The present study extended previous work on ol-
factory dysfunction (odor identification deficits)
by using the Pocket Smell Test (PST) to discrimi-
nate between groups of patients with Alzheimer’s
disease (AD), vascular dementia (VaD), and ma-
jor depression (MD). Sixty patients meeting the
DSM-1V criteria for either AD, VaD, or MD (20
per group) underwent assessment with the PST, a
three-item screening measure of odor identifica-
tion, and the Mini-Mental State Examination
(MMSE). Patients with AD scored significantly
lower than patients with either VaD or MD on
the PST, even after controlling for MMSE scores.
A PST score of =1 (i.e., 1 or O correct) discrimi-
nated between patients with and without AD
with a classification accuracy of 95% (sensitivity
100%, specificity 92.5%). Olfactory assessment
may be of diagnostic utility in the differential di-
agnosis of AD versus VaD versus MD in elderly
patients.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2002; 14:197-201)
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Olfactory dysfunction in general, and impaired odor
identification in particular, have been noted in a
number of neuropsychiatric conditions, including Alz-
heimer’s disease (AD),"® Parkinson’s disease (PD),%”
Huntington’s disease,*” Korsakoff's amnestic syn-
drome,'® human immunodeficiency virus (HIV) infec-
tion,'! amyotrophic lateral sclerosis,'> motor neuron dis-
ease,”” schizophrenia,® and advanced anorexia.'*
Olfaction, however, has been shown to remain relatively
intact in healthy younger adults' as well as depressed
adults ' and older adults.” Recently, the assessment of
olfactory functioning has been used to discriminate be-
tween patient and nonpatient groups. For example, in-
vestigators have reported odor identification differences
between AD patients and elderly nondemented control
subjects,' and these differences may prove clinically
useful at the level of differential diagnosis.

Solomon et al.” used a screening measure of odor
identification, the Pocket Smell Test (PST),'® to discrim-
inate between elderly patients with AD and major de-
pression (MD). The PST, which is derived from the Uni-
versity of Pennsylvania Smell Identification Test,'” was
administered to a group of patients with AD and a
group of patients with MD. On this three-item test, a
cutoff score of two or more errors correctly classified
90% of the sample, with the AD patients being more
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impaired than the depressed patients. Despite the clin-
ically significant and diagnostically useful findings of
this study, the authors noted two limitations. First, there
was no assessment of the subjects’ cognitive function-
ing, and second, the effects of demographic variables
(e.g., age, education, gender) were not fully examined.

In an attempt to cross-validate and extend the previ-
ous work, McCaffrey et al.*® administered the PST and
a cognitive screening measure, the Mini-Mental State
Examination (MMSE), to a group of patients with AD
and a group of patients with MD. Additionally, the ef-
fects of age, gender, and education on the PST and
MMSE in both groups were assessed. Results were simi-
lar to previous findings: AD patients scored significantly
below MD patients, and the PST discriminated between
the two groups with a classification accuracy of 97.5%
(better than the MMSE’s accuracy of 90%). Unlike the
MMSE, the PST did not correlate significantly with any
of the demographic variables in either of the groups.
Although the discrimination between AD and MD in
older adults may prove useful for the differential diag-
nosis of these conditions, additional comparisons (e.g.,
between different types of dementias) are still needed.

To our knowledge, Knupfer and Spiegel®! conducted
the only comparison of the effect of different types of
dementia on olfactory functioning. A series of experi-
mental olfactory tests (e.g., olfactory thresholds, smell
recognition, naming of smells) was used to compare
healthy elderly control subjects with vascular dementia
(VaD) patients and patients with AD. The AD patients
scored significantly worse on these measures than the
VaD patients, who scored below the elderly control sub-
jects. Although this study supports the use of olfactory
assessment in the differential diagnosis of AD versus
VaD, its use of nonstandardized measures, which may
be unavailable or impractical for clinicians, calls into
question its clinical usefulness. The present study was
conducted to build on our previous work with the PST,
which is available and practical, in discriminating be-
tween elderly patients with AD, VaD, or MD.

METHODS

Patients were 55 years of age or older, met DSM-IV*
criteria for a diagnosis of AD, VaD, or MD, and gave
informed consent. Diagnoses had been established by
board-certified (adult and/or geriatric) psychiatrists,
neurologists, or neuropsychologists who had the op-
portunity to follow these patients longitudinally. Pa-
tients were excluded if they had a history of neurologic,
psychiatric, or medical disorder that could affect olfac-
tion adversely (e.g., traumatic brain injury, schizophre-
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nia, PD, HIV-positive status, upper respiratory illness).
Demographic characteristics of the patient groups are
presented in Table 1. Patients were also questioned
about their smoking status and any recent change in
their sense of smell. The presence/absence of current
anticholinergic medication use was noted.

All patients were evaluated with PST and the Mini-
Mental State Examination.” The PST is a three-item mi-
croencapsulated “scratch and sniff” measure. On each
item, the examiner releases an odor by scratching the
encapsulated odor patch with a pencil; the patient then
smells the odor and chooses one of the four response
alternatives (one correct response and three distractors).
In an effort to minimize the impact of other sensory or
cognitive deficits (e.g., visual acuity or verbal memory
impairment), the response alternatives were read to the
patient continuously until a response was made. Pa-
tients were encouraged to guess if they were not sure.
Correct responses are lemon, lilac, and smoke. The
MMSE is a widely used screening measure of cognitive
functioning that taps orientation, attention, short-term
memory, language, and visuocontruction abilities. With
a maximum score of 30 and an “impairment” cutoff
score of approximately 23, the MMSE has been shown
to be sensitive to the cognitive deficits in AD.

RESULTS

Descriptive statistics for the PST and MMSE are pre-
sented in Table 1. The distribution of PST and MMSE
scores is presented in Table 2. The three groups did not
significantly differ on age, gender, education, smoker
status, subjective reporting of smell changes, or per-
centage taking anticholinergic medications. Because all
three groups did differ on their performance on the
MMSE (F=18.19, df=2,57, P<0.001), these scores were
used as a covariate in the analyses of the PST scores.
Analyses of covariance revealed that the AD patients
scored significantly below the VaD and MD patients on
the PST (F=55.89, df=2,56, P<0.001).

Based on a PST cutoff score of one or fewer (zero)
correct items,”? sensitivity was 100%, specificity was
92.5%, and overall classification accuracy was 95%. This
=1 correct cutoff score yielded no false positives or neg-
atives in the AD group and 3 false positives in the non-
AD groups (i.e., 3 VaD cases classified as AD). The re-
maining cutoff scores yielded less optimal hit rates.

Whereas none of the demographic variables (age, gen-
der, education) significantly correlated with the PST for
any of the groups, education significantly correlated
with the MMSE for both AD patients (r=0.68, df =20,
P<0.01) and VaD patients (r=0.59, df=20, P<0.01).
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Within the VaD group, the PST correlated with patients’
reports of changes in their sense of smell (r=0.65,
df=20, P<0.01) and the MMSE correlated with patients’
smoking status (r=0.53, df =20, P<<0.05). Within the AD
group, the PST correlated with patients” anticholinergic
medication status (r=-0.47, df =20, P<<0.01). No other
significant correlations were observed.

DISCUSSION

The results of the present study are similar to previous
findings>* in supporting the use of the PST as a screen-
ing tool in differentiating between elderly patients with
AD and those with MD. Additionally, the PST discrim-
inates between patients with AD and those with VaD.
As in earlier works,'™ significant deficits in olfaction
were observed in the AD group but not in the major
depression group. The present study also observed find-
ings similar to those reported by Knupfer and Spiegel,*’
in that AD patients performed worse than VaD patients
on measures of olfactory functioning.

Odor identification testing may be sensitive to AD be-
cause of early neurofibrillary tangles in the entorhinal
cortex,”** B-amyloid deposits in the olfactory bulb re-
gions,26 or reduced numbers of mitral cells in the olfac-
tory bulb.?’ Pathological functioning of “upstream”
structures (e.g., nasal epithelium) are not specific to AD
patients,”** and “downstream” areas (e.g., mesial tem-
poral lobe) are only beginning to receive attention for
their role in impaired olfaction.’® Conversely, there is no
current neuropathological evidence to suggest that the
entorhinal cortex or other olfactory system components
would be affected in MD. Although the entorhinal cor-
tex or other parts of the olfactory system theoretically
could be affected in VaD, they are not consistent sites
for vascular damage.

The present study also replicates the findings of Sol-
omon et al.” and McCaffrey et al.? in that a cutoff score
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of two or more errors on the PST yielded the optimal
classification rate, correctly classifying 100% of the AD
and depressed subjects. Such a finding, however, does
not support the use of the PST as the sole indicator in
the differential diagnosis of AD vs. VaD vs. MD. Rather,
it does support the use of the PST as a screening measure
that may augment a clinician’s assessment and test bat-
tery if such differential diagnosis questions arise. Un-
fortunately, little research has been reported indicating
the value of olfactory screening for such differential di-
agnosis purposes. For example, a recent review of the
differential diagnosis between AD, VaD, and MD (as
well as other types of dementias) in the elderly reported
the differences between these groups across several neu-
ropsychological domains (e.g.,, memory, language,
visuospatial abilities); however, information concerning
the differences between these groups in odor identifi-
cation was neglected.”!

Results were consistent with prior research®® in that
the effects of age, gender, and education showed mini-
mal impact on the PST for all three patient groups, yield-
ing no statistically significant correlations. The findings
suggest that these demographic variables do not sys-
tematically affect PST performance. Significant correla-
tions were noted, however, between education and
MMSE scores in the AD and VaD groups. These corre-
lations indicate that education accounted for approxi-
mately 35% to 46% of the variance in MMSE scores for
the AD and VaD groups. Therefore, interpretations of
MMSE scores are not as straightforward as interpreta-
tions of PST scores with these patient groups.

The potential impact of medication and smoking on
odor identification skills has been addressed in various
patient populations, but with few definitive findings.
Whereas the majority of studies have found no relation-
ship between medication usage and odor identification
in various patient groups (e.g., AD,”*> nondemented el-
derly,® schizophrenia®*), Gross-Isseroff et al.*® found im-
proved olfactory sensitivity (not odor identification)

TABLE 1. Patient characteristics and scores on the Pocket Smell Test (PST) and Mini-Mental State Examination (MMSE)

Characteristic Alzheimer’s Vascular Depressed
n 20 20 20
Age, years, mean = SD 73.85+8.86 74.40+6.48 71.40+5.40
Female/male 14/6 15/5 12/8
Education, years, mean +SD 11.80 £3.66 12.74+4.77 14.50 £3.50
Olfactory complaints 10% 5% 15%
PST, number correct, mean = SD 0.40+0.50 2.45+0.89 2.70+0.47
Lemon, cumulative correct 3 16 18
Lilac, cumulative correct 3 16 19
Smoke, cumulative correct 2 17 17
MMSE, total points, mean=SD 20.05+6.18 23.10+4.98 28.80+1.44
Smokers, number yes 2 3 0
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in depressed patients after 6 weeks of antidepressant
pharmacotherapy. In the current study, of the three
groups, only the AD group showed a significant relation-
ship between medication usage and PST scores, in that
lower PST scores were related to less anticholinergic med-
ication use. This unexpected finding may arise from the
medication variable’s having been dichotomized (yes /
no) rather than viewed continuously (e.g., dosage of
medications). No significant relationships were ob-
served between patients’ smoking status and PST
scores in any of the groups, consistent with previous
work.>!#3¢ Future studies should include smoking
and medication variables (e.g., dosages of medications,
other non-anticholinergic medications) to further as-
sess these possible multivariate relationships.

As noted in Solomon et al.” and McCaffrey et al.,* only
10% of the total sample in the present study reported any
awareness of olfactory decline. Olfactory testing (PST),
however, indicated objective evidence of odor identifi-
cation deficits (i.e., PST score of <2 correct) in 100% of
the AD patients, 15% of the VaD patients, and 0% of the
depressed patients. Across groups, AD patients tended
to show the poorest insight into their olfactory function-
ing. Only 10% of AD patients reported olfactory func-
tioning consistent with objective testing results, com-
pared with 90% of VaD and 85% of MD patients. As
concluded in prior studies, patient report of olfactory
change may be unreliable, and formal testing is war-
ranted.

Although building on the works of Solomon et al.”
and McCaffrey et al.,* the present study has a number
of other limitations that should be noted. First, the cog-
nitive evaluation of the patients used in the study was
limited to a screening device (MMSE). A more thorough
neuropsychological evaluation would have better char-
acterized the status of each group as to level of impair-
ments. Neuropsychological testing might also have
yielded more impressive diagnostic accuracy. Similarly,
the PST is a screening measure, and a more thorough

1‘,20

TABLE 2. Distribution of scores for Pocket Smell Test (PST) and
Mini-Mental State Examination (MMSE)

Measure Alzheimer’s  Vascular  Depressed

PST score (total correct
out of 3)
0
1
2
3
MMSE score (total points)
<10
11-15
16-20
21-25
26-30
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olfactory assessment (e.g., UPSIT, olfactory threshold, ol-
factory memory testing) might have led to better classi-
fication accuracy. A second shortcoming was the lack of
a more objective quantification of the VaD and MD
groups. For example, Hachinski ratings or Hamilton Rat-
ing Scale for Depression scores would have been useful
for the vascular dementia and major depression groups,
respectively. Future studies should more clearly define
groups by using such measures. Again, we must empha-
size that all patients in the AD group are cases of Probable
AD; neuroradiological evidence (e.g., positron emission
tomography) and neuropathological confirmation (e.g.,
autopsy results) is lacking. Any misdiagnoses could cer-
tainly alter the results of this study. Finally, whereas the
present study explored the relationship between olfac-
tory and cognitive functioning, comparisons of the PST
with other types of functioning that are also impaired in
AD patients could be of additional value to the clinician.
For example, mood, activities of daily living, and physi-
cal functioning and their relationship to olfactory capac-
ities may further empirically discriminate AD groups
from non-AD groups.

It should be noted that despite these encouraging re-
sults, the PST has not yet faced the experimental chal-
lenge of discriminating previously undiagnosed clinical
cases (e.g., cases of depressive pseudodementia, Lewy
body disease, or dementia of mixed etiology). In this
study and in previous research,>® the PST has been
used to differentiate well-established cases of AD, VaD,
and MD. Our procedure, however, follows the standard
for developing a diagnostic test in medicine, which is to
see how well the test discriminates between clear-cut
instances of potentially similar/different conditions.
This study supports the potential utility of the PST. The
next step would be to test the PST with clinical cases
presenting with mixed affective and cognitive symp-
toms, as well as with various types of dementia, by com-
paring them with the findings of the established cases
in the present study. Similarly, future studies might fol-
low patients longitudinally to assess PST performance
in the different groups over time.

The results of the present study provide neuropsy-
chologists, neuropsychiatrists, neurologists, and pri-
mary care physicians with a helpful diagnostic indicator
in the differential diagnosis of Alzheimer’s disease ver-
sus vascular dementia versus major depression. The PST
is a brief, portable, and user-friendly screening measure
that has been used successfully to discriminate between
these three groups, which often present with similar
clinical pictures. PST performance has direct implica-
tions for safety, independent functioning, and quality of
life. Interpretation of PST scores appears straightfor-
ward, since the impact of age, gender, and education are
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negligible for these patient groups. The assessment of
olfactory functioning continues to provide valuable in-
formation for the clinician in the differential diagnosis
of AD versus VaD versus MD and in the delineation of
subsequent treatment interventions.

DUFF et al.
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