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Abstract

Background: Individuals with probable Alzheimer disease (AD) may perform below cutoffs on 

traditional, memory-based performance validity tests (PVTs). Previous studies have found success 

using event-related potentials (ERPs) to detect feigned neurocognitive impairment in younger 

populations.

Objective: To evaluate the utility of an auditory oddball task in conjunction with the P3b peak 

amplitude to distinguish probable AD from simulated dementia.

Method: Twenty individuals with probable AD and 20 older healthy controls (HC) underwent 

an ERP auditory oddball protocol and the Test of Memory Malingering (TOMM). The HC 

were asked to perform honestly for one condition and to simulate dementia for the other. The 

individuals with probable AD were asked to perform honestly. The P3b peak amplitude and 

button press accuracy were collected from each participant and were analyzed to determine their 

effectiveness in detecting performance validity.

Results: The P3b peak amplitude remained stable regardless of behavioral condition in the HC 

group. When combined with the TOMM Trial 2 score, the P3b peak amplitude further improved 

the ability to correctly differentiate individuals with probable AD from HC simulating dementia 

with 100% sensitivity and 90% specificity.

Conclusion: The P3b peak amplitude was found to be an effective physiologic measure 

of cognitive impairment in individuals with probable AD compared with HC simulating 

dementia. When combined with the TOMM Trial 2 score, the P3b peak amplitude served as a 
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promising performance validity measure for differentiating individuals with probable AD from HC 

simulating dementia.
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Ensuring that a patient is responding honestly during a neuropsychological evaluation is 

integral to obtaining objective and reliable results. Although many patient populations are 

able to use forced-choice memory paradigms effectively to achieve near perfect scores 

on performance validity tests (PVTs; Green, 2003; Green et al, 1996; Tombaugh, 1997), 

dementia patients with prominent amnestic deficits may have difficulty performing above 

cutoffs on this type of memory-based PVT. Few dementia samples have been included in the 

vast majority of performance validity research (Bortnik et al, 2013), and studies that have 

evaluated the efficacy of forced-choice memory-based PVTs in dementia populations have 

produced inconsistent outcomes. Thus, the clinical applicability of memory-based PVTs 

among individuals with suspected dementia is currently limited by these factors.

Evaluation of the performance validity of individuals with probable Alzheimer disease 

(AD) or other dementias is a particular clinical challenge given the nature of these 

individuals’ memory impairments; individuals with suspected dementia who undergo 

neuropsychological testing may “fail” PVTs despite providing optimal effort. Nonetheless, 

clinical neuropsychologists and other professionals routinely administer PVTs to individuals 

with dementia despite evidence that a memory-based PVT could falsely characterize an 

individual with dementia as providing poor effort. Thus, it remains clinically relevant 

to improve on detection accuracy rates for novel and previously established PVTs. A 

related issue is that individuals who are being evaluated for neurologic conditions may 

feign impairment on cognitive testing due to contextual incentives such as disability status, 

compensation claims, and/or litigation (Teichner and Wagner, 2004).

Unfortunately, the detection accuracy of PVTs with dementia populations varies, with, for 

example, specificity of the Test of Memory Malingering Trial 2 (TOMM–2; Tombaugh, 

1996) ranging between 24% (Teichner and Wagner, 2004) and 82% (Greve et al, 2006). In 

a mixed dementia sample, the Medical Symptom Validity Test (Green, 2003) was found to 

produce specificity rates between 17% and 61% (Howe et al, 2007). Using a cutoff of <20 

items on the recognition trial and <9 items on the free recall trial for the Rey 15-Item test 

(Lezak et al, 2012), Dean et al (2009) discovered specificity rates of 14% and 26% in a 

non-litigating dementia sample. Finally, Merten et al (2007) discovered that up to 95% of an 

AD sample did not perform above cutoffs on the Word Memory Test (Green et al, 1996).

The purpose of the present study was to evaluate the utility of a three-tone auditory 

oddball event-related potential (ERP) protocol to differentiate individuals with probable 

AD who have true cognitive impairment from older, cognitively intact adults who were 

simulating dementia. Past PVT studies have used P300 amplitude derived from forced-

choice or old/new recognition paradigms to detect feigned neurocognitive impairment 

in adult populations. The P300 ERP component is a positive deflection in a recorded 

waveform that occurs anywhere between 300 ms and 800 ms after an eliciting event; it is 
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typically provoked by meaningful and/or rarely occurring stimuli, depending on stimulus 

modality (Ellwanger et al, 1999; Polich, 2007). The P3b, a subcomponent of the P300 

ERP component, is thought to reflect a nonvoluntary response to recognized items and is 

proposed to be modulated by the amount of attentional resources that are allocated when 

working memory is updated (Donchin and Coles, 1988).

Studies examining ERP malingering have typically found the P3b peak amplitude to be 

unaffected by deceptive responding, suggesting that although individuals may be able to 

manipulate their performance on neuropsychological paper and pencil tests, they are less 

able to manipulate their neurophysiologic responses (Ellwanger et al, 1996, 1999; Tardif et 

al, 2000; van Hooff et al, 2009). Previous studies have also shown that individuals with mild 

AD dementia are able to complete a P300 auditory oddball protocol and that the P3b is 

able to differentiate individuals with mild AD dementia from older, healthy controls (HC). 

Typically, the P3b peak amplitude is reduced in individuals with AD compared with HC 

(Cecchi et al, 2015; Cid-Fernández et al, 2014; Polich and Corey-Bloom, 2005; van Deursen 

et al, 2009).

We hypothesized that HC, both when they are performing honestly and when they are 

simulating dementia, would have increased P3b peak amplitudes compared with individuals 

with probable AD, indicating underlying cognitive health. To our knowledge, this is the first 

study to examine the utility of an auditory oddball ERP protocol, as opposed to a task that 

relies primarily on episodic memory, as a potential PVT measure to differentiate individuals 

with genuine dementia from those with simulated dementia.

METHOD

Participants

We recruited patients from the Veterans Affairs (VA) Boston Healthcare System Neurology 

Memory Disorders Clinic between March 2017 and February 2018 who met the National 

Institute on Aging–Alzheimer’s Association clinical diagnostic criteria for either mild AD 

dementia (McKhann et al, 2011) or mild cognitive impairment due to AD (Albert et al, 

2011). We referred to this combined cohort as having probable AD. HC were recruited by 

either word of mouth or referral from the Boston University Alzheimer’s Disease Center 

during the same time frame. Participants were compensated up to $60 for their participation 

in the study.

The study protocol was approved by the VA Boston Healthcare System Institutional Review 

Board and was performed according to the ethical guidelines of the Declaration of Helsinki 

and its later amendments. All individuals provided informed written consent before enrolling 

in the study.

Participant Screening

To be enrolled in this study, participants had to be within the age range of 55 to 100 years. 

Following recruitment, a cognitive behavioral neurologist (A.E.B. or K.W.T.) evaluated 

the individuals with probable AD to determine if they met the study inclusion/exclusion 

criteria. Each evaluation included a medical history; neurologic examination; and review 
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of laboratory studies, neuropsychological test results, and neuroimaging (eg, brain MRI or 

head CT). A.E.B. and K.W.T. used neuroimaging to assist in determining the clinical status 

(mild cognitive impairment due to mild AD dementia vs AD) of each of the individuals with 

probable AD.

We administered the following neurocognitive test battery to all of the study participants in 

order to assist in determining their current cognitive status:

• the Consortium to Establish a Registry for Alzheimer’s Disease Word List 

Memory Test (Morris et al, 1989) to assess memory,

• the Verbal Fluency Test (Category and Letter Fluency; Lezak et al, 2012) to 

assess aspects of executive functions and semantic language,

• the Boston Naming Test—Short Form (Kaplan et al, 2001; Mack et al, 1992) to 

assess semantic word knowledge,

• Trail-Making Tests A and B (Reitan, 1958) to assess rapid scanning and set-

shifting/divided attention,

• the Mini-Mental State Examination (Folstein et al, 1975) to assess global 

cognitive abilities,

• the Geriatric Depression Scale—Short Form (Yesavage and Sheikh, 1986) to 

assess depression,

• the Geriatric Anxiety Inventory (Pachana et al, 2007) to assess anxiety, and

• the Wechsler Test of Adult Reading (Wechsler, 2001) to assess premorbid 

intelligence using single-word reading.

All normative data were derived from Weintraub et al (2009).

To be enrolled in the study, the individuals with mild AD dementia had to perform at 

least 1.5 SDs below the mean for age- and education-adjusted norms on two or more 

neurocognitive tests (McKhann et al, 2011), and the individuals with mild cognitive 

impairment due to AD had to perform at least 1.5 SDs below the mean for age- and 

education-adjusted norms on at least one neurocognitive test (Albert et al, 2011).

Inclusion criteria for the HC included performance within or above 0.0–1.0 SD for age- 

and education-adjusted norms on the neurocognitive test battery and a Mini-Mental State 

Examination score ≥26. HC who did not score within 1.0 SD of the mean on all of the 

neurocognitive tests were excluded, thereby eliminating HC with cognitive decline due to 

vascular and other potential comorbidities.

Additional exclusion criteria for both groups (probable AD and HC) were major 

psychiatric disorder, clinically significant alcohol or substance abuse, clinically significant 

cerebrovascular disease, traumatic brain injury, and clinically relevant neurologic diseases 

(other than AD for the probable AD group).
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Experimental Paradigm

We used a three-tone auditory oddball ERP protocol and the TOMM to test the study 

participants. The HC completed two visits ~1 week apart during which they performed 

honestly or simulated dementia, counter-balanced for condition order. For the simulating 

dementia condition, we gave the HC a checklist of common dementia symptoms that 

are easily discoverable through internet search engines (supplementary digital content, 

http://links.lww.com/CBN/A118). Then, we asked the HC to “convincingly” simulate the 

performance of an individual with memory impairments while completing the auditory 

oddball ERP protocol and the TOMM. The symptom checklist was reviewed and approved 

by A.E.B. and K.W.T. We instructed the HC to complete the tests honestly for the 

performing honestly condition. We instructed the individuals with probable AD to complete 

the auditory oddball ERP paradigm and the TOMM honestly.

The stimuli for the auditory oddball protocol consisted of standard tones (1000 Hz), target 

tones (2000 Hz), and distractor tones (white noise) that occurred with probabilities of 0.75, 

0.15, and 0.10. The auditory tones were presented in pseudorandom order for ~15–20 

minutes depending on the number of artifacts incurred. The participants were instructed to 

respond to the target stimuli by pressing a button as fast as possible with their dominant 

hand and to refrain from pressing the button for nontarget stimuli (ie, standard tones and 

distractor tones).

For each test, 400 total stimuli were presented binaurally through insert earphones at a 

perceived 70-dB volume. There was a minimum of 21 correct target tone trials for each 

participant based on a minimum button press accuracy of 35%, resulting in adequate trials to 

obtain good quality ERP data for each group (Hayama et al, 2008; Tsivilis et al, 2001). For 

each stimulus, a tone duration of 100 ms was presented, with rise and fall times of 10 ms. 

The interstimulus gap was between 2.5 and 3.0 seconds.

Before administering the auditory oddball ERP protocol to each participant, we used 

COGNISION system software to administer a pure-tone audiometry test that was similar 

to the auditory oddball protocol, including standard tones amplified to 1000 Hz and 

target tones amplified to 2000 Hz. The audiometry test was included to ensure that the 

participants could distinguish the auditory stimuli (three tones) adequately. Auditory stimuli 

were amplified to compensate participants with <30 dB of hearing loss at any frequency. 

Because our study protocol used an auditory oddball task exclusively, we did not assess for 

visual disturbance.

Assessments

We obtained EEG activity from seven electrode sites (Fz, Cz, Pz, F3, P3, F4, and P4) that 

were connected to mastoid electrodes at M1 and M2, using a COGNISION headset worn 

by each participant. Fpz served as the common electrode. The COGNISION headset has 

been validated to obtain reliable ERP recordings when skin contact impedance is <70 kΩ 
(Cecchi et al, 2015). Impedance checks were automated at all electrodes after the target 

and distractor tones and were kept at <70 kΩ throughout the protocol. In order to ensure 

a sufficient sampling rate, data were collected from –240 to 1000 ms around the stimuli, 
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digitized at 125 Hz, and bandpass filtered from 0.3 to 35 Hz (Bougrain et al, 2012). An 

artifact threshold limit of ±100 μV was set for all of the trials. Trial sets of target or 

distractor tones and the immediately preceding standard tones with artifacts surpassing the 

threshold were excluded in real time and were repeated. Extraction and trial averaging of 

ERP measures was completed using COGNISION system software (Cecchi et al, 2015).

The TOMM is a standalone PVT that is designed to detect cognitive feigning or 

exaggeration. At study, participants are shown 50 items one at a time followed by 50 

recognition panels at test, with two options per panel: one previously presented target item 

and one foil item. At test, participants are asked to select the previously presented stimuli 

from each panel. The same 50 items are presented in a different order for Trial 2. An 

optional retention trial may be administered 15 minutes later without re-displaying the 50 

original items. Forty-five or more correct responses on Trial 2 out of a possible 50 at test 

suggests a valid cognitive performance (Tombaugh, 1997).

Statistical Analysis

P3b peak amplitude was analyzed for HC performing honestly, HC simulating dementia, and 

the probable AD group and was measured as the difference between the mean pre-stimulus 

baseline and the maximum peak amplitude. P3b peak amplitude was measured from the 

target tone response to correct trials only and was defined as the maximum positivity 

between 325 and 580 ms. The time window was determined by reviewing individual and 

group grand averages, and P3b peak amplitudes were obtained by averaging all of the 

electrodes (Cecchi et al, 2015).

The TOMM Trial 2 scores were analyzed; Trial 1 scores were not included in the statistical 

analysis because Trial 1 is not considered a stand-alone PVT (Tombaugh, 1996). Button 

press accuracy (hit rates and false alarms) for the target and nontarget (standard and 

distractor) auditory tones during the auditory oddball protocol were also analyzed. Hits 

were calculated as the percentage of correct responses to the target tones. False alarms were 

defined as button presses to nontarget tones.

In order to account for the HC completing the ERP auditory oddball protocol across two 

visits (versus one visit for the probable AD group), once performing honestly and once 

simulating dementia, group comparisons were analyzed using a repeated measures ANOVA. 

Individual univariate analyses of covariance were (a) performed between the probable AD 

group and the HC simulating dementia condition, (b) performed separately for the probable 

AD group and the HC performing honestly condition, and (c) corrected for multiple 

comparisons using Bonferroni correction. All data analyses were performed while correcting 

for age and education.

To better understand how ERPs and button press accuracy can determine whether a 

participant had probable AD or was an HC simulating dementia, a series of logistic 

regressions was performed. We then analyzed the binary logistic regression scores through 

receiver operating characteristic (ROC) curves to determine the specificity and sensitivity of 

these measures to differentiate individuals with probable AD from HC simulating dementia.
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RESULTS

Participant Demographics and Clinical Data

Twenty individuals with probable AD met the study criteria and participated in the study—

15 with mild AD dementia and five with mild cognitive impairment due to AD. None of the 

individuals dropped out of the study, and all of the data were usable. Of the 23 HC who were 

recruited, two did not return for the second study session, and one performed below 1.0 SD 

of the mean on the neurocognitive test battery, yielding a total of 20 HC who participated in 

the study. The participants were between 58 and 90 years of age.

As shown in Table 1, all of the participants were male, and there were no significant 

differences in age or self-reported depression symptoms (Geriatric Depression Scale—

Short Form) between the two groups (all Ps > 0.05). A self-report checklist of anxiety 

(Geriatric Anxiety Inventory) showed significantly higher levels of anxiety-type symptoms 

for the probable AD group compared with the HC. Educational attainment and estimated 

verbal intelligence (Wechsler Test of Adult Reading) were significantly higher for the HC 

compared with the probable AD group. As expected, a comparison of neurocognitive test 

battery data between the groups indicated significantly lower scores (Ps < 0.001) for the 

probable AD group compared with the HC on all of the neurocognitive tests, including 

the Consortium to Establish a Registry for Alzheimer’s Disease, Verbal Fluency Test, 

Boston Naming Test—Short Form, Trail-Making Tests A and B, and Mini-Mental State 

Examination (Table 1).

P3b Peak Amplitude

The grand average waveforms for the correct P3b target tone selections are presented for 

each of the seven electrodes in Figure 1. A comparison of the P3b peak amplitude for all 

of the electrodes averaged (Figure 2) revealed no significant differences between the HC in 

the performing honestly (M = 7.41 μV; SD = 3.23) and simulating dementia (M = 6.45 μV; 

SD = 3.54) conditions (F1, 19 = 0.99; P = 0.33, ηp
2 = 0.05). When corrected for age and 

education, the probable AD group (M = 3.00 μV; SD = 3.36) showed significantly decreased 

P3b peak amplitudes compared with the HC in the performing honestly (F1, 36 = 7.49; P = 

0.01, ηp
2 = 0.17) and simulating dementia (F1, 36 = 5.18; P < 0.05, ηp

2 = 0.13) conditions, 

which remained significant after Bonferroni correction for multiple comparisons.

TOMM Trial 2

We observed significant differences in TOMM–Trial 2 scores between the HC in the 

simulating dementia condition and the probable AD group (F1, 39 = 44.21; P < 0.001, ηp
2 

= 0.02) and between the HC in the performing honestly and simulating dementia conditions 

(F1, 19 = 128.06; P < 0.001, ηp
2 = 0.87). Differences between the HC in the performing 

honestly condition and the probable AD group approached significance (F1, 39 = 3.85; P = 

0.057, ηp
2 = 0.10). As expected, the HC in the performing honestly condition performed 

best (M = 50.00; SD = 0.00), followed by the probable AD group (M = 45.50; SD = 8.19), 

and finally the HC in the simulating dementia condition (M = 29.50; SD = 8.10). Figure 3 

shows individual TOMM Trial 2 performances for the probable AD group and the HC in the 

performing honestly and simulating dementia conditions, revealing that in several instances, 
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the probable AD group scored in the same range as the HC simulating dementia, whereas 

the HC performing honestly performed uniformly at ceiling.

Auditory Oddball Accuracy

Inspection of target tone accuracy revealed significant differences between the HC in the 

performing honestly and simulating dementia conditions (F1, 19 = 65.11; P < 0.001, ηp
2 

= 0.77), the HC in the performing honestly condition and the probable AD group (F1, 39 

= 4.79; P < 0.05, ηp
2 = 0.12), and the HC in the simulating dementia condition and the 

probable AD group (F1, 39 = 25.93; P < 0.001, ηp
2 = 0.42). The HC in the performing 

honestly condition performed almost without error (M = 97.05; SD = 4.51), followed by the 

probable AD group (M = 82.84; SD = 19.80), and finally the HC in the simulating dementia 

condition (M = 46.75; SD = 18.76).

Regression and ROC Analyses for Probable AD Group Versus HC Simulating Dementia

The probable AD versus HC simulating dementia comparison was most meaningful for the 

group and condition comparisons because it allowed us to address the initial hypothesis 

that HC simulating dementia would have increased P3b peak amplitudes compared with the 

probable AD group. We performed a series of binary logistic regression models including 

age, education, TOMM Trial 2 scores, and P3b peak amplitudes as the variables (Table 2).

The regression scores for Models 1 and 3 listed in Table 2 were submitted to a ROC 

curve analysis (Figure 4) in order to evaluate the effect of adding the P3b peak amplitude 

on the sensitivity and specificity for accurately differentiating between probable AD and 

HC simulating dementia. The model including both the TOMM Trial 2 score and the P3b 

peak amplitude (Model 3, Figure 4B) led to a sensitivity of 100% and a specificity of 

90%, compared with 95% and 80%, respectively, for the model using the TOMM Trial 2 

score alone (Model 1, Figure 4A). The area under the curve increased when the P3b peak 

amplitude was added to the ROC curve analysis, though not significantly, when comparing 

Model 1 to Model 3 (z = 0.54, P = 0.59).

Using cutoff scores determined by the ROC curve for the TOMM Trial 2 score and P3b peak 

amplitude combined, and the validated cutoff score for the TOMM Trial 2 (Tombaugh, 1996, 

1997), we determined the false positive (FP) and false negative (FN) rates of each PVT 

measure in classifying participants performing honestly versus those simulating dementia. 

The TOMM Trial 2 score and P3b peak amplitude in combination produced FP rates equal 

to 2.5% and FN rates equal to 2.5%, whereas the TOMM Trial 2 score alone produced FP 

rates equal to 7.5% and FN rates equal to 5%.

We then compared the FPs and FNs using a χ2 analysis. There were no significant 

differences between the FPs for the combination of TOMM Trial 2 score and P3b peak 

amplitude compared with the TOMM Trial 2 score alone (χ2 = 0.51, P = 0.47), nor were 

there any significant differences between FNs across the measures (χ2 = 0.17, P = 0.68).

Within the probable AD group, TOMM Trial 2 score alone showed 90% accuracy in 

correctly identifying participants as having probable AD compared with 95% accuracy for 

the combination of TOMM Trial 2 score and P3b peak amplitude (χ2 = 0.35; P = 0.55).

Price et al. Page 8

Cogn Behav Neurol. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

The overall aim of this study was to explore the utility of using an auditory oddball 

ERP protocol for distinguishing probable AD from simulated dementia in a geriatric 

population. We found that decreased P3b peak amplitude among individuals with probable 

AD compared with HC simulating dementia was a significant predictor of AD diagnosis. 

When used in combination with the TOMM Trial 2 score, the P3b peak amplitude 

was able to improve the sensitivity and specificity of detecting simulated dementia. In 

keeping with prior literature showing that the P3b component remains stable when HC 

feign cognitive impairment (Ellwanger et al, 1996, 1999; Tardif et al, 2000; van Hooff 

et al, 2009), our findings suggest that neurophysiologic electrical activity is relatively 

unaffected by deceptive responding and perhaps less prone than performance-based PVTs 

to being intentionally manipulated by an individual simulating dementia. Thus, the P3b 

peak amplitude appears to be a potentially viable measure for differentiating individuals 

with probable AD from those simulating dementia when it is used in combination with the 

TOMM Trial 2 score.

As expected, the TOMM Trial 2 score was able to distinguish well between HC in the 

performing honestly (M = 50.00, SD = 0.00) and simulating dementia conditions (M = 

29.50, SD = 8.10); however, the TOMM Trial 2 score was not as useful in distinguishing 

individuals with probable AD (M = 45.50, SD = 8.19) from HC simulating dementia. 

While it is true that it may not be common for healthy individuals to feign dementia, 

the inverse relationship is more common, wherein individuals with AD are incorrectly 

labeled as providing suboptimal effort due to below-cutoff TOMM scores since the 

TOMM relies primarily on memory, which tends to be impaired for individuals with AD. 

Additionally, there are relatively rare instances (<2% of those seeking compensation) where 

older individuals may malinger or feign dementia for secondary gain related either to 

service connection benefits in the VA system or to disability decisions related to cognitive 

impairment in other national health care systems outside the United States (Mittenberg et al, 

2002).

Regarding behavioral performances during the auditory oddball task, the HC performing 

honestly produced the fewest number of errors (M = 97.05, SD = 4.51). The HC simulating 

dementia (M = 46.75, SD = 18.76) and the probable AD group (M = 82.84, SD = 19.80) 

performed less accurately on the task compared with the HC performing honestly. These 

results, in addition to group differences on the TOMM Trial 2 score (ie, HC performing 

honestly perfectly, followed by the probable AD group who, in some instances, did not meet 

cutoffs, and finally by HC simulating dementia performing at the lowest levels), ensure that 

the HC simulating dementia group was truly performing as expected following instructions 

to simulate dementia. However, the TOMM Trial 2 score may, in fact, have overperformed 

in our study as a predictor of dementia status when it was used to predict HC simulating 

dementia versus individuals with probable AD.

A typical malingerer in a real-world clinical setting—possibly researching how to “fool” 

the test using online articles or being coached by unscrupulous individuals—would likely 

score more similarly to the probable AD group, potentially missing only a few items and 
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therefore performing closer to cutoffs. Thus, in a real-world clinical setting, the predictive 

ability of the TOMM Trial 2 score may be less robust compared with the ROC curve that 

was generated from our analysis for individuals with probable AD versus HC simulating 

dementia with a relatively high sensitivity and specificity.

To compare the utility of the P3b peak amplitude to differentiate individuals with probable 

AD from HC simulating dementia, we combined the P3b peak amplitude with the TOMM 

Trial 2 score in an effort to improve the latter’s reliability among dementia populations. 

We found 100% sensitivity and 90% specificity in differentiating individuals with probable 

AD from HC simulating dementia using the P3b peak amplitude and TOMM Trial 2 score 

in combination compared with 95% sensitivity and 80% specificity using the TOMM Trial 

2 score alone. According to Seshan et al (2013), when comparing two predictors pulled 

from nested logistic regression models, the area under the curve test may be biased, greatly 

reducing its discriminatory ability and reducing sensitivity. Thus, while the ROC curve 

analyses between Models 1 and 3 did not produce significant differences, we present the 

sensitivity and specificity of each model in order for the reader to gauge the potential 

real-world contribution of combining the measures. Future studies should consider using this 

potential biomarker in more diverse samples to better generalize the findings.

Five of the 20 individuals with probable AD performed below the cutoffs on the TOMM 

Trial 2. In contrast, only one of the 20 individuals with probable AD was incorrectly 

categorized by the P3b peak amplitude in combination with the TOMM Trial 2. To our 

knowledge, this is the first study to demonstrate the potential utility of employing ERPs as 

a performance validity measure for differentiating individuals with probable AD from HC 

simulating dementia.

Study Limitations

This study had a number of limitations including that it was conducted in a predominately 

male veteran population. One of the challenges with any PVT study is generalizing the 

performance of the participants who were instructed to feign neurocognitive impairment 

without identifiable incentives. Compensation-seeking individuals have been shown to 

produce more subtle deficits than a simulating cohort (Rogers and Vitacco, 2002).

In addition, there may be differences in behavioral performance between simulated 

malingering and true malingering; for example, a true malingerer might exaggerate 

symptoms to avoid detection rather than flagrantly feign symptoms. Our protocol 

encouraged the participants to “convincingly” simulate dementia based on prior knowledge 

and the symptom checklist we provided. However, no additional incentives were offered 

other than compensation for participating. Thus, the commitment to accurately feign 

dementia was left entirely up to each participant.

Additionally, our study did not account for suboptimal effort as a result of general fatigue, 

lack of interest, or failure to appreciate the implications of a poor performance, as is 

common in geriatric and other populations (Bauer and McCaffrey, 2006). Future studies 

may include a study group where individuals complete the auditory oddball protocol while 
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dividing their attention toward a distractor task in order to simulate genuine inattention on 

testing in order to determine its influence on the P3b response.

Our HC group had a statistically higher level of education than our probable AD group. 

Years of education or better cognitive performance has been shown to be associated with 

an elevated P3b peak amplitude (Begum et al, 2014; Daffner et al, 2011; Riis et al, 2008), 

potentially skewing results toward higher P3b peak amplitudes for the HC. Although we 

corrected for education during analysis, future studies should attempt to match participants 

based on education.

Finally, our P3b values were obtained solely from correct trials (as opposed to target 

tone misses). Future research may consider incorporating a P3a response, which is similar 

to the P3b response but is elicited specifically from distractor (false alarm) tones, as 

one study found reliable but significantly reduced P300 peak amplitudes for responses to 

incorrect stimuli when participants feigned neurocognitive impairment on a multiple-choice 

recognition task (Shelley-Tremblay et al, 2019). This phenomenon has been called a 

conscious suppression mechanism and is tentatively proposed to indicate an individual’s 

attempt to resist the conflict between their plan for performing a feigned response and their 

true knowledge of the correct response (van Hooff et al, 2009).

CONCLUSION

The current study used a three-stimulus, auditory oddball ERP protocol as part of a 

novel PVT paradigm that integrated P3b peak amplitudes and standard PVT cutoffs for 

the detection of simulated dementia. To our knowledge, this was the first performance 

validity study in a probable AD and HC population to examine the utility of an auditory 

oddball ERP protocol versus a task that relies primarily on episodic memory. ERPs were 

also an important component due to being potentially less manipulatable than traditional 

performance-based measures. We found that the P3b peak amplitude remains relatively 

stable in individuals regardless of behavioral test performance. We demonstrated that the 

combination of using the P3b peak amplitude and the TOMM Trial 2 score was highly 

sensitive and specific in differentiating individuals with probable AD from HC feigning 

neurocognitive impairment. Future research could explore whether this novel PVT can be 

applied to other clinical settings and populations.
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Glossary

AD Alzheimer disease

ERP event-related potential

FN false negative

FP false positive

HC healthy controls

PVT performance validity test

ROC receiver operating characteristic

TOMM Test of Memory Malingering

VA Veterans Affairs
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FIGURE 1. 
Grand average waveforms for target tones derived from each electrode. AD = individuals 

with probable Alzheimer disease. GND = ground. Honest = healthy controls performing 

honestly. Simulator = healthy controls simulating dementia.
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FIGURE 2. 
Group differences for P3b peak amplitudes between the HC in the performing honestly 

and simulating dementia conditions and the probable AD group performing honestly. AD 
= individuals with probable Alzheimer disease. HC = healthy controls. Honest = healthy 

controls performing honestly. Simulator = healthy controls simulating dementia.
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FIGURE 3. 
Group differences for TOMM Trial 2 scores between the HC in the performing honestly 

and simulating dementia conditions and the probable AD group performing honestly. AD 
= individuals with probable Alzheimer disease. HC = healthy controls. Honest = healthy 

controls performing honestly. Simulator = healthy controls simulating dementia. TOMM = 

Test of Memory Malingering.

Price et al. Page 17

Cogn Behav Neurol. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. 
ROC curves. A. A model for accurate classification of dementia diagnosis between the 

probable AD group and the HC simulating dementia using the TOMM Trial 2 scores. AUC: 

0.95 (95% CI = 0.83–0.99), SE: 0.03, P < 0.001; sensitivity 95% and specificity 80% for 

cutoff of 0.34. B. A model for accurate classification of dementia diagnosis between the 

probable AD group and the HC simulating dementia using the TOMM Trial 2 scores and 

the P3b peak amplitudes. AUC: 0.97 (95% CI = 0.86–0.99), SE: 0.03, P < 0.001; sensitivity 

100% and specificity 90% for cutoff of 0.34. AD = Alzheimer disease. AUC = area under 

the curve. HC = healthy controls. ROC = receiver operating characteristic. TOMM = Test 

of Memory Malingering.
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TABLE 1.

Study Participants’ Demographics and Neurocognitive Test Battery Data

HC (n = 20) Probable AD (n = 20)

Characteristic/Test M SD M SD F 1, 39 P ηp
2

Age 76.80 8.28 77.90 9.04 0.17 0.686 0.00

Male (%) 100 100

Education (years) 16.85 2.87 13.20 2.49 18.36 <0.001*** 0.33

GDS-SF 2.30 3.08 3.95 2.96 2.83 0.101 0.07

GAI 1.80 3.16 5.65 6.18 5.89 <0.05* 0.13

EVIQ (WTAR) 113.96 4.89 100.76 11.66 38.33 <0.001*** 0.50

CERAD

 Encoding 22.45 3.72 10.25 3.24 121.81 <0.001*** 0.76

 Recall 7.75 1.71 1.65 1.39 168.48 <0.001*** 0.82

 Recognition 9.60 0.99 6.30 2.79 26.36 <0.001*** 0.41

Letter Fluency 51.70 11.63 26.80 11.83 51.65 <0.001*** 0.58

Category Fluency 43.85 10.15 22.90 10.20 49.11 <0.001*** 0.56

BNT–SF

 Hits 14.60 0.68 11.55 2.69 22.75 <0.001*** 0.37

 Misses 0.05 0.22 1.90 2.50 10.77 <0.005** 0.22

 Phonemic cues 0.30 0.57 1.65 1.14 13.76 <0.001*** 0.27

TMT, Part A (seconds) 31.90 7.92 96.05 44.21 27.32 <0.001*** 0.42

TMT, Part B (seconds) 80.25 26.82 225.65 64.31 163.60 <0.001*** 0.81

TMT, Part B errors 0.60 0.82 1.70 1.23 10.65 <0.005** 0.22

MMSE 28.60 1.00 21.25 3.78 108.38 <0.001*** 0.74

AD = Alzheimer disease. BNT = Boston Naming Test. CERAD = Consortium to Establish a Registry for Alzheimer’s Disease. EVIQ = estimated 
verbal intelligent quotient. GAI = Geriatric Anxiety Inventory. GDS = Geriatric Depression Scale. HC = healthy controls. MMSE = Mini-Mental 
State Examination. SF = Short Form. TMT = Trail-Making Test. WTAR = Wechsler Test of Adult Reading.
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TABLE 2.

Binary Logistic Regression Models for the Probable AD Group Versus the HC Simulating Dementia Including 

Age, Education, TOMM Trial 2 Scores, and P3b Peak Amplitudes

Variable B (SE) P OR

Model 1

 Age −0.13 (0.09) 0.13 0.88

 Education −0.39 (0.20) 0.05* 0.68

 TOMM Trial 2 score 0.23 (0.08) 0.005** 1.26

 Nagelkerke (pseudo R2) = 0.73 N = 40

Model 2

 Age 0.24 (0.58) 0.68 1.02

 Education −0.47 (0.17) 0.01** 0.62

 P3b peak amplitude −0.35 (0.27) 0.04* 0.71

 Nagelkerke (pseudo R2) = 0.55 N = 40

Model 3

 Age −0.14 (0.11) 0.18 0.87

 Education −0.37 (0.26) 0.17 0.69

 TOMM Trial 2 score 0.37 (0.12) 0.01** 1.36

 P3b peak amplitude −0.47 (0.22) 0.03* 0.63

 Nagelkerke (pseudo R2) = 0.84 N = 40

AD = Alzheimer disease. HC = healthy controls. TOMM = Test of Memory Malingering.

*
Significant at P < 0.05.

**
Significant at P < 0.01.
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