory tasks have consistently shown olfactory identifica-
tion (discrimination among odors) deficits in patients
with Alzheimer’s disease in relation to comparison sub-
jects (2–5). There is some evidence that the severity of ol-
factory dysfunction increases with age (6) and severity of
dementia (3, 7, 8). Impaired olfactory detection has been
observed in first-degree relatives of patients with Alzhei-
mer’s disease (9). The association between olfactory dys-
function and Alzheimer’s disease shows moderate speci-
ficity against common neurologic and psychiatric
disorders (10). Deficits in olfactory identification are not
consistently seen in patients with Huntington’s disease
(11) or depression (12), but mild deficits have been ob-
served in the Parkinson’s dementia complex of Guam (11)
and in amyotrophic lateral sclerosis (13), whereas the
findings for Parkinson’s disease are equivocal (14).

There is limited information on olfactory identification
test performance in patients with mild cognitive impair-
ment, defined broadly as fitting into the category between
being “normal” and having “dementia.” Nordin and Mur-

phy (5) have shown that compared to 16 normal compari-
son subjects, 16 patients with “questionable” Alzheimer’s
disease had significantly higher thresholds for odor but
not for taste, performed significantly worse on tests of rec-
ognition memory for odors and visual stimuli, and tended
to be less familiar with odors but not visual stimuli.

Early detection of Alzheimer’s disease has clinical and
potential therapeutic application in patients with mild
cognitive impairment, some of whom progress to Alzhei-
mer’s disease, while others do not (15). Lack of awareness
of cognitive deficits is common in Alzheimer’s disease and
may occur at the mild cognitive impairment stage, before
the diagnosis of Alzheimer’s disease is made (16). Simi-
larly, lack of awareness of olfactory identification deficits
may occur in patients with mild cognitive impairment,
which, to our knowledge, has not been studied previously.
We hypothesized that olfactory identification deficits, par-
ticularly when accompanied by lack of awareness of olfac-
tory deficits, characterize patients with mild cognitive im-
pairment who subsequently develop Alzheimer’s disease.
We report initial findings to test these hypotheses in a
study of patients with mild cognitive impairment (and
normal comparison subjects) followed systematically in a
clinical setting.



1400 Am J Psychiatry 157:9, September 2000

PREDICTING ALZHEIMER’S DISEASE

Method

Subjects

Outpatients with mild cognitive impairment who were seen at
a memory disorders center were recruited for a prospective study
that examined putative early diagnostic markers of Alzheimer’s
disease. The research protocol was approved by the institutional
review boards of the New York State Psychiatric Institute and Co-
lumbia Presbyterian Medical Center, and written informed con-
sent was obtained from each patient. Patients were examined at
6-month intervals. Normal comparison subjects, who were
matched to the patients with mild cognitive impairment on age,
sex, and years of education, were examined annually.

For patients, inclusion criteria were age ≥40 years, intellectual
impairment for ≥6 months and ≤10 years, and the diagnosis of
“not demented” (score=0) or “questionably demented” (score=
0.5) on the Clinical Dementia Rating scale (17). Patients had a
minimum modified Mini-Mental State score of ≥40 of 57 (equiva-
lent to Mini-Mental State score of ≥22 [18, 19]), with the caveat
that primarily Spanish-speaking patients with ≤5 years of educa-
tion were included if they had a modified Mini-Mental State score
of ≥35. The following deficits on neuropsychological testing
served as screening guidelines: impairment in memory, as evi-
denced by recall of fewer than three of three objects after 5 min-
utes on the modified Mini-Mental State (18), a delayed recall
score of more than one standard deviation below norms in the
six-trial Selective Reminding Test (20), or impaired intellectual
performance, as evidenced by a WAIS-R performance IQ ≥10
points below the WAIS-R verbal IQ. These neuropsychological
criteria served only as screening guidelines; the final determina-
tion for study inclusion was based on a consensus diagnosis by
expert raters.

Exclusion criteria were a diagnosis of dementia, schizophrenia,
schizoaffective disorder, or primary major affective disorder that
clearly preceded the onset of cognitive impairment; ECT within
the past 6 months; current or recent (past 6 months) history of al-
cohol or substance dependence (per DSM-IV criteria); clinical or
historical evidence of stroke (cortical stroke or an infarct ≥2 cm in
diameter on any magnetic resonance imaging [MRI] slice;
periventricular hyperintensities and small subcortical lacunae or
infarcts did not lead to exclusion); cognitive impairment rated as
entirely caused by concomitant medications; and the presence of
major neurologic illness (e.g., Parkinson’s disease or amyotrophic
lateral sclerosis). These inclusion and exclusion criteria defined a
relatively broad group of patients between “normal” and “with
dementia” and were similar to those used in other studies of mild
cognitive impairment (21, 22).

Procedures

At the initial evaluation, a study physician (neurologist or psy-
chiatrist) obtained a detailed medical history and conducted gen-
eral physical, neurological, and psychiatric examinations. Labo-
ratory tests included a CBC with differential and measures of
serum electrolytes, liver and renal function, thyroid function,
VDRL, serum B12 and folate levels, and an MRI scan of the brain.
A trained neuropsychology technician administered the follow-
ing tests: the WAIS-R, the Wechsler Memory Scale (23), the Selec-
tive Reminding Test (24), the Rosen Drawing Test (25), the Con-
trolled Oral Word Association Test (26), the category naming test
from the Boston Diagnostic Aphasia Evaluation (27), the Boston
Naming Test (28), the Benton Visual Retention Test (29), and the
Target Finding Test (30) (shape and letter cancellation tasks). A se-
nior neuropsychologist (Y.S.) reviewed the test results, and a diag-
nostic impression and report were completed for each patient.

A team of neurologists, psychiatrists, and neuropsychologists,
including the evaluating physician, reviewed all the available in-

formation and reached a provisional diagnosis. Subsequently,
two authors who were also expert clinical raters (D.P.D. and Y.S.)
used this information and additional data (e.g., the patient’s re-
port or behavior during testing procedures) to make independent
diagnoses, followed by a consensus research diagnosis. This con-
sensus diagnosis, made by the two raters, determined study in-
clusion or exclusion.

At annual follow-ups, a similar set of evaluations was con-
ducted. Only the information obtained from those visits was
available, from which the two raters independently made diag-
noses. If the diagnosis changed from the previous evaluation, a
review of the entire medical and research record was conducted
to confirm the change. A diagnosis of dementia was made on the
basis of DSM-IV criteria, and the diagnosis of possible or proba-
ble Alzheimer’s disease was made on the basis of criteria from the
National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders As-
sociation (31). For the diagnoses of both cognitive impairment
and dementia, the most likely etiology (or etiologies) was identi-
fied. The consensus diagnosis made by the two expert raters was
the primary outcome variable. There was diagnostic agreement in
95.5% of the cases for the two expert raters’ independent diagno-
sis of dementia versus no dementia.

At baseline evaluation, with the use of a rating on a 4-point
scale for lack of awareness of cognitive impairment (32), 16 of the
19 patients who developed Alzheimer’s disease on follow-up
scored 1 (fully aware of cognitive impairment), and three patients
scored 2 (mild lack of awareness of cognitive impairment). This
near-universal high level of awareness of cognitive impairment
was likely due to inherent bias resulting from the study group,
which comprised patients with mild cognitive impairment who
brought themselves to a memory disorders clinic for evaluation;
hence, this variable was not analyzed as a predictor of Alzheimer’s
disease at follow-up.

At initial evaluation donepezil had been taken by one patient,
vitamin E or ginkgo biloba by 10 patients, and estrogen by seven
patients. The use of these putative cognitive enhancers was ana-
lyzed as a dichotomous variable (present or absent). At follow-up
one patient had taken donepezil, three to nine patients had taken
vitamin E or ginkgo biloba, and three to eight patients had taken
estrogen at various times.

For patients with mild cognitive impairment and comparison
subjects, apolipoprotein E genotyping was conducted by means
of standard methods in which DNA was amplified by the poly-
merase chain reaction (33). Genotypes were determined while re-
searchers were blind to subject status (patient or comparison) by
the sizes of DNA fragments present and viewed and photo-
graphed under ultraviolet light after staining with 0.5 µg of ethid-
ium bromide.

Test of Olfaction

Strong psychometric properties have been demonstrated for
the University of Pennsylvania Smell Identification Test (34), a
scratch-and-sniff test that takes 10–15 minutes to administer.
Each of 40 common odorants is embedded in a microcapsule on
a separate page, and the subject has to select one of four written
multiple-choice alternatives for each odorant (total score range=
0–40). At the initial evaluation a trained research coordinator ad-
ministered the University of Pennsylvania Smell Identification
Test to patients with mild cognitive impairment and comparison
subjects, presenting stimuli to both nostrils simultaneously. The
total score obtained for each subject was used in statistical analy-
ses. In the University of Pennsylvania Smell Identification Test, in-
troductory questions requested a smoking history, and the de-
rived smoking variables (current or past smoking history) were
also evaluated.
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Statistical Analyses

Two-tailed t tests or chi-square analyses were conducted to
compare the demographic and clinical features and olfaction
scores of patients with mild cognitive impairment and normal
comparison subjects. Two-tailed t tests or chi-square analyses
were also conducted to evaluate the association between patients
with and without the follow-up diagnosis of dementia and base-
line age, sex, modified Mini-Mental State score, years of educa-
tion, and olfaction scores. The initial question on the University
of Pennsylvania Smell Identification Test states, “Do you suffer
from smell problems?” Possible answers are “yes” or “no.” Pa-
tients with mild cognitive impairment who had low baseline ol-
faction scores (≤34; cutoff point was the median score of patients
with mild cognitive impairment who did not develop Alzheimer’s
disease by follow-up) accompanied by the report of no problems
smelling were classified into one group and the remainder of the
patients made up the other group. This dichotomous classifica-
tion variable, “low olfaction plus lack of awareness,” was analyzed
in addition to total olfaction score on the University of Pennsylva-
nia Smell Identification Test.

Because of varying lengths of follow-up, survival analysis was
the main statistical method employed. A Kaplan-Meier nonpara-
metric survival function was calculated. A global test for propor-
tions was used to check the assumptions of the Cox proportional
hazards model, which was used to assess the relative risk of inci-
dent Alzheimer’s disease. The timing variable was the time from
the initial visit to the first follow-up, during which a diagnosis of
Alzheimer’s disease was made. In addition to the two olfaction
measures, age, sex, modified Mini-Mental State score, and years
of education were included as variables in these analyses. The
choice of these covariates was on based on their association with
the outcome of Alzheimer’s disease in this clinical group, which
was consistent with the literature (21, 22). To evaluate prediction
of Alzheimer’s disease in the intermediate term, logistic regres-
sion analyses were conducted with the same covariates after re-
stricting the group with mild cognitive impairment to patients
who had completed the 2-year follow-up (or developed Alzhei-
mer’s disease before that time); the binary outcome was the indi-
cation of developing Alzheimer’s disease within 2 years of the
baseline evaluation. Sensitivity and specificity for the follow-up
diagnosis of Alzheimer’s disease were calculated for both low ol-
faction and the low olfaction plus lack of awareness variable
across a range of scores (27–37) on the University of Pennsylvania
Smell Identification Test for the group followed up at 2 years.

Results

Baseline Demographic and Clinical Features

The study clinical group comprised 90 patients with
mild cognitive impairment (47 women, 52.2%) and 45 nor-
mal comparison subjects (24 women, 53.3%). At the initial
evaluation patients with mild cognitive impairment had a
mean age of 66.7 years (SD=10.7) and a mean of 15.0 years
of education (SD=3.9). For normal comparison subjects,
the mean age was 64.0 years (SD=10.0), and the mean
number of years of education was 15.6 (SD=2.6). The
mean modified Mini-Mental State score (range=0–57) was
significantly lower in patients (mean=51.3, SD=4.4) than
in comparison subjects (mean 55.0, SD=1.5) (t=4.9, df=
133, p<0.001), as was the mean Mini-Mental State score
(patients: 27.4, SD=2.1; comparison subjects: 29.4, SD=
0.8) (t=4.5, df=133, p<0.001). In the 90 patients with mild
cognitive impairment, the clinical dementia rating was 0

(no dementia) in 38.9% (N=35) and 0.5 (questionable de-
mentia) in 61.1% (N=55).

Olfaction at Initial Evaluation

The mean baseline olfaction total score was significantly
lower in patients with mild cognitive impairment (31.0,
SD=7.4) than in normal comparison subjects (35.2, SD=
3.9) (t=3.6, df=133, p<0.001). In patients, baseline olfaction
scores correlated inversely with age (Pearson’s r=–0.44, df=
88, p<0.001), positively with baseline modified Mini-Men-
tal State score (r=0.37, df=88, p<0.001), and positively with
years of education (r=0.27, df=88, p<0.02) but not with sex,
duration of cognitive impairment, score on the Blessed
Functional Activity Scale (35), or current or past smoking
history. In normal comparison subjects, the mean baseline
olfaction score showed no significant associations with
age, sex, years of education, current or past smoking his-
tory, or modified Mini-Mental State score.

Follow-Up Evaluation

In the 77 patients with mild cognitive impairment who
were followed up (13 recently recruited patients had not
yet returned for follow-up), the mean duration of follow-
up was 20 months (SD=12). Of these 77 patients, all 19 who
met the consensus diagnostic criteria for dementia also
met the criteria for probable Alzheimer’s disease (31). The
patients who used putative cognitive enhancers were not
significantly less likely to develop Alzheimer’s disease than
the remainder of the clinical group.

Prediction of Alzheimer’s Disease at Follow-Up

Women were more likely than men to receive a final di-
agnosis of Alzheimer’s disease (χ2=4.8, df=1, p<0.05). Age
(t=3.2, df=75, p<0.01), fewer years of education (t=2.4, df=
75, p<0.05), low baseline modified Mini-Mental State
scores (t=3.1, df=75, p<0.01), and low baseline olfaction
scores (t=3.4, df=75, p<0.001) were each associated with
the diagnosis of Alzheimer’s disease at follow-up. Family
history of dementia and baseline scores on the Blessed
Functional Activity Scale and the 17-item Hamilton De-
pression Rating Scale were not associated with a final di-
agnosis of Alzheimer’s disease. Sixteen of 64 patients who
reported no problems smelling, compared to three of 13
patients who reported problems smelling, had developed
Alzheimer’s disease by follow-up (n.s.).

Low olfaction scores (≤34) predicted the diagnosis of
Alzheimer’s disease at follow-up (19 of 47 with low olfac-
tion scores developed Alzheimer’s disease compared to
zero of 30 with high olfaction scores) (χ2=16.1, df=1,
p<0.001); all 19 patients with mild cognitive impairment
who developed Alzheimer’s disease had low olfaction
scores. Low olfaction scores accompanied by subjective
report of no problems smelling were present in 16 of 19
patients who met the criteria for Alzheimer’s disease at fol-
low-up compared to 21 of 58 who did not meet (or had not
yet met) the criteria for Alzheimer’s disease at follow-up
(χ2=13.2, df=1, p<0.001). When we examined cutoff points
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for “low olfaction score” across the 30–36 (≤30 to ≤36)
scoring range, low olfaction plus lack of awareness re-
mained a significant predictor of Alzheimer’s disease (χ2=
8.9–13.2, df=1, p<0.01–0.001). Fourteen of 19 who devel-
oped Alzheimer’s disease had low olfaction plus lack of
awareness at a cutoff point of ≤33, 16 of 19 who developed
Alzheimer’s disease had low olfaction plus lack of aware-
ness at a cutoff point of ≤35 (or ≤34; cutoff used in the
analyses), and 16 of 19 who developed Alzheimer’s disease
had low olfaction plus lack of awareness at a cutoff point
of ≤36. Among patients with mild cognitive impairment,
only three (3.9%) of 77 reported problems smelling but
scored ≥35 on the olfaction test.

The Kaplan-Meier survival curve for patients with low
olfaction plus lack of awareness, compared to that for the
remainder of the patient group, is presented in Figure 1. In
a Cox proportional hazards model, olfaction scores alone
predicted time to develop Alzheimer’s disease (χ2=8.8, df=
1, p<0.005), but subjective reports of problems smelling
analyzed alone were not predictive of Alzheimer’s disease.
In Cox analyses, low olfaction scores (or olfaction scores
dichotomized as ≤34 versus >34) were not significantly
predictive when age (n.s.), sex (n.s.), modified Mini-Men-
tal State score (n.s.), and years of education (n.s.) were en-
tered into the same model. Low olfaction plus lack of
awareness was a significant predictor (relative risk=7.3,
95% confidence interval [CI]=1.7–23.1, p<0.01) of time to
develop Alzheimer’s disease when age (n.s.), sex (n.s.),
modified Mini-Mental State score (n.s.), and years of edu-
cation (n.s.) were also included in the Cox model. This ef-
fect remained when, instead of modified Mini-Mental
State score, the attention (Target Finding Test letter can-
cellation task) or memory (Selective Reminding Test total
recall task) measures were included in this model with low
olfaction plus lack of awareness (attention: relative risk=
10.7, 95% CI=2.5–41.0, p<0.005; and memory: relative

risk=4.7, 95% CI=1.2–18.2, p<0.05). Low olfaction plus lack
of awareness remained a significant predictor of time until
the development of Alzheimer’s disease (relative risk=7.3,
95% CI=1.8–42.7, p<0.01), even after entering age (n.s.),
sex (n.s.), and all three neuropsychological measures
(modified Mini-Mental State score [n.s.], attention mea-
sure [p<0.02], and memory measure [n.s.]) into the same
Cox model.

For each olfaction score in the 31–36 range, the low ol-
faction plus lack of awareness variable remained a signifi-
cant predictor of time to develop Alzheimer’s disease in
Cox analyses that included age, sex, years of education,
and modified Mini-Mental State score as covariates. For
an olfaction score of ≤30, the values for low olfaction plus
lack of awareness were not significant.

Additional Cox analyses were conducted separately in
the subgroup with high baseline Mini-Mental State scores
(≥27 of 30, N=52); low olfaction plus lack of awareness re-
mained a significant predictor of time until the develop-
ment of Alzheimer’s disease (relative risk=10.8, 95% CI=
1.1–105.0, p<0.05) when age, sex, years of education, and
baseline Mini-Mental State score were included in the
model. In this subgroup with high scores on the Mini-
Mental State, eight of nine patients who met the criteria
for Alzheimer’s disease had baseline low olfaction plus
lack of awareness ratings compared to 15 of 43 who did not
meet (or had not yet met) the criteria for Alzheimer’s
disease (χ2=8.8, df=1, p<0.01). The nine patients with high
Mini-Mental State scores who were diagnosed with Alz-
heimer’s disease at the 2-year follow-up had significantly
lower baseline olfaction scores (mean=27.1, SD=5.9) than
the 43 patients who were not diagnosed with Alzheimer’s
disease at the 2-year follow-up (mean=34.1, SD=4.6) (t=
3.8, df=51, p<0.001).

To evaluate clinically relevant prediction in the interme-
diate term, further analyses were conducted by restricting
the clinical group with mild cognitive impairment to the
patients who had completed 2 years of follow-up (N=36)
or had already developed Alzheimer’s disease by 2 years
(N=4). In this subsample of 40 patients with mild cognitive
impairment (18 who had and 22 who had not developed
Alzheimer’s disease), baseline olfaction scores were lower
in those who had developed Alzheimer’s disease (mean=
26.3, SD=7.7) than in those who had not (mean=31.5, SD=
7.4) (t=2.1, df=38, p<0.05). Fifteen of 18 patients who met
the criteria for Alzheimer’s disease at the 2-year follow-up
had low olfaction plus lack of awareness at baseline com-
pared to nine of 22 who had not met (or have not yet met)
the criteria for Alzheimer’s disease (χ2=7.4, df=1, p<0.01).
In survival analyses that evaluated the outcome of Alzhe-
imer’s disease at the 2-year follow-up, low baseline olfac-
tion scores (or olfaction scores dichotomized as ≤34 versus
>34) did not predict Alzheimer’s disease when age, sex,
modified Mini-Mental State score, and years of education
were also included in the model. However, low olfaction
plus lack of awareness at baseline was a significant predic-

FIGURE 1. Kaplan-Meier Survival Curve of Probability of
Developing Alzheimer’s Disease Over 4 Years in Subjects
With Mild Cognitive Impairment at Baseline, by Presence
or Absence of Baseline Olfactory Deficit Plus Lack of
Awareness of Deficit
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tor of Alzheimer’s disease (relative risk=6.4, 95% CI=1.5–
26.8, p<0.01) when age, sex, modified Mini-Mental State
score, and years of education were also included in the
model. Similarly, for patients who had completed the 2-
year follow-up, logistic regression analyses revealed that
low olfaction plus lack of awareness at baseline was a sig-
nificant predictor of Alzheimer’s disease (odds ratio=13.1,
95% CI=1.6–116.0, p<0.05) when age, sex, modified Mini-
Mental State score, and years of education were also in-
cluded in the model.

For this subgroup followed up at 2 years, baseline olfac-
tion total scores of ≤34 led to 100% sensitivity and 45.5%
specificity for the diagnosis of Alzheimer’s disease, includ-
ing a progressive decrease in sensitivity and an increase in
specificity with lower olfaction scores (Table 1). Compara-
ble figures were obtained for the low olfaction plus lack of
awareness variable by using a wide range of cutoff points
for “low olfaction score” (Table 1). For both olfaction vari-
ables, the optimal tradeoff between sensitivity and speci-
ficity appeared to be in the 30–35 scoring range.

The apolipoprotein E genotype was evaluated in 77 pa-
tients with mild cognitive impairment. Only 11 (14.3%) of
the 77 patients with mild cognitive impairment had the
apolipoprotein E ε4 allele (hetero- or homozygous), and
four of these 11 patients had developed Alzheimer’s dis-
ease. There was no association between the presence of
the ε4 allele and either of the olfaction measures or the
outcome of Alzheimer’s disease, but the small number of
patients with the ε4 allele precluded meaningful statistical
analyses.

Discussion

In this clinical group of patients with mild cognitive im-
pairment, low olfactory identification test scores at base-
line predicted the diagnosis of Alzheimer’s disease at fol-
low-up. Subjective reports of no problems smelling were
not predictive of the development of Alzheimer’s disease
because most patients who reported no problems smell-
ing actually scored well (≥35 of 40) on the olfaction test
(like most of the general population). However, 16 of 19
patients who reported no problems smelling yet scored
low on the olfaction test had developed Alzheimer’s dis-
ease by the 2-year follow-up. This effect remained signifi-
cant in Cox survival analyses after controlling for age, sex,
years of education, and cognitive scores (on the modified
Mini-Mental State and attention or memory measures),
indicating that the results could not be explained by lack
of attention or poor memory. Similar findings were ob-
tained by using logistic regression analyses for the sub-
group followed up at 2 years. Although low olfaction score
alone predicted time to develop Alzheimer’s disease, it did
not predict time to develop Alzheimer’s disease in Cox
analyses that controlled for age, sex, years of education,
and modified Mini-Mental State score, indicating overlap-
ping variance in prediction (baseline olfaction score cor-

related significantly with age [inverse], education, and
modified Mini-Mental State score). The results suggest
that low olfaction plus lack of awareness may not have the
same degree of overlapping variance with these demo-
graphic and clinical factors and, hence, may contribute
uniquely to the prediction of time to develop Alzheimer’s
disease.

In patients with high baseline scores on the Mini-Men-
tal State (≥27 of 30), low olfaction plus lack of awareness
remained a significant predictor of Alzheimer’s disease in
Cox analyses that controlled for demographic and clinical
factors. This suggests the possible predictive utility of ol-
factory deficits in patients with minimal cognitive deficits,
who are often difficult to diagnose and in whom prognosis
is unclear. For the 2-year prediction of Alzheimer’s disease,
both the low olfaction and low olfaction plus lack of
awareness variables showed high sensitivity for scores of
≤35, with high specificity for scores of ≤30. Scores above or
below the 30–35 range led to relatively low sensitivity or
specificity (Table 1), suggesting that University of Pennsyl-
vania Smell Identification Test scores in the 30–35 range
may be useful in patients with mild cognitive impairment
as a potential predictor of Alzheimer’s disease. In cross-
sectional studies that compared patients with Alzheimer’s
disease to comparison subjects and first-degree relatives
of Alzheimer’s patients to comparison subjects, cutoff
scores of 27 and 30 on the University of Pennsylvania
Smell Identification Test showed the best discrimination,
respectively (7, 9). Olfaction scores are known to decrease
with increasing severity of the disease (7), so it is not sur-
prising that the cutoff scores for the University of Pennsyl-
vania Smell Identification Test showing the best predic-
tion of Alzheimer’s disease in our study of mild cognitive

TABLE 1. Sensitivity and Specificity of Olfaction and Olfac-
tion Plus Lack of Awareness of Olfactory Deficit in Predict-
ing Alzheimer’s Disease at 2-Year Follow-Upa in 40 Patients
With Mild Baseline Cognitive Impairmentb

Cutoff for 
Olfaction Score 
(range=0–40)

Baseline Olfaction 
Score

Olfaction Score Plus 
Lack of Awareness
of Olfactory Deficit

Sensitivity 
(%)

Specificity 
(%)

Sensitivity 
(%)

Specificity 
(%)

<27 44.4 81.8 27.8 86.4
<28 44.4 81.8 27.8 86.4
<29 44.4 77.3 27.8 81.8
<30 55.6 77.3 38.9 81.8
<31 55.6 72.7 38.9 81.8
<32 61.1 68.2 44.4 77.2
<33 77.8 59.1 61.1 72.7
<34 88.9 50.0 72.2 63.6
<35 100.0 45.5 83.3 59.1
<36 100.0 36.4 83.3 54.5
<37 100.0 18.1 83.3 36.4
a Four patients had not yet been followed up for the full 2 years but

had already developed Alzheimer’s disease.
b Olfaction was measured with the University of Pennsylvania Smell

Identification Test. The test’s first question, “Do you suffer from
smell problems?,” was used to determine awareness of olfactory
problems. Subjects who answered “no” and had olfaction scores
≤34 were considered to lack awareness of the olfactory deficit.
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impairment were higher than those in studies of patients
with Alzheimer’s disease.

In our study group, sample data were used to derive the
optimal cutoff scores (≤34), as was done in studies of pa-
tients with Alzheimer’s disease (7, 9). Given this limitation
and the paucity of other data on the use of the University
of Pennsylvania Smell Identification Test in predicting
Alzheimer’s disease in patients with mild cognitive im-
pairment, our findings require independent replication
before specific cutoff scores on the University of Pennsyl-
vania Smell Identification Test can be recommended for
use in clinical practice. Also, linking low olfaction scores
with the symptom of lack of awareness of the olfactory
deficit to create a dichotomous variable has not been done
before, to our knowledge, in studies of mild cognitive im-
pairment or Alzheimer’s disease, further emphasizing the
need for independent replication.

One consequence of the follow-up being limited to date
is that these analyses absorb considerable error because
many current patients with mild cognitive impairment
but without Alzheimer’s disease at the 2-year follow-up
will develop Alzheimer’s disease after longer follow-up in-
tervals. The use of survival analyses only partly addressed
this limitation, which precludes being definitive about the
prediction of long-term outcomes. Another limitation of
the study was the use of a single “yes” or “no” item for sub-
jective reports of problems smelling. Future research
should evaluate in greater depth this subjective symptom,
which, to our knowledge, has not previously been evalu-
ated in patients with mild cognitive impairment.

We found that patients with mild cognitive impairment
scored lower than matched normal comparison subjects
on the University of Pennsylvania Smell Identification
Test. This result is consistent with findings from other
studies that compared patients with mild cognitive im-
pairment (5) and patients in the early stages of Alzheimer’s
disease (2–4) to normal comparison subjects. The findings
with the low olfaction plus lack of awareness variable are
also consistent with results from a study that reported lack
of awareness of loss of smell in 74% of the patients with
Alzheimer’s disease compared to only 8% of the patients
with sinusitis (36). Other studies have shown that unlike
olfaction deficits, deficits in other sensory modalities, in-
cluding taste, do not distinguish patients with Alzheimer’s
disease from normal comparison subjects (3, 5).

From a theoretical perspective, lack of awareness of the
olfactory deficit can be considered a type of anosognosia.
In the patients with mild cognitive impairment who sub-
sequently met the criteria for Alzheimer’s disease, anosog-
nosia was in the domain of lack of awareness of the olfac-
tory deficit and not in the domain of lack of awareness of
the cognitive deficit; the latter was a likely artifact of the
fact that this was a clinical group with mild cognitive im-
pairment that was evaluated for cognitive complaints.
Anosognosia, broadly defined, is thought to be mediated
primarily by the parietal lobe (37), although the frontal

lobe may also be involved (38). In Anton’s syndrome, un-
awareness of the visual deficit is due to damage to the vi-
sual association cortex, which is in close proximity to the
primary visual cortex (39). Using this analogy, we specu-
late that awareness of the loss of the sense of smell, for
which the brain center remains unidentified, may be lo-
calized to medial-temporal lobe structures that are known
to be affected early in Alzheimer’s disease and are associ-
ated with olfactory detection deficits (10). This could ex-
plain why low olfaction scores accompanied by a lack of
awareness of the olfactory deficit in patients with mild
cognitive impairment strongly predicted Alzheimer’s dis-
ease at follow-up.

In patients with Alzheimer’s disease, both a sensory def-
icit and a higher-level deficit in the cortical perception and
integration of an olfactory stimulus may occur (10). The
findings of deficits in both olfactory detection and the
awareness of olfactory deficits suggest that deficits at both
the sensory level and the level of higher-order processing
for olfaction occur at the stage of mild cognitive impair-
ment in patients who eventually meet the clinical diag-
nostic criteria for Alzheimer’s disease. The strength of our
findings suggests potential clinical utility for olfactory def-
icits, particularly the variable for low olfaction plus lack of
awareness, as an early diagnostic marker of Alzheimer’s
disease. Longer follow-up periods and independent repli-
cation in larger clinical groups are needed to establish
clinical utility.
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