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The present study was conducted to cross-validate
and extend the hypothesis that olfactory dysfunc-
tion could discriminate between groups of patients
with Alzheimer’s disease and major depression.
Forty patients meeting the DSM-IV criteria for
either Alzheimer’s disease or major depression (20
per group) underwent assessment with the Pocket
Smell Test (PST), a three-item screening measure
of odor identification, and the Mini-Mental State
Examination (MMSE). A PST score of #1 (1 or
0 correct) discriminated between the groups with
a hit rate of 97.5% (sensitivity495%, specific-
ity4100%). The optimal hit rate for the MMSE
(#24) was less effective (hit rate490%, sensitiv-
ity480%, specificity4100%). Age, gender, and
education had minimal impact on the PST for
both groups. Olfactory assessment continues to
add to the diagnostic utility in the differential di-
agnosis of Alzheimer’s disease versus major de-
pression in elderly patients.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2000; 12:29–33)

The loss of sense of smell is an often-underutilized
indicator of brain pathology. Olfactory dysfunction,

for example, has been noted in a number of neuropsy-
chiatric conditions, including Alzheimer’s disease
(AD),1–5 Parkinson’s disease,6 human immunodefi-
ciency virus–type 1 (HIV),7 motor neuron disease,8

schizophrenia,4 and advanced anorexia.9 With the ex-
ception of one study,10 it has been reported that both
healthy2,4,5 and depressed adults11,12,13 and elders3 ex-
hibit intact odor identification skills. Recently, the as-
sessment of olfactory functioning has been used to dis-
criminate between patient and nonpatient samples. For
example, a number of investigators have reported odor
identification differences in AD patients and elderly
control subjects,2,4,5 and these differences may prove
useful at the diagnostic level. Of potential diagnostic
utility for neuropsychiatrists and neuropsychologists
would be a comparison between elderly patients with
AD and elderly patients with major depression.

In the only investigation of this particular comparison
to date, Solomon et al.3 administered the Pocket Smell
Test (PST), a screening measure of odor identification
derived from the University of Pennsylvania Smell
Identification Test14 (UPSIT), to a group of patients with
AD and a group of patients with major depression. On
this three-item test, a cutoff score of two or more errors
correctly classified 90% of the sample, with the AD pa-
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TABLE 1. Patient characteristics and scores on the Pocket Smell
Test (PST) and Mini-Mental State Examination
(MMSE)

Characteristic
Alzheimer’s

(n$20)
Depressed

(n$20)

Age, years 74.1557.86 67.5557.29
Female/male 13/7 11/9
Education, years 13.3553.60 13.9053.54
Olfactory complaints 10% 20%
PST, number correct 0.4550.60 2.8050.41

Lemon, cumulative correct 3 19
Lilac, cumulative correct 3 18
Smoke, cumulative correct 3 19

MMSE, total points 20.8555.22 28.6051.54
Smokers, number yes 3 1

Note: Values are mean5SD unless otherwise noted.

tients being more impaired than the depressed patients.
Despite the clinically significant and diagnostically use-
ful findings of this study, the authors note two limita-
tions. First, there was no assessment of the subjects’ cog-
nitive functioning, and second, the effects of
demographic variables (e.g., age, education, gender)
were not fully examined. The potential influence of
demographic variables has not been assessed system-
atically in patients undergoing concomitant cognitive
and odor identification testing. Although it is well
known that age and education have significant correla-
tions with scores on the Mini-Mental State Examina-
tion15 (MMSE), less is known about the effects of dem-
ographic variables on odor identification test
performance in patient samples. Doty16 has shown age
and, to a lesser extent, gender to be related to odor iden-
tification scores on the UPSIT. No data exist regarding
the possible effects of demographic variables on PST
performance.

Further, study of the relationship between odor iden-
tification performance and MMSE scores has yielded
mixed results. For example, Serby et al.5 assessed UPSIT
and MMSE performances in 55 AD patients and 57 con-
trol subjects and found a statistically significant corre-
lation of 0.48 between the measures. Similarly, Larsson
et al.17 reported a correlation of 0.62 between MMSE
scores and a 20-item odor identification task in 11 pa-
tients with AD and 11 matched control subjects. Con-
versely, Moberg et al.18 found no statistically significant
correlation between MMSE scores and UPSIT perfor-
mance in 20 patients with AD. The present study was
conducted in an attempt to cross-validate the findings
of Solomon et al.,3 to extend the previous PST work by
including a cognitive assessment (MMSE) of the sub-
jects, and to evaluate the effects of demographic vari-
ables on MMSE and PST performance.

METHODS

Patients were 55 years of age or older, met DSM-IV cri-
teria for a diagnosis of either Alzheimer’s disease or ma-
jor depression, and gave informed consent. Diagnoses
had been established by board-certified (adult and/or
geriatric) psychiatrists, neurologists, or neuropsycholo-
gists who had the opportunity to follow these patients
longitudinally. Patients were excluded if they had a his-
tory of neurologic, psychiatric, or medical disorder that
could affect olfaction adversely (e.g., traumatic brain in-
jury, schizophrenia, Parkinson’s disease, HIV-positive
status, upper respiratory illness). Demographic charac-
teristics of the patient groups are presented in Table 1.
Patients were also questioned about whether they had

experienced any recent change in sense of smell (“olfac-
tory complaints,” Table 1).

All patients were evaluated with the Pocket Smell Test
(PST)19 and the MMSE.20 The PST is a three-item mi-
croencapsulated “scratch-and-sniff” measure derived
from the University of Pennsylvania Smell Identification
Test.14 On each item, the odor is released and the patient
chooses one of the four response alternatives. The re-
sponse alternatives were read to the patient continu-
ously until a response was made. Patients were encour-
aged to guess if they were unsure. Correct responses
were lemon, lilac, and smoke, as in the previous study
by Solomon et al.3 The PST has been shown to be sen-
sitive to olfactory deficits in Alzheimer’s disease.1 The
MMSE is a widely used screening measure of cognitive
functioning that taps orientation, attention, short-term
memory, and language abilities. With a maximum score
of 30 and an “impairment” cutoff score of approxi-
mately 23, the MMSE has been shown to be sensitive to
the cognitive deficits in Alzheimer’s.

RESULTS

The distribution of PST and MMSE scores is presented
in Table 2. The Alzheimer’s group, which was older than
the depressed group (P40.009), performed significantly
worse than the depressed group on the PST (t414.38,
df438, P,0.001). The Alzheimer’s group, which did not
differ from the depressed group in years of education
(P40.629), also performed significantly worse than the
depressed group on the MMSE (t46.37, df438,
P,0.001). The correlations between demographic vari-
ables and PST and MMSE scores for each group are pre-
sented in Table 3.

The top part of Table 4 lists the sensitivity, specificity,
hit rate, positive predictive power, and negative predic-
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TABLE 2. Distribution of scores for Pocket Smell Test (PST) and
Mini-Mental State Examination (MMSE)

Measure
Alzheimer’s

(n$20)
Depressed

(n$20)

PST (total correct out of 3)
0 12 0
1 7 0
2 1 4
3 0 16

MMSE (total points)
,10 1 0
11–15 2 0
16–20 5 0
21–25 9 0
26–30 3 20

tive power for various cutoff scores on the PST. There
was only one false negative in the Alzheimer’s group (a
69-year-old female who guessed 2/3 correct on the PST
and had an MMSE score of 20/30). The bottom part of
Table 4 lists the sensitivity, specificity, hit rate, positive
predictive power, and negative predictive power for
various cutoff scores on the MMSE. There were four
false negatives in the Alzheimer’s group, with all having
PST scores of 1 or 0 correct. The three highest MMSE
scores (one of 29 and two of 28) were all for patients
who had either a master’s or doctoral-level education
but scored #1 correct on the PST.

DISCUSSION

The results of the present study support the use of the
PST in differentiating patients with AD from patients
with major depression. As in earlier works,1–5 significant
deficits in olfaction were observed in the AD group but
not in the major depression group. The present study
also replicates the findings of Solomon et al.3 in that a
cutoff score of two or more errors correctly classified
97.5% (all but one) of the AD and depressed subjects.
The results further indicate that the PST was more ac-
curate in classifying the two groups than was the
MMSE, a standard in the field for brief cognitive assess-
ment and diagnosis of dementia.

Odor identification testing is sensitive to AD because
the entorhinal cortex (a major component of the olfactory
system) is the first brain area affected by neurofibrillary
tangles,21,22 one of the defining neuropathologicalmarkers
of AD. To date, there is no neuropathological evidence of
entorhinal cortex or other olfactory-system damage in ma-
jor depression. Hence, odor identificationtestingcanserve
as an empirical discriminator between the two conditions.

The effects of age, gender, and education showed min-

imal impact on the PST for both the Alzheimer’s and
depression groups, as no correlations were statistically
significant. The findings suggest that these demographic
variables do not systematically affect PST performances.
However, significant correlations were noted between
age and MMSE scores in the AD group, and between
gender and MMSE scores in the depression group (for
both analyses, r40.58, P,0.05). These correlations in-
dicate that age accounted for approximately 34% of the
variance in MMSE scores for the AD group and that
gender accounted for about the same amount of vari-
ance in the depressed group. Gender differences in the
MMSE scores in the depressed group (with males scor-
ing 1.7 points higher) were likely confounded by gender
differences within this group on age and education vari-
ables (depressed males were younger and slightly more
educated than depressed females). Therefore, interpre-
tations of MMSE scores are not as straightforward as
PST scores.

The correlation between PST and MMSE scores was
weakly positive (but nonsignificant) for the AD group
and virtually nil for the depression group. These results
are consistent with the findings of Moberg et al.,18 who
found no statistically significant correlation between
odor identification and MMSE performance in AD pa-
tients. An analysis of studies reporting a positive cor-
relation between odor identification and MMSE
scores5,17 reveals that AD patients and control subjects
were combined in the statistical analysis. Indeed, Mor-
gan et al.23 found a correlation of 0.73 between UPSIT
and MMSE scores in normal control subjects but no sig-
nificant correlation for AD patients. The inconsistencies
in published reports of the relationship between odor
identification and MMSE scores may be a function of
combining experimental groups in the correlational
analyses. Future studies might endeavor to separate the
groups when assessing this relationship.

The potential impact of medication and smoking on
odor identification skills has been addressed in various
patient populations, with few definitive findings noted.
Ship et al.24 found no relationship between medicationuse
and scores on the UPSIT in generally healthy, community-
dwelling, nondemented elders. Neuroleptic use in pa-
tients with schizophrenia has been shown to be unrelated
to odor identification skills.25 Kesslak et al.26 reported no
relationship between UPSIT scores and medication states
in patients with AD. Gross-Isseroff et al.27 foundimproved
olfactory sensitivity to isoamyl acetate in depressed pa-
tients 6 weeks after initiation of antidepressant pharma-
cotherapy. No significant relationship between smoking
and UPSIT scores has been reported in patients with HIV
infection,7 schizophrenia,25,28 or various other neurologi-
cal disorders.18 Smoking has been noted to be unrelated to
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TABLE 4. Sensitivity, specificity, hit rates, positive predictive power (PPP), and negative predictive power (NPP) for Pocket Smell Test
(PST) and Mini-Mental State Examination (MMSE) cutoff scores

Percentages
Cutoff Sensitivity Specificity Hit Rate PPP NPP

PST
0 60 100 80 100 71
1 95 100 97.5 100 95
2 100 80 90 83 100

MMSE
28 95 65 80 73 93
26 85 85 85 85 85
24 80 100 90 100 83
22 65 100 82.5 100 77
20 40 100 70 100 62.5

TABLE 3. Correlations of demographic variables and Pocket Smell Test (PST) and Mini-Mental State Examination (MMSE) scores

Age Gender Education PST MMSE

Age — 0.26 10.42 10.26 10.58*
Gender (0.56)* — 10.05 0.20 10.01
Education (0.14) (10.35) — 10.15 0.21
PST (0.02) (0.05) (10.12) — 0.22
MMSE (10.17) (10.58)* (0.20) (10.05) —

Note: Values in the upper portion of the table represent the AD group and values in the lower portion (in parentheses) represent the major
depression group.

*P,0.05.

odor sensitivity capacity in patients withmajordepression
and obsessive-compulsive disorder.27 Within the present
study, no significant correlations were observed between
smoking status and either total PST score or any of the
individual PST items for either the AD or the major de-
pression group. Future studies should include smoking
and medication variables to further assess these possible
relationships.

As noted in Solomon et al.,3 and as replicated in this
study, only 10% of the AD patients and 15% to 20% of
the depressed patients reported any awareness of olfac-
tory decline. Olfactory testing (PST) indicated objective
evidence of odor identification deficits (i.e., PST score of
,3 correct) in 100% of the AD patients and 20% of the
depressed patients. Patient report of olfactory change is
therefore considered unreliable, and formal testing is
warranted.

Despite the methodological and statistical extension
of Solomon et al.,3 a number of other limitations of the
present study should be noted. First, the cognitive eval-
uation of the patients used in the study was limited to
a screening device, and a more thorough neuropsycho-
logical evaluation would likely yield more impressive
diagnostic utility and accuracy. A second shortcoming
was the lack of a more objective description of the group
with major depression. A Hamilton Depression Rating
Scale or Beck Depression Inventory score would have

been useful, and future studies should include such
measures. This study does not support the use of the
PST as the sole indicator in the differential diagnosis of
AD versus major depression. Rather, it is intended to
supplement MMSE (or other cognitive test scores) and
assist the clinician in more successfully directing the pa-
tient’s care. Future investigations relating the PST to
other neuropsychological measures are warranted. A
further limitation relates to the age difference between
the two patient groups. Although the AD group was
older than the depressed group, this difference of 6.6
years appears clinically inconsequential in light of the
relationship between age and PST performance. Further,
the age variable accounted for less than 7% of the vari-
ance in AD patients’ PST scores, a finding similar to the
less than 5% variance noted in Solomon et al.3 Nonethe-
less, future studies should endeavor to have groups
with no age differences. Again, we must emphasize that
all patients in the AD group are cases of Probable AD;
autopsy confirmation is lacking. Any misdiagnoses
could certainly alter the results of this study. Finally, al-
though the present study explored the relationship be-
tween olfactory and cognitive functioning, comparisons
of the PST with other types of functioning that are also
impaired in AD patients may be of additional value to
the clinician. Assessments of mood, activities of daily
living, and physical functioning and their relationship
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to olfactory functioning may further delineate 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 clinical cases of depressive pseu-
dodementia from AD in practice. In this study and in
the preceding one,3 the PST has been used to differen-
tiate established cases of AD from major depression.
This procedure, however, is consistent with the standard
method for developing a diagnostic test in medicine,
which is to see how well the test discriminates between
clear-cut instances of two potentially similar conditions.
The initial study indicated the potential utility of the
PST, and the current study cross-validated and extended
the findings. The next step, of course, would be to test
the PST with clinical cases in which patients present
with mixed affective and cognitive symptoms.

The results of the present study provide primary care
physicians, neurologists, neuropsychiatrists, and neuro-
psychologists with a helpful diagnostic indicator in the
differential diagnosis of AD versus major depression.
The PST is a brief, portable, inexpensive, and user-
friendly measure that has been used successfully to dis-
criminate between these two groups, which often pres-
ent with similar clinical pictures. Effects of age, gender,
and education on the PST (unlike the MMSE) are neg-
ligible for both of these patient groups. The assessment
of olfactory functioning continues to provide valuable
information for the clinician in the differential diagnosis
of AD versus major depression and subsequent treat-
ment interventions.

Support for this research came in part from an unrestricted
research grant from Pfizer Pharmaceutical and Eisai, Inc.
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