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Objective: This study evaluated human Blood Oxygen Level-Dependent (BOLD) responses in 
primary and higher-order olfactory regions of older adults, using odor memory and odor 
identification tasks. The goal was to determine which olfactory and memory regions of interest 
are more strongly engaged in older populations comparing these two odor training tasks.
Methods: Twelve adults 55–75 years old (75% females) without intranasal or major 
neurological disorders performed repetitive odor memory and identification tasks using 
a 3-tesla magnetic resonance scanner. Odors were presented intermittently at 10-second 
bursts separated by 20-second intervals of odorless air. Paired t-tests were used to compare 
differences in the degree of activation between odor identification and odor memory tasks 
within individuals. An FDR cluster-level correction of p<0.05 was used for multiplicity of 
tests (with a cluster-defining threshold set at p<0.01 and 10 voxels).
Results: Odor identification compared to memory (ie, odor identification > odor memory) 
contrasts had several areas of significant activation, including many of the classical olfactory 
brain regions as well as the hippocampus. The opposite contrast (odor memory > odor identifica-
tion) included the piriform cortex, though this was not significant. Both tasks equally activated 
the piriform cortex, and thus when the two tasks are compared to each other this area of activation 
appears to be either absent (OI > OM) or only weakly observed (OM > OI).
Conclusion: These findings from a predominantly African American sample suggest that 
odor identification tasks may be more potent than memory tasks in targeted olfactory 
engagement in older populations. Furthermore, repetitive odor identification significantly 
engaged the hippocampus – a region relevant to Alzheimer’s disease – more significantly 
than did the odor memory task. If validated in larger studies, this result could have important 
implications in the design of olfactory training paradigms.
Keywords: blood oxygen level dependent responses, BOLD, odor memory, odor 
identification, olfactory engagement, olfactory training

Background
Functional neuroimaging procedures have contributed immensely to improved 
understanding of the neurobiology of olfactory processing and to the elucidation 
of the effects of normal and abnormal aging on the risks of Alzheimer’s disease 
development.1,2 Functional magnetic resonance imaging (fMRI), measuring the 
Blood Oxygen Level Dependent (BOLD) response to neural activation in the 
olfactory cortex, has particularly enabled the identification of cortical and subcor-
tical brain structures that participate in olfactory processing.3,4 Examining the sense 
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of smell with olfactory fMRI is a sensitive technique5 to 
demonstrate neural correlates of altered performance in 
a number of olfactory tasks and can be used to detect 
selective activation of the primary and higher-order olfac-
tory region by olfactory psychophysical tasks. There is 
increasing evidence from clinical studies that olfactory 
training, by repetitive odor stimulation with or without 
odor psychophysical tasks, can improve functional deficits 
in olfactory neural structures, which are impacted early by 
Alzheimer’s disease pathophysiology.6–8 To provide 
empirical support for the use of a particular olfactory 
psychophysical task over others, as a putative tool for 
treatment or prevention of age-dependent olfactory com-
promise, it is very important to compare psychophysical 
tasks on their relative strengths for functional engagement 
of these regions of interest.

Psychophysical tasks of olfaction are based upon the 
presentation of odors to a test subject, followed by exam-
ination of the subject’s responses to questions about some 
characteristics of the odorants presented.9,10 Olfactory psy-
chophysical tasks include odor identification, odor mem-
ory, odor discrimination and odor threshold sensitivity 
tasks. Odor identification (OI) is the number of odorants 
a participant can correctly identify or name out of the total 
number of odorants presented. Odor memory (OM) mea-
sures the ability to remember recently administered odor-
ants from a choice that includes non-previously 
administered odors. Odor threshold (OT) measures the 
lowest concentration of an odorant that can be reliably 
perceived. Odor discrimination measures ability to differ-
entiate between two alternately administered odors. Odor 
memory task is considered to pose the highest cognitive 
demands, and it has been shown to extensively activate 
olfactory brain regions like piriform and orbitofrontal 
cortices.11 The piriform cortex is the most distinct and 
the largest part of the primary olfactory cortex. It is inter-
connected with higher-order olfactory regions and other 
primary olfactory regions.12–14 fMRI studies have shown 
that the primary olfactory cortex was activated inconsis-
tently or not at all during passive olfactory stimulation, 
whereas the higher-order olfactory region showed strong 
activation.15–17 Poellinger et al18 demonstrated from time- 
series fMRI experiments in adult populations that faster 
habituation to odor stimuli in the primary olfactory cortex 
contributed to the inconsistencies by which odor stimuli 
activated the piriform and other primary olfactory cortex 
regions. Specifically, they showed that the primary olfac-
tory cortex habituates after 10 seconds of continuous odor 

delivery in the general adult population. It therefore fol-
lows that odor presentations during odor processing tasks 
that depend on structure and function of the piriform 
cortex (eg, odor memory) must be brief.

The purpose of this study is to examine the relative 
differences in olfactory engagement comparing the two 
odor training tasks of memory and identification in older 
populations using an olfactory fMRI paradigm in twelve 
individuals without neurological and nasal disorders. 
These tasks were used to identify the selective activation 
of the primary olfactory cortex and higher-order olfactory 
regions. Intermittent odor delivery with short duration 
bursts was used to minimize habituation to the odorants 
used in this study. Results from this study are anticipated 
to have some implications in the design of olfactory fMRI 
scanning paradigms that can be used in future studies of 
olfaction in older populations, and for future developments 
in olfactory training paradigms in this population.

Methods
Participants
Twelve adults, 55–75 years of age, were recruited via the 
geriatric clinic at Howard University and from communities 
in Wards 7 and 8 of Washington, DC, a population that is 
predominantly of African American (AA) ethnicity. Study 
procedures were approved by the Howard University 
Institutional Review Board (IRB) for the ethical conduct of 
research involving human subjects in accordance with the 
Declaration of Helsinki. Only volunteers that provided writ-
ten informed consent to participate following a complete 
discussion of the study were enrolled into the study. To be 
eligible for this study, participants must have little to no 
memory impairments, no history of psychiatric disorder 
(based on detailed psychiatric history and exam performed 
by the neuropsychiatrist co-author, EN), no current substance 
use (determined from urine drug toxicology screen and blood 
alcohol levels), no anosmia based on odor threshold sensi-
tivity test scores, absence of cerebrovascular disease or other 
neurologic disease (eg multiple sclerosis, Parkinson’s dis-
ease, Lewy body dementia, frontotemporal dementia or trau-
matic brain injury), no significant nasal disorders (eg nasal 
polyps or nasal tumors, deviated septum, nasal surgeries, 
congenital malformations of the nose, chronic nasal obstruc-
tion and chronic rhinosinusitis), and no serious medical dis-
orders (eg end-stage kidney disease and congestive heart 
failure). For exclusion purposes, neurological diseases were 
ascertained through detailed neurological exam by the 
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neuropsychiatrist co-author (EN), medical records review 
and from structural MRI. Structural MRI was reviewed by 
the neuroradiology co-author (JWV), and people with struc-
tural brain lesions were excluded. In addition to self-report 
and medical records review, all participants received com-
prehensive nasal inspection using flexible nasoscope. We 
also conducted olfactory psychophysical tasks using 
a validated olfactometer (described below), to exclude peo-
ple with reduced odor threshold (OT) sensitivity, defined as 
score < 6 points out of a maximum score of 10 points. 
Detailed social, demographic and medical history were 
obtained from all participants. Mini-Mental Status 
Examination (MMSE) was conducted on all participants to 
exclude people with Alzheimer’s dementia or mild cognitive 
impairments (MCI). Only subjects with MMSE scores > 27 
out of a maximum of 30 were included in this study. Buccal 
swabs were collected from each participant to genotype for 
apolipoprotein E (APOE) polymorphisms. All subjects were 
screened before scanning to ensure compatibility with 
a magnetic resonance (MR) environment; as such, to be 
included in this study, subjects were not claustrophobic, 
had no metallic implants and were able to remove all metallic 
or magnetic devices, if present. Additionally, on the day of 
MRI scanning all participants completed detailed MRI safety 
form to identify and exclude people with MRI exclusions.

Olfactory Data Collection
Psychophysical Tasks of Olfaction
This was conducted using the computer-controlled 
OLFACT-Combo, a flow-dilution olfactometer,19 in 
a quiet room by research staff. This olfactometer delivers 
various odorants intranasally for clinical assessment of 
odor identification (OI), odor memory (OM), odor thresh-
old (OT) and odor discrimination (OD).8 OLFACT con-
sists of a two-chambered metal box; one chamber, which 
is used for OT task, contains 13 vials of n-butanol solution 
in different concentrations and an empty vial for clean air; 
and the other chamber contains 20 different vials of essen-
tial oils and is used for OI, OM and OD tasks. Details of 
olfactory evaluation by means of OLFACT-COMBO has 
been described elsewhere.20 To prevent cross- 
contamination of odorants, a Teflon tube is attached to 
each vial and presented through a plastic tube. 
Participants sat comfortably in front of a laptop connected 
to the olfactometer, for presentation of the olfactory task 
questions. Test instructions and a practice trial were pro-
vided before each olfactory task assessment. The Osmic 
software installed on the laptop collected and stored 

participants’ responses. Test-retest reliabilities of 
OLFACT for OI, OM, OT and OD were 0.86, 0.84, 0.77 
and 0.79, respectively.21 Only normosmic participants, ie, 
individuals that scored 6 or more points out of a maximum 
score of 10 in the odor sensitivity task, were included in 
the study.

Odor Identification and Memory fMRI Olfactory 
Paradigm
The fMRI olfactory paradigm employed a portable laptop- 
controlled MRI-compatible olfactometer, called OLFACT- 
fMRI.22 OLFACT-fMRI consists of an air delivery system 
contained in a metal box and an odorant delivery system in 
a plastic box container. The laptop and metal box were 
placed outside the MRI scanner room, and a detachable 
non-metal delivery hose (24 ft × 1.25 in) connects the 
metal box with the MRI-compatible plastic box, through 
an open waveguide. The odorant delivery system, which 
contains six different essential oils, was placed alongside 
the study participant. Odorants were delivered from the 
plastic box using a plastic nasal cannula modified with 
a Y-shaped Teflon tube at its tip and placed into the 
subject’s nostrils. The Teflon tube is coated with polytetra-
fluoroethylene (PTFE), a synthetic chemical that provides 
a nonreactive, nonstick and almost frictionless surface.23 

A PTFE-coated tube, unlike a plastic tube, is extremely 
chemically resistant, avoids adhesion and enables unrest-
ricted flow without deposit build-up. To hold the Teflon 
tube in place, the plastic tubing is placed over the ear and 
behind the head, ensuring the comfort of the study parti-
cipant and the reliable delivery of the odorants. Odor 
presentation was triggered by the OLFACT software. 
A constant stream of clean odorless (maximum flow rate 
of up to 2 liters per minute), non-heated and non- 
humidified air was delivered in between odorant delivery. 
The highest concentration of the odorants was used for the 
olfactory tasks; and the essential oils were purchased from 
Save on Scents and Perfumer’s Apprentice.

The acquisition (ie, odor encoding) stage of the OM 
task from the fMRI olfactory paradigm started in the mock 
scanner room. Participants were instructed to breathe nor-
mally and to remember the odorants presented while in the 
mock scanner. Each participant was asked to smell three 
essential oils (lemon, cinnamon and rose) sequentially for 
3 cycles; odor was presented for 10 seconds followed by 
a 20-second gap to control for odor adaptation. The total 
duration of the acquisition stage was 280 seconds. 
Participants were instructed that a screen inside the MRI 
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scanner will ask them whether the odor was one of the 
three they acquired during the acquisition stage; all sub-
jects practiced using the response box.

During the recognition stage of the OM task, conducted 
in the MRI scanner fifteen minutes after the acquisition 
stage, participants were presented six odorants (strawberry, 
rose, coconut, lemon, cherry and cinnamon). During the 10- 
second presentation of an odor, the screen displayed the 
query as to whether they remembered the odor from the 
acquisition phase. This was followed by 20 seconds of no 
odor presentation, during which subjects were instructed to 
breathe normally. The series of six odorants were presented 
three times in identical order, for eighteen total odor pre-
sentations. Subjects were instructed to press the button in 
their right hand for recollection or the button in their left 
hand for non-recollection (Figure 1A). The response was 
limited to 10 seconds of odor exposure, not during the 20- 
second rest intervals. Ten seconds of rest/no odor was 
included at the beginning and end of the task. The total 
duration of the task was 560 seconds.

The entire fMRI OI task was conducted in the scanner 
room. In the scanner, the subject held a three-button 
response box in each hand – one button each for the index, 
middle and ring finger of each hand, with each finger corre-
sponding to the image of the odorant shown on the screen 

during odor presentation, interspersed by twenty seconds of 
breathing normally (Figure 1B). Six essential oils (straw-
berry, rose, coconut, lemon, cherry and cinnamon) were 
presented sequentially for 3 cycles, and each odorant was 
presented for 10 seconds, followed by a 20-second gap in 
between. Subjects were instructed to press the button corre-
sponding to the on-screen image of the scent sensed. For 
instance, while the strawberry scent is being inhaled, selec-
tion of the on-screen image of strawberry, among other scent 
images to select from, is the correct OI response; and select-
ing the image of a different scent instead of strawberry 
image is the wrong response. Participants were asked to 
make a choice within each 10 seconds of odor exposure. 
Ten seconds of rest/no odor was included at the beginning 
and end of the task. The total duration of the task was 560 
seconds.

MR Acquisition
Participants were scanned using functional MRI, that was 
acquired on a Siemens 3T Prisma-Fit MRI scanner with a 64- 
channel head coil using an echo-planar imaging pulse 
sequence with TR/TE = 859/35 ms, multiband factor of 6, 
FOV = 200 mm2 and a 100×100 matrix, and 60 2-mm thick 
slices for an effective spatial resolution of 2 mm3. For localiza-
tion and spatial normalization, a high-resolution T1-weighted 

Figure 1 Experimental design of the odor identification and odor memory fMRI tasks. (A) Odorants were first presented outside the scanner, followed by 10-second 
presentations of those odors and novel odors with questions asking subjects to indicate with their fingers if they recognized the old odors. Odor presentations are 
interspersed by 20-second rest intervals of odorless air flow. (B) Six odorants were presented one at a time for 10 seconds, interspersed by 20-second odorless intervals. 
Participants were instructed to use their fingers to point to the name of odorants on the screen corresponding to the smell they were perceiving.

https://doi.org/10.2147/NDT.S298303                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 1282

Rai et al                                                                                                                                                               Dovepress

https://www.dovepress.com
https://www.dovepress.com


MPRAGE scan was acquired with TR/TE/TI = 1900/2.9/900 
ms, FOV = 256 mm2 and a 256×256 matrix, 176 slices for 
a 1 mm3 spatial resolution.

Analysis
Data were analyzed in SPM12 (Wellcome Trust Centre for 
Neuroimaging, University College London), and analysis 
consisted of the following steps: slice timing correction to 
temporally align slices, realignment to correct for head 
motion, co-registration of the mean functional scan to the 
high-resolution structural scan, spatial normalization of the 
high-resolution structural scan that was subsequently applied 
to the realigned functional scans and smoothing with a 4 mm3 

filter.
Further analysis consisted of conducting a repeated 

measures 1-way ANOVA combining first-level contrast 
maps for odor versus no-odor using both paradigms. Age 
was entered as a covariate of no interest. A cluster defining 
uncorrected threshold of p < 0.001 and 10 contiguous 
voxels was used followed by use of a cluster-level FDR- 
corrected p-value of 0.05.

Results
Participants’ Characteristics
The study population consists of 12 total individuals, 9 
(75%) of whom are females, and predominantly of African 
American ethnicity (Table 1). Socio-demographic features 
and performance in fMRI olfactory tasks of the study 
population are also depicted in Table 1. Participants cor-
rectly identified 17.9% of the odorants presented to them 
during odor identification fMRI task, with percent identi-
fications ranging from 0% to 39%. During fMRI scanning, 
the study population correctly recognized 62% (range 
39–78%) of odorants they were previously exposed to 
during the acquisition stage.

fMRI Outcomes
Results of comparison of odor identification (OI) > odor 
memory (OM) showed statistically greater activation of 
several olfactory brain regions, including right middle tem-
poral, bilateral precuneus, right hippocampus, left superior 
parietal, right superior parietal, left middle temporal, left 
inferior orbital frontal, left superior frontal, left insula and 
bilateral cerebellum (culmen and vermis) (Table 2, 
Figure 2).

By comparison, the odor memory task did not exhibit 
any areas with significantly greater activation than odor 

identification task. The right and left piriform cortices 
were slightly more activated for OM than OI, though 
these did not reach statistical significance (Table 3, 
Figure 3). Examination of each of the tasks in isolation 
using one-sample t-tests revealed that neither task robustly 
activated the piriform cortex.

Finally, it is important to note that both tasks activated 
the piriform cortex, and thus when the two tasks were 
compared to each other this area of activation appears to 
be either absent (OI > OM) or only weakly observed (OM 
> OI). In Supplementary Table 1 (see Supplementary docu 
ments) we present a one-way ANOVA using repeated 
measures to combine the data from both tasks to demon-
strate that this part of the olfactory sensory cortex is 
activated by these tasks. A cluster-determining threshold 
of p<0.001 uncorrected and a cluster extent of 10 voxels 
were used.

Discussion
Olfactory training, comprising of repetitive daily stimulation 
with odorants, has been proposed as putative treatment for 
several local and intracranial diseases in which olfactory 
functions are compromised.7,24,25 In this present study we 

Table 1 Socio-Demographic Characteristics and Olfactory Task 
Performances in the Study Population

Characteristics Frequency 
(n=12)

Percentage

Female 9 75

Race:

Black/African American 11 99.67

Other 1 8.33

Education:
8–12 years 5 41.67

Graduate/Some college/Associate 7 58.33

Employment status:

Retired 7 58.33

Self-employed 1 8.33
Unemployed 4 33.33

Never married 5 41.67

Mean (SD) Range

Age 66.08 (4.99) 55–74

fMRI Tasks of Olfaction Mean (SE) Range

Odor Identification 17.9% (3.3%) 0–39%

Odor Memory 62.0% (3.9%) 39–78%
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examined human BOLD activities in primary olfactory cor-
tex and higher-order olfactory regions in response to repeti-
tive olfactory cognitive tasks in older individuals, to 
determine their potential relevance to olfactory training for 
age-associated neurological conditions. The comparisons 
between odor identification activations and odor memory 
activations were made within an individual level, since 
every participant received both tasks at different time points. 
Therefore, individuals serve as controls in contrast to group- 
level studies where some individuals were randomly 
assigned just one or the other task. Within-individual analysis 
helps to reduce the effects of heterogeneity introduced by 
differences between individuals. In older adults without nasal 
and neurological disorder, the odor identification (OI) task 
significantly activated several brain regions more than did the 
odor memory (OM) task, including the right middle tem-
poral, bilateral precuneus, right hippocampus, left superior 
parietal, right superior parietal, left middle temporal, left 
inferior orbital frontal, left superior frontal, left insula and 
bilateral cerebellum (culmen and vermis). The OM task, in 
contrast, activated the piriform cortex more than did the OI 
task, though it was not significant. Both tasks equally acti-
vated the piriform, and thus when the two tasks were com-
pared to each other, within individuals, this area of activation 
appears to be either absent (OI > OM) or only weakly 
observed (OM > OI). However, OI did preferentially activate 
the hippocampus in comparison to the OM task. This study 

provides new evidence that the OI task, when used for 
olfactory training in older subjects, engages several olfactory 
regions and the hippocampus, as compared to the OM task.

Though several studies have been conducted on 
patterns of brain activations in the general population, 
fewer studies have examined changes in these patterns 
of activation in elderly populations in efforts to eluci-
date the impact of aging on the human olfactory sys-
tem. This study in older populations revealed that odor 
cognitive fMRI tasks activated most of the classic 
primary and secondary olfactory areas activated by 
odorants in the general population, including the hip-
pocampus, insula, inferior orbital frontal, medial orbi-
tal frontal, middle temporal, precuneus and parietal 
regions.18,26–28 Consistent with a previous study by 
Kareken et al,29 OI activated temporal lobes, orbito-
frontal cortices, right hippocampus27 and left insula – 
areas responsible for higher-order mental processing.30 

It is noteworthy that at least one study26 did not find 
significant activations in any of these classical olfac-
tory brain regions in elderly subjects, during fMRI 
odor identification tasks. One possible explanation for 
absence of olfactory regional activations in the latter 
study is their much older age cohort: the mean (SD) 
age of participants in their study is 73 (5) years, com-
pared to 66 (5) years in our study. Other contributing 
factors could be differences in methodology, such as 

Table 2 Results of Comparison of Odor Identification (OI) and Odor Memory (OM) Tasks (ie, OI > OM Contrasts), Depicting 
Olfactory Brain Regions Which Were More Significantly Activated by OI Compared to OM Tasks

Brain Region Peak T Statistic FDR Cluster Corrected p-value Cluster Size MNI Coordinates

R Middle Temporal 12.30 0.000 1306 56, −48, 0

Bilateral Precuneus 5.89 4, −56, 44

R Hippocampus 4.47 40, −38, −8
L Superior Parietal 5.50 −24, −72, 50

R Superior Parietal 5.14 30, −72, 46
L Middle Temporal 3.34 −42, −52, −4

L Inferior Orbital Frontal 5.95 0.000 738 −32, 36, −16
L Superior Frontal 5.22 −12, 46, 18

L Insula 3.45 −26, 20, −18

R Medial Orbital Frontal 5.36 0.087* 214 8, 52, −16

L Medial Orbital Frontal 4.54 0.055* 257 −12, 42, −10
L Caudate 3.80 −18, 22, 0

R Superior Parietal 4.67 0.055* 261 24, −36, 70

Bilateral Cerebellum (Culmen and Vermis) 4.18 0.014 392 0, −60, −22

Note: *Regions that are included even though they are not significant following FDR correction as these areas are involved in olfaction, and with more subjects would have 
reached significance.
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use of different odors and their use of longer rest 
intervals between odor stimuli.

In contrast to broad activations of odor identification 
tasks in both primary and secondary olfactory regions, 
odor memory (OM) tasks have been found to activate 

mostly the primary olfactory cortex, particularly the piri-
form cortex.31 To the best of our knowledge, there are no 
published studies specifically investigating regional dif-
ferences in brain activations following odor memory 
fMRI tasks in elderly versus younger subjects. We 

Figure 2 Olfactory brain regions exhibiting greater activation for odor identification task than for odor memory task contrast.
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anticipated that OM tasks would activate the piriform 
cortex more significantly than would the OI task, but as 
we showed in the Supplementary data, both tasks equally 
activated the piriform cortex to a great extent. One 
possible reason why the piriform activation by the OM 
task did not significantly exceed piriform activation by 
the OI task is that age-associated biological factors could 
have imposed limitations to the extent of piriform acti-
vation by memory tasks. Alternatively, especially given 
that there was a trend toward greater piriform activation 
by the OM versus the OI task, it is possible that the 
superiority of OM-based piriform activation over OI- 
based piriform activation would be more statistically 
significant in larger clinical samples. Finally, it is also 
conceivable that the aging piriform cortex habituates 
even more quickly than in the general population. We 
used very brief, 10-second burst stimulation sequences, 
which Poelinger et al used to successfully activate the 
piriform cortex in the general population. In further 
support of our use of 10-second stimuli, we showed 
significant activation of the piriform by the OM task 
(Supplementary Table 1), and the only problem here is 
that OI equally activated the piriform in these 
participants.

This study also has implications for olfactory training 
using repetitive odor cognitive tasks in older adults. From 
this this perspective, repetitive presentations of odor 
identification tasks produce stronger engagement of pri-
mary and secondary olfactory cortex regions, and the 
hippocampus, compared to repetitive presentations of 
odor memory tasks in this population. An important 
question that arises is why the odor memory greater 
than odor identification (ie, OM > OI) contrast did not 
reveal significant differences in activation of nearby med-
ial temporal regions, such as parahippocampus and hip-
pocampus, which are usually engaged by odor memory 
tasks in younger cohorts. A possible explanation can be 
drawn from previous discoveries that secondary and 
higher-order central olfactory structures, which contri-
bute to odor identification, showed significant age- 
dependency during middle age and early part of aging, 

while the primary olfactory cortices – essential to episo-
dic odor memory – did not show significant age- 
dependency in these age groups.32 This is further sup-
ported by evidence of selective atrophy of secondary 
olfactory structures (eg, orbitofrontal cortex), but not 
the primary olfactory cortex during normal aging,33 and 
by our finding of relatively poor task performance for 
odor identification (ie, OI performance score) in compar-
ison to odor memory (OM performance score), reported 
in Table 1. Several studies support the notion that odor 
cognitive or training tasks which target regions more 
strongly impacted by age-related atrophy are more likely 
to elicit functional changes, compared to tasks that target 
regions that are relatively spared.32 This could partly 
explain why passive odor exposure strongly activated 
the piriform cortex in our study population, whereas the 
odor memory task was unable to do so.

This study can be viewed in the context of its numerous 
strengths and limitations. The sample size was small, which 
might have impacted the odor memory task and the lack of 
significant difference in primary olfactory cortex. This also 
limits our ability to conduct sub-group analysis, including 
sex- and ApoE genotype-specific effects. Another limitation 
is the possible effect of habituation on identification of pri-
mary cortex areas during odor cognitive fMRI paradigms. 
Our paradigm consisted of 10-second-long presentations of 
odorants separated by 20-second rest intervals. A previous 
study investigating regional patterns of activations and habi-
tuations suggest that primary olfactory regions habituate 
faster, usually after 10 seconds.18 Although the 10-second 
duration used in our study is within the window of time 
before desensitization or habituation in the latter study, it is 
possible that the 20-second rest intervals led to both shorter 
neural recovery times and greater signal drop-off in older 
individuals. Despite these limitations, this study makes 
a considerable advancement to the field by studying older 
US populations of African ancestry, who are often under- 
represented in biomedical and neuroscience studies, but who, 
at the same time, suffer higher prevalence of severe neuro-
degenerative diseases.

Table 3 Result of Analysis of Piriform Cortex Activation for the Odor Memory (OM) Task Greater Than Odor Identification Task (ie, 
OM > OI) Contrast. Greater Activation of the Piriform Cortex by OM > OI Contrast Was Not Statistically Significant

Brain Region Peak T Statistic FDR Cluster Corrected p-value Cluster Size MNI Coordinates

R Piriform 2.57 0.944 83 16, 0, −6

L Piriform 2.61 0.944 77 −20, −2, −8
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Conclusion
This investigation of BOLD signal responses to repetitive 
OI versus OM tasks shows that OI more potently engaged 
several olfactory brain regions, compared to OM tasks. 
Although both tasks activated the piriform cortex, no 
task was superior to the other in piriform activation.

The OI task, however, did significantly engage the hippo-
campus – a region relevant to Alzheimer’s disease – more 
significantly than did the OM task. Results from this study 
have important implications on the design of olfactory fMRI 
scanning paradigms that can be used in future studies of 
olfaction in older populations. Future studies in larger sam-
ples are needed to investigate whether important biological 
factors, such as ApoE genetic variations and neurodegenera-
tive changes, contribute to heterogeneity of the effects of 
repetitive odor cognitive tasks on brain functions.

Abbreviations
BOLD, Blood Oxygen Level Dependent; fMRI, functional 
magnetic resonance imaging; MCI, mild cognitive impair-
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