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Abstract

This study described the San Diego Odor Identification Test (SDOIT) reliability and compared the SDOIT and the Brief Smell
Identification Test (B-SIT). Ninety participants aged 50–70 years completed this 2-visit olfaction study. During visit 1, the SDOIT
and B-SITwere administered according to standard protocols. Three weeks later, participants returned to retake the SDOIT. The
SDOIT score was the total number of odorants correctly identified out of 8 odorants presented, and olfactory impairment was
defined as correctly identifying less than 6 odorants. The B-SIT score was the total number of odorants correctly identified out
of 12 odorants presented, and participants correctly identifying less than 9 odorants were categorized as abnormal. The SDOIT
reliability was high (concordance correlation coefficient = 0.85, 95% confidence interval [CI] = 0.79–0.91). The same score was
obtained on retest for 73% of participants, whereas 18% improved, and 9% declined. Test–retest agreement was 96% for the
SDOIT; 4% improved from impaired at visit 1 to unimpaired at visit 2. Overall, SDOIT impairment classification and B-SIT
abnormal classification agreed in 96% of participants (j = 0.81, 95% CI = 0.63–0.99). In conclusion, the SDOIT showed good
test–retest reliability. Agreement for impaired/abnormal olfaction was demonstrated for the SDOIT and the B-SIT.
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Introduction

Increasingly, olfactory impairment is becoming recognized
as an important problem in aging. Two cross-sectional pop-
ulation-based studies have reported increased prevalence of
olfactory impairment with older age (Murphy et al. 2002;
Bramerson et al. 2004). As epidemiological studies begin
to include measures of olfactory impairment, standardized
olfactory test characteristics become important to describe.
Test reliability is particularly important as longitudinal stud-
ies of olfactory impairment are conducted in order to distin-
guish test variability from true change.
External factors may contribute to fluctuations in olfac-

tory test results upon repeat testing. For example, testing
conditions (ambient temperature, humidity) may vary, or
a participant’s health may change from one testing period
to another. Studies have shown relationships between olfac-
tory functioning and smoking (Frye et al. 1990; Murphy
et al. 2002; Ishimaru and Fujii 2007; Katotomichelakis
et al. 2007; Vennemann et al. 2008), upper respiratory symp-
toms (Doty andMishra 2001; Murphy et al. 2002), and med-

ication use (Deems et al. 1991; Schiffman and Zervakis 2002;
Doty et al. 2003). Recently, researchers have investigated the
influence of temperature and humidity on olfactory function
(Philpott et al. 2007; Kuehn et al. 2008). The contribution of
such factors to olfactory test–retest reliability may influence
the design and analysis of longitudinal studies as these fac-
tors may be adjusted for in analyses.
Test–retest reliability has been described for 10 different

olfactory tests including odor identification, detection
thresholds, odor memory, discrimination, and rating of
pleasantness (Doty et al. 1995). Odor identification has been
the focus for large-scale epidemiological studies describing
olfactory impairment. Two commonly used olfactory tests
are the San Diego Odor Identification Test (SDOIT)
(Murphy et al. 1994; Morgan et al. 1995; Murphy et al.
2002) and the Brief Smell Identification Test (B-SIT) (Doty
2001). The SDOIT consists of 8 common household odor-
ants presented in opaque jars and includes a picture board
to assist odor identification. This test was originally
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developed for use in children but has also been used in adults
(Morgan et al. 1995; Murphy et al. 2002; Schubert et al.
2008). The B-SIT is a shortened version of the University
of Pennsylvania Smell Identification Test (UPSIT) and in-
cludes a booklet of 12 odorants that are released when
scratched with a pencil tip. Both tests can be administered
in a relatively short amount of time and in this way are ame-
nable to testing populations. However, the B-SIT is more ex-
pensive than the SDOIT and therefore may not be feasible
for large studies where cost is a major concern.
Test–retest reliability has been reported for the B-SIT

among adults aged 18–83 years (Doty et al. 1995), but
SDOIT reliability has not yet been reported in an older
age range. SDOIT test–retest reliability among middle-aged
and older adults is particularly relevant to studies of olfac-
tory impairment and aging. In addition to describing test re-
liability, assessing agreement between classifications using
the SDOIT and B-SIT is essential for comparisons across
studies. The objectives of this study were to describe the
SDOIT reliability in an adult population; assess the influence
of nasal symptoms, general health, medications, and testing
conditions (ambient temperature and humidity) on any
changes in SDOIT score; and compare results from the
SDOIT and the B-SIT.

Materials and methods

Men and women aged 50–70 years were recruited between
November 2006 and December 2007 from the Madison,
WI, and Beaver Dam, WI, for participation in this 2-visit
olfaction study. During the first visit, the SDOIT and the
B-SIT were administered according to standardized proto-
cols (Murphy et al. 1994; Morgan et al. 1995; Doty 2001;
Murphy et al. 2002). The order of test administration was
randomized. A brief health questionnaire providing infor-
mation regarding upper respiratory symptoms in the past
week, smoking status, and prescription medication use
was also completed at the first visit. Specific questions used
to assess upper respiratory symptoms included the following:
1) Have you had a cold within the past week (7 days)?,
2) Have you had any sinus problems in the past week (7 days)?,
and 3)Do you have a stuffy nose now?. An average of 3weeks
later (range = 2–5 weeks), participants returned for their
second visit, during which the SDOIT was administered
and health information collected once more. In addition,
participants were asked if there had been a major change
in their health status in the past month. Room temperature
(measured in Fahrenheit degrees) and humidity (measured
by percentage) were recorded at both visits.
Thirty-three men and 57 women participated in this study.

One participant did not return for the second visit but did
provide SDOIT and B-SIT comparative data from the first
visit. Participants ranged in age from 50 to 70 years, with
median age 57 years. At the first visit, 35 (38%) participants
reported a current stuffy nose or a cold or sinus problems in

the past week. Such participants were not excluded from the
analysis so that estimates of test–retest reliability would be
generalizable to epidemiological studies where all partici-
pants are tested, regardless of nasal symptoms. Only 3
(3%) participants reported current smoking.
The SDOIT consists of 8 common household odorants

presented at intervals of 45 s to minimize adaptation. Odor-
ants were kept in opaque containers, and participants were
asked to close their eyes when the odor was presented to di-
minish visual cues. To assist identification, illustrations of
the test odorants and 12 distracters were displayed on a pic-
ture board. Participants could choose any 1 of the 20 pictures
to identify each odorant. Participants were informed of the
correct name for odorants that were misidentified after the
first presentation. After all 8 odorants had been presented in
a randomized order, any misidentified odorants were pre-
sented again to allow for learning of unfamiliar odors that
were detected. The total olfaction score using the SDOIT
was defined as the cumulative number of odorants (score
range = 0–8) correctly identified after a maximum of 2 pre-
sentations, and olfactory impairment was defined as cor-
rectly identifying fewer than 6 odorants (Murphy et al.
2002). Further details on this test have been published pre-
viously (Murphy et al. 2002).
The B-SIT includes 12 odorants embedded on scent strips

and released when scratched with a pencil tip. A 4-category
multiple choice question, asking what the scent smells most
like, corresponded to the scent strip for each odorant. The
B-SIT is a forced-choice test, meaning participants were in-
structed to identify each odorant as 1 of the 4 choices, even
if no particular smell was perceived. The odorants used in
the B-SIT are different from those used in the SDOIT, except
for chocolate and cinnamon that are presented in both tests.
The total olfaction score using the B-SIT was defined as the
number of odorants correctly identified out of the 12 tested,
and abnormal olfactory functioning was defined as correctly
identifying fewer than 9 odorants (Doty 2001). For partici-
pants missing an individual odorant result on the B-SIT,
the total score was set to missing. However, such participants
may still be classified as normal or abnormal, if possible from
the nonmissing odorant data. This study was approved by the
University ofWisconsin-Madison InstitutionalReviewBoard,
and all participants provided written informed consent.

Statistical methods

SDOIT reliability was estimated for 3 different levels of data.
Agreement for each odorant and for classification of impair-
ment between the 2 visits was calculated as a simple percent-
age. Reliability for the total olfaction score was estimated
using the concordance correlation coefficient (CCC) (Lin
1989) with 95% confidence intervals (CIs) to measure the
extent of agreement between olfaction scores at the first
and second visit. The CCC describes the extent to which
a square plot of the scores from visit 1 by scores from visit
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2 corresponds to a 45! line (perfect concordance). In this
way, it more appropriately describes agreement than the
Pearson correlation coefficient, which measures the extent
of any linear relationship.
Correlations between changes in SDOIT scores and

changes in temperature or humidity were estimated using
the Spearman correlation coefficient. Visit 1 SDOIT and
B-SIT agreement was assessed using the kappa statistic with
95% CIs. Differences between SDOIT and B-SIT correct
identification of the odorants cinnamon and chocolate were
tested with McNemar’s test. SAS 9.1 (SAS Institute Inc,
Cary, NC) and Stata 10.1 (StataCorp, College Station,
TX) statistical software were used for analyses.

Results

SDOIT reliability

In terms of correctly identifying individual odorants, percent
agreement ranged from 84% for bubble gum to 98% for mus-
tard (Figure 1). Most of this agreement involved correct
identification of an odorant at both visits, with few partici-
pants incorrectly identifying an odorant at both visits.
Disagreement occurred in both directions (incorrect identi-
fication followed by correct identification or correct identi-
fication followed by incorrect identification) with similar
frequencies for most odorants, although bubble gum and
baby powder tended to show greater numbers with incorrect
identification at visit 1 and correct identification at visit 2
(n = 10 and 8, respectively) than vice versa (n = 4 and 2,
respectively).
Total olfaction scores also agreed well (CCC = 0.85, 95%

CI = 0.79–0.91, Figure 2). The mean SDOIT score was 7.18
(standard deviation [SD] = 1.52) for visit 1 and 7.35 (SD =
1.49) for visit 2. Thus, the mean difference between scores at
visit 2 and visit 1 was 0.17 (SD = 0.82). Most (73%) scored
the same on the SDOIT at both visits, whereas 18% im-
proved (8 by 1 unit, 7 by 2, and 1 by 3), and 9% declined
(7 by 1 unit and 1 by 3 units). Thus, among the 24 partic-
ipants whose SDOIT score changed from visit 1 to visit 2,

the majority (63%) changed by only one unit. Few of the
changes in SDOIT score resulted in a change in olfactory
impairment classification. All 76 participants classified as
unimpaired at visit 1 remained unimpaired at visit 2,
whereas 4 of 13 impaired participants improved to unim-
paired at visit 2. Thus, total agreement for classification
of impairment was 96%.

Potential explanatory factors for changes in SDOIT score

Next, we examined whether changes in health status could
explain any observed changes in SDOIT olfaction scores.
Most participants did not report a change in upper respira-
tory symptoms from visit 1 to visit 2, with only 17% reporting
differences in cold status, 20% differing in sinus problems,
and 21% differing in stuffy nose symptoms. These changes
in upper respiratory symptoms could not explain all fluctu-
ations in olfactory score; most differences in score occurred
among participants reporting no change in upper respiratory
symptoms (Table 1).
Smoking status did not change for any participant between

the 2 visits. Only 2 (2%) reported a major change in health
status, and 9 (10%) reported a change in medications. One of
the 9 participants reporting a change in medications had one
of the largest differences in olfactory scores. Of the 24 par-
ticipants who had a change in SDOIT score of one or more
units, one-third reported a corresponding change in the ap-
propriate direction for at least one of the health conditions
reported on the questionnaire (Table 1). Of the remaining 16
with a change in SDOIT score, 4 participants reported upper
respiratory problems at both visits, making it difficult to de-
termine whether changes in olfactory function as measured
by the SDOIT correlated with health.
Room humidity and temperature varied between visits but

not in any systematic way (mean difference = 0.76% and
0.35!, respectively). Fluctuations in these test conditions
did not correlate with changes in the SDOIT olfaction score

Figure 1 Percent agreement between visits 1 and 2 for correct
identification of each odorant included in the SDOIT. Shading indicates
types of agreement present (correct identification at both visits vs. incorrect
identification at both visits).

Figure 2 Paired results of the SDOIT score at visit 2 by the SDOIT score at
visit 1. The size of the bubbles corresponds to the number of participants in
each category, shown to the lower right of the bubble. Dashed horizontal
and vertical reference lines separate categories of olfactory impairment
(SDOIT score < 6) and unimpairment (SDOIT score ‡ 6).
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(r = –0.03, P = 0.80, for temperature; r = 0.10, P = 0.35, for
humidity).

SDOIT versus B-SIT

The mean B-SIT score at visit 1 was 10.30 (SD = 1.79).
SDOIT impairment classification and B-SIT abnormal clas-
sification at visit 1 agreed for 96% of participants (j = 0.81,

95% CI = 0.63–0.99, Table 2). Of the 4 participants who dis-
agreed on the 2 tests, 3 were classified as impaired by the
SDOIT but normal by the B-SIT.
Identification of the odorant cinnamon varied by test. A

greater proportion of participants correctly identified cinna-
mon in the SDOIT than in the B-SIT (93% vs. 79%, respec-
tively, P = 0.003). Seventy-one (79%) participants classified

Table 1 SDOIT score change by health status

External factors SDOIT visit 2 score—SDOIT visit 1 score

!3 (n = 1) !1 (n = 7) 0 (n = 65) 1 (n = 8) 2 (n = 7) 3 (n = 1)

Cold in past week

Visit 1 Visit 2

No No 1 5 50 8 6 1

No Yes 0 1 8 0 1 0

Yes No 0 0 5 0 0 0

Yes Yes 0 1 0 0 0 0

Sinus problems in past week

Visit 1 Visit 2

No No 1 4 46 5 4 1

No Yes 0 1 7 0 1 0

Yes No 0 0 6 2 1 0

Yes Yes 0 2 6 1 1 0

Stuffy nose currently

Visit 1 Visit 2

No No 1 4 44 5 6 0

No Yes 0 1 8 1 0 0

Yes No 0 0 8 1 0 0

Yes Yes 0 2 5 1 1 1

Smoke currently

Visit 1 Visit 2

No No 1 6 63 6 7 1

No Yes 0 0 0 0 0 0

Yes No 0 0 0 0 0 0

Yes Yes 0 0 1 2 0 0

Medication status

No change 1 7 58 7 7 0

Change 0 0 7 1 0 1

Health status

No change 1 6 64 8 7 1

Change 0 1 1 0 0 0

Shaded cells indicate health changes consistent with SDOIT score change.
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cinnamon the same (correct or incorrect) for both tests,
whereas 16 (18%) correctly identified cinnamon in the
SDOIT but not in the B-SIT, and 3 (3%) correctly identified
cinnamon in the B-SIT but not in the SDOIT.
Chocolate was identified similarly in the SDOIT and the

B-SIT with only 7 (8%) participants showing disagreement
between the 2 tests (P = 0.26). Unlike cinnamon, chocolate
was identified correctly in the B-SIT by slightly more partici-
pants (96%) than in the SDOIT (92%).

Discussion

The SDOIT showed good test–retest reliability when ad-
ministered to adults on 2 different occasions separated
by an average of 3 weeks. The CCC for the SDOIT
(0.85) was similar to test–retest reliability coefficients re-
ported for the UPSIT and the B-SIT (also known as the
Cross-Cultural Smell Identification Test), which is the
shortened version of the UPSIT (Doty et al. 1995). The ma-
jority of participants scored the same on the SDOIT at both
visits. We did not exclude participants with nasal symptoms
from participating although olfactory function would likely
fluctuate because we wanted to be able to extend these re-
sults to epidemiological studies in the general population.
In such studies, subjects are not excluded from testing be-
cause of acute nasal symptoms, but adjustments are made
during the analytic process to control for the potential con-
founding. It is likely that the test’s reliability in highly se-
lected subjects as might be included in experimental or
small clinical studies is underestimated.
Among participants whose SDOIT score did change be-

tween visits, half either reported a change in health consistent
with the direction of change in score or reported upper re-
spiratory symptoms at both visits. For this latter group, it
is difficult to determine whether the change in SDOIT score
corresponds to health because people experiencing sinus
problems may have fluctuations in olfactory congestion,
and this study did not have a measure of severity of symp-
toms. Still, adjusting for changes in health, including nasal
symptoms and medication use, may be advisable when con-
ducting longitudinal studies of olfactory functioning. We
found no significant impact of testing conditions (ambient
temperature and humidity) on changes in SDOIT scores.
Because not all participants with a change in SDOIT score

reported either a consistent change in health or nasal symp-
toms at both visits, some of the small variability observed in

the SDOIT score is likely true test variability. Among par-
ticipants with shifts in SDOIT score upon repeat testing,
more increases in score were observed than decreases in
score. Although it is possible that this tendency reflects some
learning effects over the 3 weeks separating the visits, it is
unlikely given the administration protocol. Within a single
administration of the SDOIT, participants have a second op-
portunity to identify any odorants initially misidentified. The
score is based on the total number correctly identified (e.g., 5
on the first presentation and 2 on the second would equal
a score of 7/8). The SDOIT was designed to overcome some
of the naming difficulties older adults may experience and to
minimize the misclassification due to unfamiliar odorants.
For example, a person may not have used Play-Doh and
therefore not know the name of the odor but can correctly
identify it once the name is known. This learning would oc-
cur within the first test. It is unlikely that a participant would
be unable to learn the correct identification between these 2
presentations but be able to learn it within the next 3 weeks.
In addition, the picture board used in the test contains 20
possible odorants, and participants do not know in advance
that the same 8 odorants will be used each time, further min-
imizing potential learning effects for repeat measures. With
longer follow-up periods, as in the years between examina-
tion phases in epidemiological studies, the potential impact
of learning is diminished.
SDOIT classifications of impairment at the 2 separate vis-

its also agreed very well, with only 4% of classifications dis-
agreeing. Thus, the SDOIT is a good candidate for use in
longitudinal studies examining change in olfactory impair-
ment, for example, incidence of olfactory impairment. How-
ever, because the SDOIT exhibited some test variability,
sensitivity analyses that exclude those who change impair-
ment categories due to a one-unit shift in score may be war-
ranted. Although 9 participants did change SDOIT scores by
more than one unit, only 3 of the 9 also changed impairment
status categories. The number of participants classified as ol-
factory impaired in this study was relatively small. However,
the resulting prevalence of impairment observed in this sam-
ple is similar to what has been reported in populations, for
the same age range (Murphy et al. 2002). Therefore, esti-
mates of test–retest reliability from this study should be fairly
representative of test characteristics when the SDOIT is used
in a population of middle-aged and older adults.
In order to feasibly and efficiently measure health out-

comes, large-scale epidemiological studies require standard-
ized tools that are rapid, are relatively inexpensive, and
present minimal burden to participants. In addition to hav-
ing good reliability, the SDOIT meets these criteria. There is
a standardized protocol for the SDOIT, the test only takes an
average of 15 min to administer, and the cost is reasonably
low. This test is also easy to maintain. Further, the SDOIT
is generally well received by participants and considered
an enjoyable experience. Thus, the SDOIT would be a
suitable choice for measuring olfactory impairment in

Table 2 SDOIT versus B-SIT classifications

SDOIT classification B-SIT classification Total

Normal Abnormal

Unimpaired 76 1 77

Impaired 3 10 13

Total 79 11 90
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epidemiological studies. Because names for unfamiliar odors
can be learned by the second presentation and the picture
board can assist with naming difficulties as might be experi-
enced with mild cognitive impairment, the SDOIT might be
preferred in some studies. The B-SIT is quick, minimally bur-
densome to participants, and easily portable and has been
shown to have good test–retest reliability (Doty et al.
1995). However, the cost of the B-SIT may be prohibitive
for many large studies. We compared the SDOIT and B-
SIT classifications of impaired/abnormal olfaction when ad-
ministered to participants on the same occasion in order to
understand how to interpret studies reporting the prevalence
of olfactory impairment based on 1 of these 2 testing meth-
ods. SDOIT impairment classifications and B-SIT abnormal
classifications were in agreement for all but a few partici-
pants. These results suggest that little if any variation in prev-
alence estimates in middle-aged and older adults would be
due to differences in measurement methods.
Further comparisons between the SDOIT and B-SIT for

the 2 odorants that were presented in both tests showed that
cinnamon was correctly identified significantly more often in
the SDOIT than in the B-SIT, whereas chocolate was iden-
tified similarly in the 2 tests. Differences in the strength of the
odorant released may explain the discrepancies in cinnamon
identification. Cinnamon can become stronger with time,
and therefore, the essence of the cinnamon used in the
B-SIT may not be as strong as the older SDOIT cinnamon
kept in a jar.
Both the SDOIT and the B-SIT have limited ability to dis-

tinguish levels of olfactory functioning among persons with
normal olfactory function. However, in epidemiological
studies, the purpose of these tests is often to categorize par-
ticipants as impaired or abnormal rather than to define gra-
dations of olfactory functioning.
This study showed that the SDOIT has desirable test–retest

reliability characteristics for the individual odorants, the
summary score, and the classification of impairment.
Changes in participant health status, including nasal symp-
toms andmedication use, may explain some but not all of the
total variability in SDOIT score. Two of the commonly used
odor identification tests, the SDOIT and the B-SIT, gave
very similar classifications of impairment or abnormal sta-
tus. Simple measures of olfactory impairment may be useful
tools in epidemiological studies.
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