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When wrong answers lead us down the right path

Since McKhann et al. (1984) published their diag-
nostic criteria for Alzheimer’s disease (AD), the
methods for determiningAD symptoms havemoved
from dementia diagnosis to prodromal (mild cogni-
tive impairment) and most recently to subtle cogni-
tive decline and clinically asymptomatic with AD
biomarker confirmation. While significant invest-
ments have been made in imaging acquisition and
biomarker methods, progressing from brain MRI to
PET scans and developing higher sensitivity imaging
tracers and serummarkers, the primary methods for
documenting clinical manifestations of AD, using
neuropsychological tests to detect a cognitive
impairment, have gone largely unnoticed outside
of the neuropsychological professional community.
The idea of using delayed recall performance on a
memory task dates back to 1945, when theWechsler
Memory Scale was first published. Over time, while
different list learning and story memory tasks have
been developed and used, remarkably, the AD
research world continues to primarily rely on the
delayed recall score frommemory tasks. Thus, while
detecting pathological emergence of AD has
evolved, the persistent reliance on the same behav-
ioral measure for an early signal of memory
impairment has meant not keeping up with the
biomarker community in finding memory markers
that are or might be better than those that are 75+
years old.

Within this context, there has been a small band
of neuropsychologists whose work remains largely
overlooked by the non-neuropsychology commu-
nity. From their work, other scores on word list
learning and memory measures have emerged as
important for capturing early cognitive changes
associated with AD, including learning trials (Gro-
ber and Kawas, 1997) and intrusion errors (Bondi
et al., 1994; Loewenstein et al., 2004; Thomas et al.,
2018). The concept of neuropsychological process
scores, which provides information about the type
and quantity of errors as well as the approach to the
task, is a key tool used in the Boston Process
Approach, which was largely advanced by Kaplan
(1988) and her colleagues and trainees. The goal of
process scores is to provide information that will
improve understanding of the underlying neural
mechanism that leads to a specific outcome,

behavior, or achievement, including a neuropsycho-
logical total score or cognitive diagnosis. As applied
to AD, the process approach may be used to look at
the pattern of incorrect or inefficient responses and
errors as a potentially more sensitive measure for
detecting ADand/or to better understand the under-
lying pathology and mechanisms. The process score
profile consistent with early AD has been character-
ized as having slowed learning across trials of a
word-list memory task (i.e. a flattened learning
slope), increased susceptibility to interference, and
a greater frequency of nontarget word intrusion
errors, particularly on cued recall trials that pull
for intrusions that are semantically related to the
target words (Delis et al., 1991; Loewenstein et al.,
2004; Salmon and Bondi, 2009).

While much of the work on process scores has
used standard neuropsychological measures, there
has been a push for particularly novel or difficult
tasks and sensitive scores that could capture indivi-
duals in the preclinical or prodromal phase of AD
and improve prognosis. The Loewenstein-Acevedo
Scales of Semantic Interference and Learning
(LASSI-L) exemplifies how important process vari-
ables can be relatively easily and reliably measured.
Loewenstein et al. (2016) aptly describe the LASSI-
L as a “cognitive stress test” due to it being a
challenging measure designed to elicit errors related
to semantic interference that would be expected in
early AD. There are compelling data showing that
the semantic intrusion errors from the LASSI-L are
associated with AD biomarkers, early cognitive dif-
ficulties that do not yet meet criteria for mild cogni-
tive impairment (pre-MCI) and amnestic MCI
status, and progression in pre-MCI and amnestic
MCI participants (Crocco et al., 2021; Loewenstein
et al., 2016; 2018).

In this issue of International Psychogeriatrics,
Zheng et al. (2021) examined semantic intrusion
errors from the cued recall trials B1 and B2 of the
LASSI-L, which are thought to be sensitive to pro-
active semantic interference (PSI) and failure to
recover from proactive semantic interference
(frPSI), respectively. The analyses examined age
and apolipoprotein E (APOE) ϵ4 genotype and
whether there was a direct relationship with seman-
tic intrusion errors or whether there was an indirect
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effect via amyloid PET positivity and/or brain
volume of AD-vulnerable regions. Results demon-
strated that both amyloid positivity and lower brain
volumes in AD-vulnerable regions were associated
with increased semantic intrusion errors. Notably,
amyloid did not exert its effect on PSI and frPSI via
neurodegeneration. While age and APOE ϵ4 geno-
type did not have direct relationships with the
semantic intrusion errors, age had an indirect effect
via both amyloid positivity and brain volume while
APOE ϵ4 genotype had an indirect effect via amyloid
positivity only.

What is compelling about the Zheng et al. find-
ings are how clearly it evidenced that analysis of
incorrect intrusion responses on their task was
linked to early pathological indices of AD. This is
significant for both clinical researchers and practi-
tioners because of the context of current inequities
in both realms. It is now widely recognized that
expensive and invasive imaging and other AD bio-
marker methods have inherent structural barriers of
access that have, in turn, led to skewed research and
clinical care. An implication of the Zheng et al. study
is that it shows a path for how to break out of these
longstanding and persistent problems.

One of the key strengths of the LASSI-L is that it
is relatively inexpensive to administer compared to
other more invasive measures used to identify in-
dividuals at risk for AD, including PET imaging or a
lumbar puncture. Additionally, the LASSI-L has
been well-studied in Spanish-speaking individuals
(Cid et al., 2019; Matías-Guiu et al., 2017). Most of
the older adult research that involves biomarkers has
been conducted on predominately non-Hispanic
white participants. Therefore, the fact that 53% of
the sample in this study was Spanish-speaking is a
relative strength. The combination of these
strengths suggests that, in addition to beginning
to understand some of the underlying mechanisms
that may result in semantic intrusion errors, seman-
tic intrusion errors from the LASSI-L may be useful
for clinical prognostic purposes, including screening
for suitability of disease-modifying drugs if/when
they become available as well as sensitive outcome
measures of intervention trials.

The current study pushes the field forward in
regard to understanding the underlying biological
mechanisms of the observed PSI and frPSI across
the AD clinical spectrum, while also introducing a
number of future directions. The most recent emer-
gence of using digital tools to assess AD-related
cognitive behaviors is simply a technological exten-
sion of the process concept that Zheng et al. have
operationalized. Rather than manually scoring PSI
and frPSI measures, automated algorithms analyz-
ing digitally recorded responses would bring the

work of Zheng et al. easily to scale and offset a
limitation of this study, which is its relatively small
sample size of cognitively unimpaired and pre-MCI
groups. An important next study is to understand
whether the pattern of relationships observed in this
study varied across the clinical diagnostic stages of
AD. Additionally, the sematic intrusion errors on
the LASSI-L are clearly a valuable measure, but
what remains unknown is whether these intrusions
are diagnostically or prognostically important above
and beyond the more commonly used neuropsycho-
logical scores such as total words correct during the
free recall trials of the LASSI-L. As Zheng et al.
describe, future work should also consider whether
tau accumulation, assessed in vivo using tau PET,
may be particularly important in understanding the
pathologic contributions to intrusions errors given
evidence that tau accumulation may be more related
to cognitive functioning than amyloid (Brier et al.,
2016). Similarly, cerebrovascular disease, patholo-
gies that cannot yet be reliably measured in vivo such
as Lewy bodies and TDP-43, and combinations of
pathologies remain unaccounted for and may all
contribute to cognitive difficulties in older adults.

AD biomarkers have been a prominent focus of
AD research for the past decade, driven by the
hypothesis that cognitive symptoms emerge years
after detectable changes in biomarkers (Jack et al.,
2010). While this assumption has been challenged
by the use of more sensitive neuropsychological
measures for detecting subtle cognitive changes
(Jedynak et al., 2012; Thomas et al., 2020), the
National Institute on Aging-Alzheimer’s Associa-
tion biological framework for AD focuses on amy-
loid, tau, and neurodegeneration (A/T/(N))
biomarker profiles to define AD, independent of
cognitive functioning (Jack et al., 2018). Recent
work, however, shows that neuropsychological mea-
sures predict declines in cognition and everyday
functioning above and beyond A/T/(N) biomarkers
(O’Shea et al., 2021). In addition to being prognos-
tically useful, cognitive functioning should not be
ignored. Cognitive difficulties and related everyday
functioning difficulties are what impact people’s
lives, so they should continue to be emphasized as
the outcomes of interest as is done by Zheng et al.

Zheng et al. begin to address the underlying
mechanisms that result in semantic intrusions er-
rors, which are known to be associated with cogni-
tive decline and impairment. While the current
analyses do not completely test the contributions
of other pathologies that may cause a greater fre-
quency of semantic intrusion errors or changes in
intrusion errors, they certainly highlight the value
and continued need for developing innovative
cognitive assessment methods that track with
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underlying brain changes in a way that can have far
greater global reach and lead to far greater parity in
AD research and clinical care.

KELSEY R. THOMAS1,2 AND RHODA AU3

1Research Service, VA San Diego Healthcare System,
San Diego, California, USA
2Department of Psychiatry, University of California, San
Diego School of Medicine, La Jolla, California, USA
3Department of Anatomy and Neurobiology, Neurology
and Epidemiology, Boston University Schools of Medi-
cine and Public Health, Boston, Massachusetts, USA
Email: kthomas@health.ucsd.edu

References

Bondi, M. W., Monsch, A. U., Galasko, D., Butters, N.,
Salmon, D. P. and Delis, D. C. (1994). Preclinical
cognitive markers of dementia of the Alzheimer type.
Neuropsychology, 8, 374–384. DOI 10.1037/0894-4105.8.3.
374.

Brier, M. R., et al. (2016). Tau and Aβ imaging, CSF
measures, and cognition in Alzheimer’s disease. Science
Translational Medicine, 8, 338ra66. DOI 10.1126/
scitranslmed.aaf2362.

Cid, R. E. C. et al. (2019). A cognitive stress test for
prodromal Alzheimer’s disease: multiethnic generalizability.
Alzheimer’s & Dementia: Diagnosis, Assessment & Disease
Monitoring, 11, 550–559. DOI 10.1016/j.dadm.2019.05.003.

Crocco, E. A., et al. (2021). Intrusion errors and progression
of cognitive deficits in older adults with mild cognitive
impairment and PreMCI states. Dementia and Geriatric
Cognitive Disorders, 50, 135–142. DOI 10.1159/000512804.

Delis, D. C., Massman, P. J., Butters, N., Salmon, D.
P., Cermak, L. S. and Kramer, J. H. (1991). Profiles of
demented and amnesic patients on the California Verbal
Learning Test: implications for the assessment of memory
disorders. Psychological Assessment: A Journal of Consulting
and Clinical Psychology, 3, 19–26.

Grober, E. and Kawas, C. (1997). Learning and retention
in preclinical and early Alzheimer’s disease. Psychology and
Aging, 12, 183–188. DOI 10.1037/0882-7974.12.1.183.

Jack, C. R. et al. (2010). Hypothetical model of dynamic
biomarkers of the Alzheimer’s pathological cascade. The
Lancet Neurology, 9, 119–128. DOI 10.1016/S1474-
4422(09)70299-6.

Jack, C. R. et al. (2018). NIA-AA research framework:
toward a biological definition of Alzheimer’s disease.
Alzheimer’s & Dementia, 14, 535–562. DOI 10.1016/j.jalz.
2018.02.018.

Jedynak, B. M. et al. (2012). A computational
neurodegenerative disease progression score: method and
results with the Alzheimer’s disease neuroimaging
initiative cohort.NeuroImage, 63, 1478–1486.DOI 10.1016/j.
neuroimage.2012.07.059.

Kaplan, E. (1988). The process approach to
neuropsychological assessment. Aphasiology, 2, 309–311.
DOI 10.1080/02687038808248930.

Loewenstein, D. A., Acevedo, A., Luis, C., Crum, T.,
Barker, W. W. and Duara, R. (2004). Semantic
interference deficits and the detection of mild Alzheimer’s
disease and mild cognitive impairment without dementia.
Journal of the International Neuropsychological Society, 10,
91–100. DOI 10.1017/S1355617704101112.

Loewenstein, D. A. et al. (2018). Utilizing semantic
intrusions to identify amyloid positivity in mild cognitive
impairment. Neurology, 91, e976–e984.

Loewenstein, D. A. et al. (2016). A novel cognitive stress
test for the detection of preclinical Alzheimer disease:
discriminative properties and relation to amyloid load. The
American Journal of Geriatric Psychiatry, 24, 804–813.
DOI 10.1016/j.jagp.2016.02.056.

Matías-Guiu, J. A. et al. (2017). Validation of the Spanish
version of the LASSI-L for diagnosing mild cognitive
impairment and Alzheimer’s disease. Journal of Alzheimer’s
Disease, 56, 733–742. DOI 10.3233/JAD-160866.

McKhann, G., Drachman, D., Folstein, M., Katzman,
R., Price, D. and Stadlan, E. M. (1984). Clinical
diagnosis of Alzheimer’s disease: Report of the NINCDS-
ADRDAWorkGroup* under the auspices ofDepartment of
Health and Human Services Task Force on Alzheimer’s
Disease. Neurology, 34, 939–939.

O’Shea, D. M. et al. (2021). Adding cognition to AT(N)
models improves prediction of cognitive and functional
decline. Alzheimer’s & Dementia: Diagnosis, Assessment &
Disease Monitoring, 13, e12174. DOI 10.1002/dad2.12174.

Salmon, D. P. and Bondi, M. W. (2009).
Neuropsychological assessment of dementia. Annual Review
of Psychology, 60, 257–282. DOI 10.1146/annurev.psych.
57.102904.190024.

Thomas, K. R. et al. (2020). Objective subtle cognitive
difficulties predict future amyloid accumulation and
neurodegeneration. Neurology, 94, e397–e406.
DOI 10.1212/WNL.0000000000008838.

Thomas, K. R. et al. (2018). Word-list intrusion errors
predict progression to mild cognitive impairment.
Neuropsychology, 32, 235–245. DOI 10.1037/neu0000413.

Zheng, D. D., Curiel, R. E., Duara, R., Kitaigorodsky,
M., Crocco, E. and Loewenstein, D. A. (2021).
Semantic intrusion errors as a function of age, amyloid,
and volumetric loss: a confirmatory path analysis.
International Psychogeriatrics.

Commentary 961

https://doi.org/10.1017/S1041610221002581 Published online by Cambridge University Press

mailto:kthomas@health.ucsd.edu
mailto:kthomas@health.ucsd.edu
mailto:kthomas@health.ucsd.edu
https://doi.org/10.1037/0894-4105.8.3.374
https://doi.org/10.1037/0894-4105.8.3.374
https://doi.org/10.1037/0894-4105.8.3.374
https://doi.org/10.1037/0894-4105.8.3.374
https://doi.org/10.1037/0894-4105.8.3.374
https://doi.org/10.1037/0894-4105.8.3.374
https://doi.org/10.1126/scitranslmed.aaf2362
https://doi.org/10.1126/scitranslmed.aaf2362
https://doi.org/10.1126/scitranslmed.aaf2362
https://doi.org/10.1126/scitranslmed.aaf2362
https://doi.org/10.1016/j.dadm.2019.05.003
https://doi.org/10.1016/j.dadm.2019.05.003
https://doi.org/10.1016/j.dadm.2019.05.003
https://doi.org/10.1016/j.dadm.2019.05.003
https://doi.org/10.1016/j.dadm.2019.05.003
https://doi.org/10.1016/j.dadm.2019.05.003
https://doi.org/10.1159/000512804
https://doi.org/10.1159/000512804
https://doi.org/10.1037/0882-7974.12.1.183
https://doi.org/10.1037/0882-7974.12.1.183
https://doi.org/10.1037/0882-7974.12.1.183
https://doi.org/10.1037/0882-7974.12.1.183
https://doi.org/10.1037/0882-7974.12.1.183
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1016/j.neuroimage.2012.07.059
https://doi.org/10.1080/02687038808248930
https://doi.org/10.1080/02687038808248930
https://doi.org/10.1017/S1355617704101112
https://doi.org/10.1017/S1355617704101112
https://doi.org/10.1016/j.jagp.2016.02.056
https://doi.org/10.1016/j.jagp.2016.02.056
https://doi.org/10.1016/j.jagp.2016.02.056
https://doi.org/10.1016/j.jagp.2016.02.056
https://doi.org/10.1016/j.jagp.2016.02.056
https://doi.org/10.1016/j.jagp.2016.02.056
https://doi.org/10.3233/JAD-160866
https://doi.org/10.3233/JAD-160866
https://doi.org/10.1002/dad2.12174
https://doi.org/10.1002/dad2.12174
https://doi.org/10.1002/dad2.12174
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1146/annurev.psych.57.102904.190024
https://doi.org/10.1212/WNL.0000000000008838
https://doi.org/10.1212/WNL.0000000000008838
https://doi.org/10.1212/WNL.0000000000008838
https://doi.org/10.1037/neu0000413
https://doi.org/10.1037/neu0000413
https://doi.org/10.1017/S1041610221002581

	When wrong answers lead us down the right path
	References


