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Abstract

The objective of this study was to determine the long-term test–retest reliability of the University 
of Pennsylvania Smell Identification Test (UPSIT), and its individual items, in cognitively intact 
older adults. A community sample of older adults received a neuropsychological test battery, in-
cluding the 12-item, 6-trial Selective Reminding Test (SRT). The UPSIT was administered at baseline 
and follow-up that occurred between 1 and 4 years after baseline. UPSIT scores of participants who 
were cognitively intact and did not decline cognitively were examined for test–retest reliability. In 
92 older adults with mean age 77.6 years followed for 2.79 (standard deviation [SD] 0.69) years, 
mean UPSIT score declined from 30.29 (SD 5.83) to 27.80 (SD 5.50). In linear mixed models that 
adjusted for time, age, sex, and education, intraclass correlation coefficients for UPSIT were 0.65, 
SRT delayed recall 0.59, and SRT total immediate recall 0.49. Among 4 possible response com-
binations, the largest proportion of participants had correct responses at both visits for 35 out of 
40 items. Consistency of item responses ranged from 50% to 90% across the 2 time points. The 
long-term test–retest reliability of the UPSIT was moderately strong without practice effects over 
long periods of time in older adults. These results provide indirect support to prior findings on odor 
identification impairment predicting cognitive decline and dementia, and suggest potential use of 
olfactory testing as a biomarker in prevention and treatment trials of cognitive enhancers.
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Introduction

The olfactory bulb, and olfactory projection pathways to limbic 
brain regions, are infiltrated by neurofibrillary tangles and, to a 
lesser extent, amyloid plaques, both of which are the pathologic hall-
marks of Alzheimer’s disease (AD) (Hyman et al. 1991). Impaired 
odor identification is a well-replicated marker of olfactory deficits 
in patients with AD. Of 30 published studies, all showed impaired 
odor identification in AD compared with healthy control subjects 

(Sun et al. 2012). These deficits also predict the transition from mild 
cognitive impairment to AD and an increased likelihood of cogni-
tive decline in cognitively intact middle-aged and older individuals 
(Stanciu et al. 2014; Devanand et al. 2015).

The University of Pennsylvania Smell Identification Test (UPSIT) 
is a widely used assessment of olfactory ability that has been reported 
to have a high test–retest reliability at a 2-week interval (r = 0.95) 
and at a 6-month interval (r = 0.92) in young to middle-aged adults 
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with intact cognition (Doty, Shaman, Dann 1984; Doty et al. 1985). 
Short-term test–retest reliability for the UPSIT has been shown to 
compare favorably with several other odor identification tests (Doty 
et al. 1995). For the Sniffin’ Sticks test, which is a widely used ol-
faction test developed in Europe, test–retest reliability over a 1-day 
interval was moderate with Pearson’s r = 0.79 for the 16-odor identi-
fication version (Schriever et al. 2011) and ranged from moderate to 
strong (Pearson’s r = 0.69–0.93) for short and long versions of that 
test (Haehner et al. 2009).

There is an absence of information on the long-term test–re-
test reliability of the UPSIT in cognitively intact older adults where 
the test has been shown to predict cognitive decline and incident 
AD during long-term follow-up (Devanand et  al. 2008, 2015). 
Furthermore, the potential utility of odor identification testing for 
diagnosis and estimating prognosis in cognitively impaired older 
adults may be confounded by the fact that odor identification ability 
worsens with aging, particularly in the later decades of life (Doty, 
Shaman, Applebaum, et al. 1984). Therefore, it is important to 
ascertain if there is high test–retest reliability for the UPSIT over 
an extended period of time in cognitively intact older adults. The 
objective of this study was to evaluate the long-term test–retest 
reliability for the UPSIT total score in cognitively intact older indi-
viduals participating in a multiethnic older community cohort study 
with long-term follow-up (Devanand et al. 2015). We also explored 
the test–retest reliability of the 12-item B-SIT, a widely used subscale 
of the UPSIT, and the 40 specific odors that comprise the UPSIT.

Materials and methods

The Washington Heights/Inwood Columbia Aging Project 
(WHICAP) consists of individuals recruited from a stratified 
random sample of 50% of all Medicare beneficiaries aged 65 years 
and older in northern Manhattan, New York City. Participants were 
recruited in 1992 (approximately 25% of participants) as well as 
between 1999 and 2001 (approximately 75% of participants). The 
Columbia University Institutional Review Board approved the study 
protocol and written informed consent forms. The study complies 
with the Declaration of Helsinki for medical research involving 
human subjects.

All participants received a standardized neuropsychological test 
battery at each visit that included measures of learning and memory, 
orientation, abstract reasoning, executive function, language, and 
visuospatial ability. Odor identification testing was performed with 
the UPSIT. The UPSIT comprises 40 common odorants embedded in 
microcapsules with 1 odor on each page. On each page, the partici-
pant scratches the odorant strip, smells the odor emitted from the 
microcapsule, and then chooses the best answer among 4 multiple 
choice items for each emitted odor. The total UPSIT score ranges 
from 10 to 40. Participants were tested in English or Spanish based 
on their stated language preference. The Spanish version of the 
UPSIT differs from the English version by 5 odors. The remaining 35 
odors are the same odors as in the English UPSIT, and all items use 
Spanish word labels. The UPSIT was first administered at the evalu-
ation between 2004 and 2006 with follow-up UPSIT testing that 
took place 1–4 years after the initial UPSIT administration.

For inclusion in this study, participants needed to complete the 
UPSIT at baseline and follow-up and to be classified as not having 
dementia at both of these time points. Furthermore, to avoid the 
confound of cognitive decline being associated with lower UPSIT 
scores over time, participants needed to have intact cognitive ability 
at baseline and lack of cognitive decline during follow-up. Intact 

cognitive ability at baseline was defined a priori as a score ≤ 2 on 
a test of global cognition, the 28-item Blessed Orientation Memory 
Concentration Test (brief test of global cognition, range 0–28, higher 
score indicates worse cognition) together with a baseline 12-item, 
6-trial Selective Reminding Test (SRT) delayed recall score ≥ 7 out of 
12 (range 0–12, higher score indicates better recall; Buschke 1973). 
The SRT measures verbal learning and memory through the use of a 
list-learning procedure of 12 words over 6 trials. Lack of cognitive 
decline was defined as change in SRT delayed recall score over time 
being less than half the square root of the mean square error of the 
decline estimated by the model for the change.

Statistical Analyses
There were 283 study participants who met criteria for intact cogni-
tion at baseline, were not diagnosed with dementia at follow-up, and 
had SRT and UPSIT test scores available at baseline and follow-up. 
A linear regression model examined the effect of baseline age, sex, 
education, follow-up time, and baseline SRT delayed recall test score 
on the within-person change of the test score over time. Using the 
residual of the fitted model, covariate-adjusted change in the SRT 
delayed recall test score was estimated for each individual. Subjects 
with estimated decline more than half the square root of the mean 
square error were considered as having cognitive decline and were 
excluded, resulting in a final study sample of 92 study participants.

To describe the demographic and clinical characteristics of the 
study sample, we calculated summary statistics with mean and SD 
for continuous variables and percent for categorical variables that 
included the response pattern of individual UPSIT items at the 2 
time points. To evaluate reliability of memory and olfactory tests 
at baseline and follow-up, we calculated the intraclass correlation 
coefficient (ICC) using linear mixed effect models, with and without 
the fixed effect of covariates of time of follow-up, baseline age, sex, 
education, or language of test administration.

The responses of UPSIT items at 2 time points have 4 pos-
sible categories, with (0, 1)  for incorrect at baseline but correct at 
follow-up, (1, 0) for correct at baseline but incorrect at follow-up, (0, 
0) for incorrect at both visits, and (1, 1) for correct responses at both 
visits. As each odor has 4 choices with one correct answer, the likeli-
hood of choosing a correct answer by chance is 25%. Thus, the item 
response (1, 1) is likely to reveal a stable ability of odor recognition, 
whereas the other response categories might be affected by random 
error. Furthermore, the item responses (0, 0) could be the result of an 
irreversible deficit of odor identification or from a random choice at 
the time. The item response of (1, 0) could be due to decline in the 
ability of odor recognition or possible random error, and the item re-
sponse of (0, 1) may imply an unstable ability of odor recognition or 
a random choice. To identify the items of the UPSIT associated with 
stable odor recognition, we applied a logistic model to examine the 
association between the binary outcome of correct response at both 
visits, specifically (1, 1) versus the other 3 possibilities for each item, 
and follow-up time, controlling for baseline, age, and sex.

Results

Demographic and clinical characteristics of the study sample of 92 
older adults are described in Table 1. English speakers tested with the 
English UPSIT comprised 81.5% and Spanish speakers tested with 
the Spanish UPSIT comprised 18.5% of the sample. The majority 
were female (59.6%) and the baseline age range was 70–91 years 
with mean 77.55 (standard deviation [SD] 4.49) years. Follow-up 
ranged from 1.19 to 3.99 years with mean follow-up time of 2.79 
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(SD 0.69) years. Mean UPSIT score was 30.29 (SD 5.83) at baseline 
and 27.80 (SD 5.50) at follow-up, with a mean decrease of 2.48 (SD 
4.65). Partly as a result of the selection criteria requiring good per-
formance on the SRT, the mean declines in episodic verbal memory 
during follow-up were small: 0.04 (SD = 1.35) for SRT delayed recall 
and 0.64 (SD = 6.52) for SRT total immediate recall. UPSIT score 
was positively correlated with SRT total immediate recall at baseline 
(r = 0.27, P = 0.0082) but the correlation attenuated at follow-up 
(r = 0.17, P = 0.10). In contrast, UPSIT score did not show signifi-
cant associations with SRT delayed recall at either baseline (r = 0.16, 
P = 0.13) or follow-up (r = 0.19, P = 0.075) (Table 1).

Test–retest reliability of the total UPSIT score
The ICCs for the UPSIT and SRT measures were estimated based 
on linear mixed models, with and without adjusting for covariates, 
using 184 observations from 92 subjects. The estimated ICCs and 
coefficients of covariates for fixed effects are listed in Table 2. UPSIT 
scores significantly decreased with follow-up time and baseline age, 
were lower in males than females, and were unrelated to educa-
tion or language. SRT total immediate recall and SRT delayed re-
call scores both did not change with follow-up time and were lower 
in older subjects and males. Spanish speakers had less education in 
years than English speakers. When both language and education 

were included in the models for the 2 SRT tests, education became 
statistically insignificant.

Without covariate adjustment, the total UPSIT score had a crude 
ICC of 0.59, similar to ICC of 0.58 for SRT immediate recall, and 
both were lower than the ICC of 0.67 for SRT delayed recall. When 
adjusting for follow-up time only, the ICC for the UPSIT was 0.67, 
similar to the ICC of 0.67 for SRT delayed recall, and higher than 
the ICC of 0.59 for SRT total immediate recall. In linear mixed ef-
fects models that adjusted for specific demographic covariates as de-
scribed in Table 2, the ICC for the UPSIT was 0.65 in all 3 models, 
the ICC for SRT delayed recall showed reduced values between 0.58 
and 0.61, and the ICC for SRT total immediate recall showed even 
lower values between 0.47 and 0.52 (Table 2).

Test–retest reliability of UPSIT items
The standardized Cronbach alpha coefficient for internal consist-
ency of UPSIT items was 0.83 at baseline and 0.78 at follow-up. In 
the minority of participants who were tested in Spanish, their UPSIT 
scores at baseline and change over time did not differ significantly 
from the English version of the UPSIT.

For item-specific responses, for the 4 pairs of response combin-
ations, the largest proportion of participants had correct responses 
at both visits (1, 1)  for 35 out of 40 items, with 26 items having 
the proportion of (1, 1)  ranging between 53.26% and 89.13%. 
Consistency of responses, defined as either 0–0 (incorrect–incor-
rect) or 1–1 (correct–correct), ranged from 50% to 90.22% across 
all items, that is, all items had more consistent than inconsistent 
(0–1 or 1–0) responses across the 2 time points. Three items (dill 
pickle, lime, and grass) had their proportion of correct responses 
at both time points (1, 1) ranging from 29.35% to 32.61%, similar 
to the proportion of responses for both incorrect (0, 0) with values 
ranging from 29.35% to 35.87%. Only 2 items had a low propor-
tion of correct responses at both time points (1, 1), 18.48% and 
17.39% for Cheddar Cheese and Lemon, respectively, which were 
lower than 31.52% and 43.48% for incorrect responses (0, 0) for 
these 2 items. Item-specific logistic regression analysis indicated that 
age- and sex-adjusted odds of correct responses (1, 1) declined sig-
nificantly with follow-up time for 3 items (cherry [P = 0.018], leather 
[P = 0.072], and lemon [P =0.074]), whereas it improved for winter-
green (P = 0.021). The odds of correct responses were unrelated to 

Table 1.   Demographic and clinical characteristics of the sample 
(n = 92)

Variable Mean (SD) Range

Age at baseline (years) 77.55 (4.49) 70–91
Years of follow-up 2.79 (0.69) 1.19–3.99
Total UPSIT score at baseline 30.29 (5.83) 11–40
Total UPSIT score at follow-up 27.80 (5.50) 13–37
SRT total recall baseline 49.35 (7.00) 26–65
SRT delayed recall baseline 8.52 (1.35) 7–12
Education in years 13.62 (3.65) 3–20
Test administered in Spanish % 18.48 —
Male % 30.43 —
White % 57.61 —
African American % 18.48  
Hispanic % 23.91  

Table 2.  ICC for test–retest reliability, based on linear mixed effect models

SRT total immediate recall SRT delayed recall UPSIT

Covariates B (SE) ICC B (SE) ICC B (SE) ICC

None — 0.58 — 0.67 — 0.59
Time −0.37 (0.23) 0.59 −0.06 (0.05) 0.67 −0.90 (0.17) 0.67
Time −0.36 (0.23) 0.52 −0.05 (0.05) 0.61 −0.89 (0.17)**** 0.65
Baseline age −0.54 (0.14)***  −0.12 (0.03)***  −0.23 (0.12)+  
Male vs. female −4.30 (1.33)**  −1.10 (.03)***  −2.59 (1.15)*  
Time −0.35 (0.23) 0.49 −0.05 (0.05) 0.59 −0.89 (0.17)**** 0.65
Baseline age −0.46 (0.13)**  −0.10 (0.03)**  −0.22 (0.12)+  
Male vs. female −4.77 (1.29)***  −1.19 (0.31)***  −2.66 (1.16)*  
Education 0.47 (0.16)**  0.09 (0.04)*  0.07 (0.15)  
Time −0.35 (0.23) 0.47 −0.05 (0.05) 0.58 −0.89 (0.17)**** 0.65
Baseline age −0.44 (0.13)**  −0.10 (0.03)**  −0.23 (0.12)+  
Male vs. female −4.12 (1.26)**  −1.07 (0.30)***  −2.58 (1.15)*  
Spanish vs. English −4.97 (1.49)**  −0.95 (0.36)**  −0.33 (1.36)  

B, estimated coefficient of covariate; SE, standard error.
+0.05 < P < 0.07, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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follow-up time (P’s ≥ 0.098) for the remaining 36 items. The results 
indicated that instability of correct responses was present for only 4 
out of 40 UPSIT items.

For the B-SIT, ICCs (crude ICC: 0.42, covariate-adjusted ICC: 
0.45–0.49) were not greater than the ICCs (crude ICC: 0.60, 
covariate-adjusted ICC: 0.64–0.66) of a subscale with the remaining 
28 UPSIT items.

Discussion

In a community sample of older individuals who were cognitively 
intact and did not decline cognitively, UPSIT scores obtained an 
average of 2.79 years apart (range 1–4 years) showed moderately 
strong test–retest reliability that was lower than has been reported 
for shorter intervals of 2 weeks to 6 months. This is consistent with 
the expectation of decreased reliability with an increasing time 
interval between test administrations (Doty, Shaman, Dann 1984; 
Doty et al. 1985). The decline in UPSIT scores during follow-up indi-
cates lack of a practice effect, which is consistent with lack of a prac-
tice effect at shorter time intervals of 2 weeks and 6 months between 
test administrations (Doty, Shaman, Dann 1984; Doty et al. 1985). 
UPSIT test–retest reliability improved after controlling for age, sex, 
and time between administrations of the UPSIT. These findings sup-
port the utility of the UPSIT as a reliable test not only over short time 
intervals as previously demonstrated, but also over long intervals in 
cognitively intact older adults, thereby providing indirect support for 
potential clinical and research utility.

When the UPSIT was developed, internal consistency reliability 
(ICR) was estimated from the median of bivariate correlations 
of 10- and 20-item scores for combinations of booklets based on 
cross-sectional data. ICR was 0.93 for the total UPSIT score and 
ranged from 0.73 to 0.90 for the 4 individual booklets and combin-
ations of booklets (Doty et al. 1985). In our sample of cognitively in-
tact older adults who did not decline cognitively, internal consistency 
was strong, and participants tested in Spanish had scores similar to 
participants tested in English (Devanand et al. 2010).

This sample averaged 78  years of age at baseline. The decline 
in UPSIT scores over time in this elderly sample is consistent with 
odor identification ability worsening with aging, particularly in the 
later decades of life (Doty, Shaman, Dann 1984). Other studies, in-
cluding reports from the larger WHICAP cohort, show moderate 
positive correlations between odor identification and episodic verbal 
memory test scores (Devanand et al. 2010; Devanand et al. 2015; 
Woodward et al. 2018). In this WHICAP substudy, the correlations 
between the UPSIT and memory tests were relatively weak, which 
may be related to the inclusion criteria restricting the range of epi-
sodic verbal memory test scores (Devanand et al. 2010, 2015).

For every UPSIT item, the proportion of a consistent correct re-
sponse at the 2 time points (correct–correct) exceeded 50% for 29 
out of 40 items but was not close to 100% for any item. Of note, 
the 12-item B-SIT is a component of the 40-item UPSIT and is a 
shorter, more practical version with cross-cultural validation (Sun 
et  al. 2012; Woodward et  al. 2018). Nonetheless, test–retest reli-
ability was not stronger for these 12 items in the B-SIT compared to 
the remaining 28 UPSIT items.

The normal physiology of olfactory pathways may explain the in-
ability to distinguish specific UPSIT items with strong versus poor test–
retest reliability. The experience of smelling an odor is the end result 
of small molecules that enter the nasal cavity, dissolve in the mucosa 
of the olfactory epithelium, and then interact with olfactory receptor 
neurons via transmembrane G-protein coupled olfactory receptor 

proteins. Most familiar odors contain several proteins and other mol-
ecules leading to considerable overlap and difficulty in discriminating 
between odors that are similar, for example, apple and orange (Doty 
2017). The chemical complexity underlying each odor may not match 
well with the olfactory receptors and their projections in the olfactory 
pathways, leading to difficulty in replicating discriminative and pre-
dictive utility for individual odors even though overall odor identifica-
tion ability can be reliably assessed with the 40-item UPSIT.

Odor identification testing can help to discriminate between 
diagnostic groups along the spectrum of cognitive decline and to 
predict cognitive decline and dementia broadly, as well as AD specif-
ically (Devanand et al. 2015). Odor identification test performance 
is a biomarker that adds to the information obtained by clinical as-
sessment and the use of other biomarkers for the early detection 
of AD (Devanand et al. 2008). It may also prove to be useful as a 
biomarker in selecting or stratifying patients in treatment trials of 
cognitively impaired individuals and in prevention trials because of 
its ability to predict cognitive decline in cognitively intact individ-
uals (Devanand et al. 2015). These are important new approaches 
under investigation in the treatment of AD and its prodromal state. 
Assessment of odor identification, which is shown here to be reliable 
and with aging effects but without long-term practice effects in cog-
nitively intact individuals, has potential utility in this process.
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