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Abstract

Objective: Detection of cognitive impairment suggestive of risk for Alzheimer’s disease (AD) progression is crucial to
the prevention of incipient dementia. This study was performed to determine if performance on a novel object
discrimination task improved identification of earlier deficits in older adults at risk for AD. Method: In total, 135
participants from the 1Florida Alzheimer’s Disease Research Center [cognitively normal (CN), Pre-mild cognitive
impairment (PreMCI), amnestic mild cognitive impairment (aMCI), and dementia] completed a test of object
discrimination and traditional memory measures in the context of a larger neuropsychological and clinical evaluation.
Results: The Object Recognition and Discrimination Task (ORDT) revealed significant differences between the
PreMCI, aMCI, and dementia groups versus CN individuals. Moreover, relative risk of being classified as PreMCI
rather than CN increased as an inverse function of ORDT score. Discussion: Overall, the obtained results suggest that a
novel object discrimination task improves the detection of very early AD-related cognitive impairment, increasing the
window for therapeutic intervention. (JINS, 2019, 25, 688–698)
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INTRODUCTION

Numerous clinical trials involving Alzheimer’s disease (AD)
therapeutics have failed due to an inability to reverse clinical
symptoms and gross cellular dysfunction once they are present
(Schneider et al., 2014). As a result, investigators have
attempted to target groups of older adults earlier in the disease
process, at an intermediate stage of cognitive decline between
cognitively normal (CN) aging and clinical dementia. These
older adults are at greater risk of progressing to AD-related
dementia compared to CN individuals, and can be classified
as “amnestic mild cognitive impairment (aMCI)” or “pre-mild
cognitive impairment (PreMCI).” Individuals who meet
research criteria for PreMCImay have subjective cognitive def-
icits with normal-range performance on cognitive assessments

and, therefore, do not meet formal diagnostic criteria for aMCI.
Individuals with PreMCI may also be identified by having
nonnormal performance on cognitive assessments without
subjective cognitive decline, cognitive decline identified by
knowledgeable informants, or clinically identified impairment.
Crucially, individuals with PreMCI are 6 times more likely to
progress to aMCI or dementia over time compared to their CN
peers (Loewenstein et al., 2012). Individuals with aMCI are 7
timesmore likely to progress to dementia compared to their CN
counterparts (Duara et al., 2011). Identifying neurocognitive
probes that are sensitive to decline at such early stages is a criti-
cal step in identifying patients who may benefit from therapeu-
tics designed to prevent or delayADonset (Snyder et al., 2014).

Memory impairment figures prominently into the diagnos-
tic criteria of aMCI (Caselli et al., 2014), since the site of the
earliest appearance of tangle pathology in AD is the transen-
torhinal cortex, or Area 35 of the perirhinal cortex (PRC),
which is a major source of input into the hippocampal
memory system (Braak & Braak, 1991; Khan et al., 2014).
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Notably, studies in patients diagnosed with prodromal aMCI
revealed atrophy in the medial aspect of the PRC prior to the
lateral PRC (Krumm et al., 2016). Additionally, regional tau
deposition has been shown to correlate with atrophy of
bilateral PRC in early AD (Sone et al., 2017), and has been
shown to be relatively better than amyloid accumulation in
predicting future cognitive decline (Huber et al., 2017; Qiu
et al., 2017). Therefore, investigating early sites of tau dep-
osition like the PRC is critical to identifying early markers
of AD-related cognitive decline.

The PRC is located on the ventral surface of the temporal
lobe, lateral to the entorhinal cortex and anterior to the para-
hippocampal cortex. The PRC receives its primary inputs
from unimodal sensory systems, such as the primary visual
cortex and visual association cortices, which it then con-
veys to downstream brain regions as multimodal, three-
dimensional object representations based on specific features
of the perceived stimulus. The role the PRC plays in feature
binding is important in object recognition and discrimination,
as this computation leads to the identification of objects based
on unique configurations of features (Barense et al., 2010;
Devlin & Price, 2007). Results of primate and rodent experi-
ments show that the PRC is more active when discriminating
among objects that share common features (Buckley &
Gaffan, 1997; Bussey et al., 2003; Cowell et al., 2006).
Interestingly, the medial PRC, which is more vulnerable to
early AD disease processes, has been specifically shown
to be associated with disambiguation of confusable object
(Kivisaari et al., 2012). The PRC has also been shown to sup-
port recognition of the same object presented from different
viewpoints, allowing for the identification of a unique object
that shares features with rotated copies of a nontarget object
in an oddity discrimination task in human (Lee et al., 2005)
and animal studies (Buckley et al., 2001). The location of
the PRC at the anatomical nexus of cortical inputs to the
medial temporal lobe memory system, as well as its involve-
ment in processing 3D object representations, supports
the involvement of the PRC in both mnemonic and visual–
perceptual abilities (Bussey et al., 2003; Murray & Bussey,
1999). As a result, tasks that tap such “pre-mnemonic”
processes, like object recognition and discrimination, may
have additional utility in the detection of incipient cognitive
impairment. In fact, it has been argued that evaluating the
structure and function of the ventral processing stream
may reveal subtle deficits present in very early AD (Kurylo
et al., 1996) and cognitively impaired aging (Fidalgo
et al., 2016).

In human clinical studies, when lure items share a high
degree of featural similarity with the familiar target items,
individuals at risk for AD present with high rates of false
recognition, tending to recognize novel objects as familiar
(Yeung et al., 2013). These studies suggest that PRC dysfunc-
tionmay underlie recognitionmemory and perceptual deficits
that are common in early AD. However, few researchers have
implemented object discrimination tasks in humans to aid in
identification of risk of AD progression (Mason et al., 2017;
Newsome et al., 2012), and no studies have investigated the

sensitivity of these tasks to more subtle cognitive changes
seen in PreMCI.

The Object Recognition and Discrimination Task (ORDT)
used in this study is modeled after similar tasks used in rodent
(Bartko et al., 2007; Johnson et al., 2017) and primate (Burke
et al., 2011; Bussey et al., 2003) literature and adapted from a
visual discrimination (“oddity”) task first used in humans by
Devlin and Price (Devlin & Price, 2007). The purpose of
the current investigation was to determine the utility of the
ORDT in the identification of very early cognitive changes seen
in PreMCI and aMCI participants. Our central hypothesis was
that the ORDT would contribute to the prediction of current
early cognitive change because it taps key functions of the PRC.

METHOD

In total, 143 participants from theWien Center for Alzheimer’s
Disease andMemoryDisorders atMount SinaiMedical Center
inMiami Beach, Florida, were recruited as part of the National
Institute on Aging (NIA)-sponsored 1Florida Alzheimer’s
Disease Research Center (1Florida ADRC). The sample was
40% male and 56% Hispanic/Latino. Institutional Review
Board (IRB) approval was obtained at the Mount Sinai
Medical Center, and it was allowed for sharing of de-identified
patient information with collaborators at the University of
Florida. Informed consent was obtained from all participants
and study partners.

Participants

All participants had an informant age 18 or older who could
be present at the participant’s first appointment and provide
reliable collateral information. Participants were able to read
at the 6th grade reading level [Wide Range Achievement
Test, 4th edition (WRAT-IV; Wilkinson & Robertson,
2006) for English speakers and the Woodcock-Muñoz
Language Survey-Revised (WMLS-R; Woodcock et al.,
2005) or Word Accentuation Test (WAT; Krueger et al.,
2006) for Spanish speakers]. If on medications, participants
were required to be on steady dosages for 2 months or longer,
and participants were not excluded if they were on memory-
enhancing drugs. This included acetylcholinesterase inhibi-
tors or other related medications that are prescribed by
physicians for the treatment of MCI. Additional demographic
and descriptive data are contained in Table 1.

Exclusion criteria included the following: (1) sensory loss
or motor impairments significant enough to interfere with the
participant’s ability to complete a battery of neuropsycho-
logical tests; (2) previous stroke or other unrelated neurologi-
cal disorder known to affect cognition (i.e. moderate-severe
traumatic brain injury, seizure disorder, multiple sclerosis,
Parkinson’s disease, etc.); (3) current or past history of major
psychiatric disturbance with hospitalization, active psycho-
sis, bipolar disorder, current major depressive episode, or
current or past history of alcohol or substance abuse within
the 6 months prior to the first appointment; and (4) use of
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medications with anticholinergic properties (i.e. antipsy-
chotics, sedatives, etc.).

Clinical Evaluation

As part of their participation in the Clinical Core at the
1Florida ADRC, each participant completed thorough
clinical testing which included a physical and neurological
examination performed by an experienced bilingual geriatric
psychiatrist. Additionally, participants and their informants
underwent a comprehensive interview designed to provide
information sufficient for completing the Clinical Dementia
Rating (CDR) Scale (Rockwood et al., 2000). Clinicians
performing these evaluations were blinded to the participant’s
neuropsychological test scores. Additional assessments, the
results of which are not reported here, included the National
Alzheimer’s Coordinating Center neuropsychological battery,
and, whenever possible, neuroimaging studies including MRI
and amyloid Positron Emission Tomography (PET) scans.

Neuropsychological Assessment

Participants were administered standardizedmemorymeasures,
such as the Hopkins Verbal Learning Test-Revised (HVLT-R;
Benedict et al., 2010) and the National Alzheimer’s
Coordinating Center (NACC) Delayed Paragraph Recall subt-
est (NACC-DR; Elwood, 1991). Additional tests included the
Trail Making Test (Tombaugh, 2004), Category Fluency (ani-
mals, fruits, and vegetables; Loonstra et al., 2001), letter
fluency (Lezak et al., 2004) as well as WAIS-R Block Design
(Snow et al., 1989) and Digit Span of the NACC Uniform Data
Set (UDS) (Weintraub et al., 2009). As discussed below,
age- and education-corrected delayed recall scores for the
memory measures were used in determining final diagnosis.

Spanish language testing with equivalent standardized
neuropsychological tests was completed for primary Spanish
speakers. Primary language was determined by ascertaining
the language the participant uses most often, feels more
comfortable speaking, and used in completing the majority of
their education. Tests given for primary Spanish speakers had
appropriate age, education, and cultural/language normative

data for the translated version. Testing was performed by
proficient Spanish/English psychometricians.

Diagnostic Criteria

Participant diagnosis utilized the following criteria as well as
NACC UDS criteria, with final diagnostic decisions being
made by consensus diagnosis (see Table 2).

Cognitively normal

(1) No subjective memory complaint evidenced from the par-
ticipant or study partner; (2) Mini-Mental State Examination
(MMSE) score> 26; (3) global CDR Scale of 0 [CDR Sum of
Boxes (CDR-SB) = 0]; (4) scores less than 1 SD below
expected levels on measures of delayed recall of the
HVLT-R and NACC memory for passages based on appro-
priate age, educational, and cultural norms; (5) no reported
functional impairment in independent activities of daily liv-
ing by the participant or study partner; (6) does not meet
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V) criteria for minor or major neurocog-
nitive disorder; and (7) no scores less than−1 SD on any other
neuropsychological test.

PreMCI-Clinical (Loewenstein et al., 2012)

(1) Evidence of subjective memory complaint and cognitive
decline verified by study partner; (2) MMSE > 24; (3) global
CDR Scale of 0.5 (CDR-SB = 0.5–2.0); (4) no neuropsycho-
logical impairment on measures of delayed recall of the
HVLT-R and NACC memory for passages as specified in
the criteria for the CN group; (5) no significant functional
impairment in independent activities of daily living by the
participant or study partner; (6) does not meet DSM-V criteria
for minor or major neurocognitive disorder; and (7) no scores
< −1 SD on any other neuropsychological test.

PreMCI-Neuropsychological (Loewenstein et al., 2012)

(1) No evidence of subjective memory or cognitive decline
after an extensive interview with the participant and the

Table 1. Participant demographic information.

CN (N= 23) PreMCI (N= 20) aMCI (N= 76) Dementia (N= 16)

Age 72 ± 4.38 74 ± 5.15 75 ± 6.83 76 ± 6.66
Years of education 15 ± 3.28 16 ± 3.32 14 ± 3.42 16 ± 2.78
Primary language (E/S/Other) 10/13/0 11/7/2 32/41/3 7/7/2
Gender of participant (M/F) 8/15 7/13 31/45 8/8
HVLT-R Delayed Recall 7.35 ± 3.06 6.53 ± 4.48 1.96 ± 2.81 0.31 ± 1.25
NACC-DR Delayed Recall 11.43 ± 3.80 11.85 ± 4.34 7.40 ± 4.07 2.53 ± 3.54
ORDT-DO % accuracy 86.5% ± 8.04 78.0% ± 15.93 68.03% ± 17.28 60.63% ± 17.02
ORDT-DO median RT 2.81 ± 0.62 3.07 ± 0.81 3.19 ± 0.64 3.53 ± 0.83

Participant demographic information illustrated for all 135 participants included in the final analyses. CN = cognitively normal; PreMCI = pre-mild cognitive
impairment; aMCI= amnestic mild cognitive impairment; E = English; S= Spanish; M=Male; F= Female; RT= reaction time. Note: Error terms included are
standard deviation.
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collateral informant; (2) MMSE score > 24; (3) global CDR
Scale of 0.0 (CDR-SB = 0); (4) scores −1.5 SD or below on
measures of delayed recall of the HVLT-R and/or NACC
memory for passages; (5) no significant functional impair-
ment in independent activities of daily living; (6) does not
meet DSM-V criteria for minor or major neurocognitive
disorder.

In the current study, the two PreMCI groups were com-
bined for analysis, based on previous results indicating that
the two groups had equivalent risk of progression to impair-
ment (Loewenstein et al., 2012).

Amnestic MCI

(1) Evidence of subjective memory complaint verified by
study partner; (2) MMSE score > 24; (3) global CDR
Scale of 0.5 (0.5 < CDR-SB < 4); (4) scores −1.5 SD or
below on measures of delayed recall of the HVLT-R and
NACC memory for passages; (5) no significant functional
impairment; (6) does not meet DSM-V criteria for major
neurocognitive disorder.

Dementia

(1) Evidence of subjective memory complaint verified by
study partner; (2) MMSE score > 18; (3) global CDR
Scale of 1.0 (CDR-SB > 4); (4) scores 2 SD or more below
expected levels on measures of delayed recall of the HVLT-R
and NACC memory for passages; (5) significant functional
impairment in activities of daily living; (6) meets DSM-V cri-
teria for major neurocognitive disorder; and (7) other neuro-
psychological scores may be 1.5 SD or more below expected
levels.

Object Recognition and Discrimination Task

The ORDT was adapted from a visual discrimination
(“oddity”) task used by Devlin and Price (Devlin &

Price, 2007). Original stimuli were obtained with permission
from the authors and were presented on a laptop or desktop
computer using E-Prime software (Psychology Software
Tools).

Sample stimuli from the ORDT are presented in Figure 1.
On each trial, participants were shown a horizontal array of
four stimuli (Nonobjects, Shapes, Colors, and Animals).
Nonobjects were photographs of models created from build-
ing blocks, resulting in entities that were not found in the real
world. On each trial, three of the stimuli depicted the same
object or entity, while the fourth stimulus was a different
object/entity. The participant was asked to identify the
different stimulus (the “target”) as quickly and as accurately
as possible. Trial conditions included object type and diffi-
culty level (Easy and Difficult). Trial difficulty and object

Table 2. Algorithmic diagnostic criteria.

Cognitively
normal PreMCI-Clinical

PreMCI-
Neuropsychological aMCI Dementia

Memory complaint? × ✓ × ✓ ✓

MMSE ≥26 ≥24 ≥24 ≥24 ≥18
Global CDR 0 .25 0 .5 1.0
Delayed Recall
(HVL T-R, LM-1D)

≤ 1.0 SD below
normal

≤ 1.0 SD below
normal

≥ 1.5 SD below
normal

≥ 1.5 SD below
normal

≥2 SD below
normal

Other cognitive domains No scores ≤
−1.0 SD

No scores ≤
−1.0 SD

No scores ≤
−1.0 SD

No scores ≤
−1.0 SD

May be ≤
−1.5 SD

Functional impairment × × × Some ✓

Major neurocognitive disorder × × × × ✓

Participant diagnosis was determined following completion of thorough clinical testingwhich included a physical and neurological examination performed by an
experienced bilingual geriatric psychiatrist. Additionally, participants and their informants underwent a comprehensive interview designed to provide
information sufficient for completing the CDRScale. Clinicians performing these evaluations were blinded to neuropsychological test scores. Additional assess-
ments, the results of which are not reported here, included the National Alzheimer’s Coordinating Center neuropsychological battery.

Fig. 1. Representation of standard trials of the ORDT. On each
trial, participants were shown a horizontal array of four stimuli
(Nonobjects, Shapes, Colors, and Animals). Nonobjects were photo-
graphs of models created from building blocks, resulting in entities
that were not found in the real world. Task conditions included object
type and difficulty level (Easy and Difficult). In the “easy” condition,
the three nontarget items were all presented in the same orientation.
In the “difficult” condition, the three nontarget items are rotated indi-
vidually (horizontally or vertically) in picture plane. In this way, suc-
cess on the “difficult” condition requires the participant to recognize
that the three nontarget items are the same entity even though their
appearance is changed by rotation.
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type were varied throughout the test, such that the trial
conditions were interspersed randomly within the stimulus
train. In the “easy” condition, the three nontarget stimuli were
all presented in the same orientation. In the “difficult” condi-
tion, the three nontarget stimuli are rotated individually
(horizontally or vertically) in picture plane. In this way,
success on the “difficult” condition requires the participant
to recognize that the three nontarget stimuli are the same
entity even though their appearance is changed by rotation.
This study reports performance on the “Difficult Objects”
trials only (Difficult Animals andDifficult Nonobjects), since
it was this condition that was specifically associated with
bilateral PRC activation in Devlin & Price’s original study
(Devlin & Price, 2007). The decision to combine difficult
objects trials was further supported by nonsignificant
findings described in the Results section. Responses, as well
as latency and accuracy of response, were logged with
E-Prime software.

The Introduction and Practice phase consisted of visually
presented instructions that were also spoken aloud by the
test administrator. Then, the task began with 16 “easy” prac-
tice trials drawn from the stimulus sets described above.
Participants had unlimited time to complete these trials.

The experimental task consisted of 40 trials in each test
condition, presented for 6 s with a 1-s intertrial interval.
Stimuli for each trial remained on the screen for 6 s or until
a participant response was recorded.

Analysis

Parametric analyses of variance were used to determine if
there were significant group differences in age and years of
education. Pearson chi-square tests were employed to deter-
mine if there were significant group differences in primary
language and gender of participants between diagnostic
subgroups.

Prior to completing the proposed analyses involving
both the difficult animal and difficult nonobject conditions in
one score, a repeated- measures ANOVA was completed
with Log-transformed, standardized versions (Z) of accuracy
scores for each condition, separately. If no statistical difference
was determined, then the conditionswould be combined aswas
initially intended and shown in the original study (ORDT-DO;
Devlin & Price, 2007). Diagnostic subgroup was included as a
between-subjects factor and interaction term.

Following these analyses and combination of the “difficult
objects” trials, additional two-way ANOVAs were completed
to assess the effect of primary language and gender on
ORDT-DO performance, as well as interaction effects of either
of these variables and diagnostic subgroup on ORDT-DO
performance. An ANOVA was also completed to determine
whether there were significant groupmean differences inmedian
reaction time on correct trials of theORDT-DO across diagnostic
subgroups.

We found unequal sample variance estimates across
groups for the HVLT-R and ORDT-DO. Because of this,

log-transformed standardized versions (Z) of the HVLT-R,
NACC-DR, and ORDT-DO were used to determine if there
were group differences in task performance related to clinical
diagnosis. Following significant omnibus test findings,
Bonferroni-corrected pairwise comparisons were performed
in order to elucidate specific group mean differences.
Nontransformed means (M) and standard deviations (SD)
were reported and presented graphically for ease of interpret-
ability. Independent samples t tests were also performed with
these transformed Z scores to determine differences in task
performance between participants in the CN and PreMCI
groups. Additionally, because the average of the delayed
recall score on one of the standard memory tests (HVLT-R)
suggested floor performance of the dementia group, all
analyses of variance and chi-square tests were completed
again, excluding the dementia group, to ensure that previ-
ously obtained relationships were preserved. Further analyses
of demographic and neuropsychological variables were also
completed for the PreMCI group separated into its subgroups
(PreMCI-Clinical, PreMCI-Neuropsychological) in order to
determine if these subgroups evidenced significant group
mean differences that would merit their separation in future
analyses.

A multinomial logistic regression was performed to deter-
mine whether task performance contributed to prediction of
diagnostic group membership. The dependent variable was
diagnostic subgroup, and all groups except the dementia
group were included due to the aforementioned floor effect
of the HVLT-R. The CN group was the reference category.
Independent variables for the first version of this analysis
included the transformed, standardized version (Z) of the
HVLT-R, NACC-DR, and the ORDT-DO. A version of this
analysis was also completed that included age and years of
education as covariates due to the known relationship
between both variables and memory and cognitive task
performance in older adults.

P values of less than .05 were considered statistically
significant.

RESULTS

Of the original 143 participants who were screened for task
participation, 8 participants were unable to complete the
ORDT due to cognitive impairment (N = 4), visual impair-
ment (N = 1), refusal to participate (N = 1), and computer
error (N = 2). Overall, 135 participants were included in
the final analyses (Table 1; CN: N = 23; PreMCI: N = 20;
aMCI:N= 76; Dementia:N= 16). Age of participants ranged
from 65 to 97 years. Participant education ranged from
4 years to 20 years. No significant group differences were
found in average age, years of education, primary language,
or gender (Age: F[3,129] = 1.80, p = .15; Education: F[3,133] =
2.04, p = .11; Primary Language: X2

[3] = 1.90, p = .59;
Gender: X2

[3] = 1.16, p = .76). There were more English
speakers than Spanish speakers in each group and there were
variable ratios of males to females.
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Additional analyses indicate that the average scores of
each diagnostic subgroup on the HVLT-R and NACC-DR
mirror age-matched decline across diagnostic subgroups with
increasing amnestic impairment, suggesting that findings
from the following analysis most likely reflect normative
performance of these populations.

ORDT-specific Analyses

First, analyses were completed to determine whether there
were significant differences between “difficult nonobjects”
and “difficult animals” conditions on the ORDT. There
was not a main effect of task condition (F[1,131] = 0.79,
p= .37) or an interaction between task condition and diagnos-
tic subgroup (F[3,131] = 0.37, p = .77). Therefore, a single
“difficult objects” performance score (ORDT-DO) was used
in subsequent analyses.

In terms of primary language, there was not a main effect
of primary language or an interaction effect of primary
language and diagnostic subgroup on ORDT-DO perfor-
mance (F[1,120] = 0.06, p = .81; F[3,120] = 0.65, p = .56).
In terms of participant gender, there was not a main effect
of gender or an interaction effect of gender and diagnostic
subgroup on ORDT-DO performance (F[1,127] = 0.07,
p = .79; F[3,127] = 0.15, p = .93).

There was a significant difference in median reaction
time for correct trials of the ORDT-DO across diagnostic
subgroups (F[3,134] = 3.70, p= .01, η2p = .08). Pairwise com-
parisons with Bonferroni correction revealed group mean
differences between only the CN and dementia groups
(CN: M = 2.81 s, SD = 0.62; Dementia: M = 3.53 s,
SD = 0.83).

Group Differences

As would be expected due to the inclusion of traditional mea-
sures in defining diagnostic subgroups (incorporation bias;
(Weissberger et al., 2017), there were statistically significant
differences between diagnostic subgroups in performance on
both traditional memory measures, as well as the ORDT-DO
(Figure 2; HVLT-R: F[3,131] = 28.21, p < .001, ηp2 = .40;
NACC-DR: F[3,133] = 25.95, p < .001, ηp2 = .37; ORDT-
DO: F[3,134] = 8.74, p < .001, ηp2 = .17). Pairwise compar-
isons with Bonferroni correction revealed group mean
differences between the CN and the aMCI and dementia
groups [HVLT-R (CN: M = 7.35, SD = 3.06; aMCI:
M = 1.96, SD = 2.81; Dementia: M = 0.31, SD = 1.25);
NACC-DR (CN: M = 11.43, SD = 3.80; aMCI: M = 7.40,
SD = 4.07; Dementia: M = 2.53, SD = 3.54); ORDT-DO
(CN: M = 86.5, SD = 8.04; aMCI: M = 68.03, SD =
17.28; Dementia: M = 60.63, SD = 17.02)]. Importantly,
when an independent samples t test was performed compar-
ing the CN and PreMCI groups, only the ORDT-DO revealed
significant group mean difference in test scores (t[23.93] =
2.18, p = .04, Cohen’s d = 0.61). The traditional neuro-
psychological measures failed to discriminate between these

two groups, as would be expected based on diagnostic
criteria for these subgroups (NACC-DR: t[41]= 0.43, p= .93;
HVLT-R: t[28.29] = 1.33, p = .20).

When the dementia group was removed and previous
analyses were rerun, all relationships were preserved.

Analyses of the PreMCI group revealed that 11 partici-
pants met criteria for PreMCI-Clinical (N = 11) and 9
participants met criteria for PreMCI-Neuropsychological
(N = 9; Table 3). There were no significant differences
between the PreMCI subgroups in terms of primary language
or gender of participants (Primary Language: X2

[1] = 0.08,
p = .78; Gender: X2

[1] = 0.02, p = .89). Additionally, there
were no significant differences between the PreMCI sub-
groups in terms of age or years of education (Age: F[1,18] =
0.03, p = .86; Years of Education: F[1,18] = 0.001, p = .97).
Comparisons of the PreMCI subgroups across test variables

–4.0
–3.5
–3.0
–2.5
–2.0
–1.5
–1.0
–0.5
0.0
0.5
1.0

CN PreMCI aMCI Dementia

Z-
Sc
or
e

HVLT-R
NACC-DR

ORDT-DO

Fig. 2. Graphical representation of performance of clinical diagnos-
tic subgroups compared to the CN group on traditional memorymea-
sures and the ORDT. There were statistically significant differences
between diagnostic subgroups in performance on both traditional
memory measures, and also the ORDT-DO (HVLT-R: F[3,131] =
28.21, p < .001, ηp2 = .40; NACC-DR: F[3,133] = 25.95,
p < .001, ηp2 = .37; ORDT-DO: F[3,134] = 8.74, p < .001, ηp2 = .17).
Pairwise comparisons with Bonferroni correction revealed group
mean differences between the CN and the aMCI and dementia groups
[HVLT-R (CN: M = 7.35, SD = 3.06; aMCI: M = 1.96, SD = 2.81;
Dementia:M = 0.31, SD = 1.25); NACC-DR (CN:M = 11.43, SD=
3.80; aMCI: M = 7.40, SD = 4.07; Dementia: M = 2.53,
SD = 3.54); ORDT-DO (CN: M = 86.5, SD = 8.04; aMCI:
M = 68.03, SD = 17.28; Dementia: M = 60.63, SD = 17.02)].
Importantly, when an independent samples t test was performed
comparing the CN and PreMCI groups, only the ORDT-DO revealed
significant group mean difference in test scores (t[23.93] = 2.18,
p = .04, Cohen’s d = 0.61). The traditional neuropsychological
measures failed to discriminate between these two groups, as would
be expected based on diagnostic criteria (NACC-DR: t[41] = 0.43,
p= .93; HVLT-R: t[28.29]= 1.33, p= .20). CN= cognitively normal;
PreMCI = pre-mild cognitive impairment; aMCI = amnestic mild
cognitive impairment; NACC Delayed Paragraph Recall (NACC-
DR); Hopkins Verbal Learning Test-Revised (HVLT-R); Object
Recognition and Discrimination Task Difficult Objects Trials
(ORDT-DO). Note: Standard nontransformed scores compared to
the CN group are presented, error bars equivalent to standard error
of the mean.
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revealed no significant group mean differences (ORDT-DO:
F[1,19] = 0.10, p = .75; ORDT-DO Reaction Time Correct
Trials: F[1,19] = 0.08, p = .79; NACC-DR: F[1,19] = 0.33,
p = .58), although the difference between these subgroups
on the HVLT-R trended toward significant (HVLT-R:
F[1,18] = 3.91, p = .06). Taken together, these findings
justified combining the PreMCI subgroups in subsequent
analyses.

Multinomial Regression

The first model included performance variables of the two tra-
ditional memory measures and the ORDT-DO. According to
the model fitting information, the final model was statistically
significant (X2

[6] = 69.69, p < .001). Neither Pearson nor
Deviance Chi-Square tests were significant, which also sup-
ports the goodness of fit of the model (Pearson: X2

[214] =
218.67, p = .40; Deviance: X2

[214] = 140.02, p = 1.00).
According to the tests of likelihood ratios, the traditional
memory measures contributed to prediction of current
diagnosis over the reduced model (HVLT-R: X2

[2] = 18.60,
p < .001; NACC-DR: X2

[2] = 8.27, p = .02). The model,
which includes all three measures, represented a significant
increase in classification accuracy over accuracy achieved
by chance alone (Classification Accuracy = 75.0%). The
ORDT-DO was also a statistically significant predictor in
the model (X2

[2] = 15.92, p < .001).
According to the parameter estimates, only the ORDT-DO

contributed to prediction of current PreMCI group member-
ship compared to the CN group (Wald[1] = 5.26, p = .02,
Exp(B) = 0.60). This finding suggests that, given a one-unit
increase in standardized ORDT-DO score, there is a 40%
reduction in the odds of a participant being identified in
the PreMCI group when other variables in the model are held
constant.

When predicting current aMCI group membership over
CN group membership, HVLT-R and ORDT-DO were
both significant (HVLT-R Wald[1] = 10.87, p < .001,

Exp(B) = 0.45; ORDT-DO: Wald[1] = 9.52, p = .002,
Exp(B) = 0.50), while NACC-DR was not significant
(NACC-DR: Wald[1] = 2.77, p = .10).

When including age and education, the final model was
statistically significant (X2

[10] = 72.12, p < .001). According
to the tests of likelihood ratios, HVLT-R, NACC-DR, and
ORDT-DO remained statistically significant predictors in
the model. However, age and years of education were not
significant (Age: X2

[2] = 0.37, p = .83; Years of Education:
X2

[2] = 1.32, p = .52), suggesting that these variables did not
provide unique contributions to the model. Therefore, this
model was not considered in final discussion.

DISCUSSION

Although traditional memory measures are sufficiently sensi-
tive to general memory impairments found in later stages
of AD (Bilgel et al., 2014; Petersen et al., 1999), use of such
“blunt” measures and diagnostic methods may lead to high
rates of over- and underdiagnosis of MCI (Edmonds et al.,
2015, 2016). The current study suggests that a novel measure
of object discrimination that assesses a primary function of
the PRC increased the correct identification of individuals
with subtle cognitive impairment associated with risk of AD
progression. Moreover, using visual tasks like the ORDT that
employ less culturally or educationally dependent paradigms
and stimuli allows for the creation of linguistically and
culturally valid normative scores, which is increasingly
important as the older adult population in the US rapidly
diversifies (Snyder et al., 2014). As the ORDT has in the cur-
rent study, visual discrimination tasks have been investigated
in international populations for the detection of early impair-
ment related to MCI (Alegret et al., 2009).

Notably, the PRC has also been shown to be vulnerable to
age-related physiological changes (Burke et al., 2014, 2011;
Johnson et al., 2017; Maurer et al., 2017; Moyer et al., 2011).
These changes have been shown to affect object discrimina-
tion performance in both animals (Gaynor et al., 2018;

Table 3. PreMCI subgroup specific demographic information.

PreMCI-Clinical
(N= 11)

PreMCI-Neuropsychological
(N = 9) p Values

Age 74 ± 5.70 75 ± 4.66 .86
Years of education 16 ± 3.82 16 ± 2.75 .97
Primary language (E/S/Other) 7/4/0 4/3/2 .78
Gender of participant (M/F) 4/7 3/6 .89
HVLT-R Delayed Recall 8.40 ± 3.50 4.44/−4.69 .06
NACC-DR Delayed Recall 12.18 ± 4.22 11.44 ± 4.72 .58
ORDT-DO % accuracy 78.64% ± 14.33 77.22% ± 18.56 .75
ORDT-DO median RT 3.12 ± 0.88 3.02 ± 0.75 .79

PreMCI subgroup-specific demographic information illustrated for all PreMCI participants. As is illustrated by the p values included,
there were no significant differences found between the PreMCI subgroups in terms of primary language, gender of participants,
age, or years of education. Comparisons of the PreMCI subgroups across test variables also revealed no significant group mean
differences, although the difference between these subgroups on the HVLT-R trended toward significant. PreMCI = pre-mild cognitive
impairment; E = English; S = Spanish; M =Male; F = Female; RT= Reaction Time. Note: Error terms included are standard deviation.
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Johnson et al., 2016, 2017) and humans (Ryan et al., 2012;
Yeung et al., 2013). Because of this, it will be important to
pursue further refinements of functionally specific tasks that
are differentially sensitive to normal and pathological aging.
The results of the current study provide an initial step in this
regard, since the ORDT was able to differentiate the perfor-
mance of CN older adults from those with PreMCI, aMCI,
and dementia. These findings are similar to those found by
Barense et al. (2012), who identified deficits in discrimination
of high-ambiguity objects within high-interference stimulus
trains in patients with medial temporal lobe damage including
the PRC. Although our study only considered performance
on the target condition, target trials were interspersed in the
stimulus train with both low- and high-ambiguity stimuli,
suggesting that the declining performance of our participant
groups with greater predicted medial temporal lobe dysfunc-
tion on target trials is at least partially related to the presence of
highly interfering stimuli throughout the test.

Notably, we did not identify significant differences in
ORDT-DO performance between PreMCI group participants
that met criteria for either PreMCI-Neuropsychological or
PreMCI-Clinical, suggesting that ORDT-DO deficits are
present in PreMCI with or without impaired performance on
traditional memory measures. The even ratio of PreMCI-
Neuropsychological and PreMCI-Clinical participants most
likely impacted the calculated average performance of this
group on traditional memory measures. However, we did
not identify significant differences in the performance of these
groups on traditional memory measures, although there was
one trend toward significance that suggested the PreMCI-
Neuropsychological group performed worse on the HVLT-R
compared to the PreMCI-Clinical group. The current sample
is not large enough to have power to investigate these diagnos-
tic groups separately. In future studies, whenwe have accrued a
larger group of participants meeting criteria for PreMCI-
Neuropsychological and PreMCI-Clinical, we will investigate
these subgroups and their relationship to neuroimaging
measures and risk of progression. We are most interested in
investigating the ORDT-DO in identification of the PreMCI-
Clinical subgroup, as we would like to examine whether the
ORDT can detect cognitive impairment prior to traditional
memory measures.

The utility of the ORDT in detecting very early cognitive
change may depend on the presence of “typical” pathological
spread, starting in the transentorhinal cortex and affecting the
hippocampus and its efferent targets (Kurylo et al., 1996). If
true, this would suggest that the ORDTwould show less early
sensitivity to onset of non-AD pathology or AD pathology
that begins atypically in other brain regions. Performance
on the ORDT is currently being evaluated in our laboratory
in the context of structural and functional neuroimaging data
on these participants in order to determine if “typical” disease
progression is predictive of ORDT task performance.

Unfortunately, measures such as structural MRI volumes or
cortical thickness may show minimal changes in the PreMCI
state (Duara et al., 2013). Specifically, cognitive aging studies
support the presence of functional neurophysiological change

prior to pathological neurodegeneration in older adults
exhibiting cognitive impairment (Burke & Barnes, 2006). This
suggests the need for considering other measures of the integ-
rity of the functional brain connectome such as fMRI, amyloid,
or tau PET (Brooks & Loewenstein, 2010). It will be particu-
larly important to determine how connections of the PRC to
other task-relevant structures affect ORDT performance. For
example, because “difficult” discriminations are achieved by
rotation of nontarget stimuli, it is possible that posterior parietal
cortex, which has reciprocal connections with the PRC and
medial temporal lobe, also supports task completion (Harris
et al., 2018). If this is true, the ORDT-DO may be capturing
the combined insult of both early pathological tau and amyloid
plaque accumulation, supporting its impressive sensitivity to
the earliest brain changes related toAD.However, as wasmen-
tioned previously, the PRC has been shown to support identi-
fication of same stimuli presented at different viewpoints, and
may be primarily involved in ORDT-DO task performance as
was suggested by Devlin and Price (2007) in their original
study. Other structures that likely contribute to object recogni-
tion and discrimination abilities include the hippocampus,
dorsolateral prefrontal cortex, and anterior cingulate cortex.

A potential weakness of the study is that primary analyses
involved assessing the ORDT-DO against traditional memory
measures in identification of significant differences between
diagnostic subgroups. These traditional memory measures
were used for constructing diagnostic subgroups, which would
be assumed to give them an advantage in predicting group
differences. In fact, the ORDT was also able to identify
differences between the CN group and both the dementia
and aMCI groups, aswell as the identification of PreMCI group
membership compared to CN group membership, when
controlling for all other measures. Thus, findings from the cur-
rent study support the superiority of the ORDT in comparison
to traditional memory measures in identifying individuals with
subtle cognitive decline.

Another important limitation to consider in the current
study is that it is cross-sectional, so the object discrimination
deficits were evaluated across individuals at only one-time
point. Since the data reported here are part of a longitudinal
study, follow-up evaluation of these participants is ongoing
and will allow us to determine whether ORDT performance
predicts case-wise longitudinal decline in performance over
time and, specifically, progression to clinical AD (verified
by amyloid PET and, where available, autopsy).

Although the study supports the use of an object discrimi-
nation task as an independent measure of early cognitive
impairment related to AD, performing well alongside
traditional memory measures actually used in the diagnostic
process, accurate diagnosis, or prediction of cognitive decline
will likely not be provided by any single measure of perfor-
mance, anatomy, or pathology. Creating a composite medial
temporal lobe-functioning score, in which performance
data are combined with premortemmeasures of AD structural
changes and pathology, may emerge as the most useful
approach to identifying incipient impairment (Schneider
et al., 2014). The success of such a composite depends on

Object discrimination detects cognitive impairment 695

https://doi.org/10.1017/S1355617719000316 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617719000316


identifying the most sensitive and process-specific cognitive
measures available. This is especially important in determin-
ing the true underlying pathology of individuals in the current
study diagnosed as PreMCI or aMCI. Future studies will
employ the ORDT as well as other cognitive, anatomical,
and pathological measures of early impairment [i.e., recovery
from proactive semantic interference (Loewenstein et al.,
2016, 2018), volumetric measures of temporal lobe anatomy,
PRC thinning, and amyloid load]. Employing a composite
score will refine our ability to provide early detection of those
patients at risk for development of AD, thus expanding
opportunities for targeted therapeutic intervention.
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