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ABSTRACT ARTICLE HISTORY

The original Memory Impairment Screen by Telephone (MIST) was Received 5 August 2022
designed to identify individuals with dementia but was relatively ~ Accepted 7 March 2023
ineffective for identification of less severe impairment observed in KEYWORDS

mild cognitive impairment (MCI). We expanded the original MIST to Remote memory assessment;
create a modified instrument (mMIST) with greater sensitivity to aging; subjective cognitive

less severe memory impairment. Older men and women with sub- decline; mild cognitive
jective cognitive decline were assessed by phone with the mMIST impairment; Alzheimer’s
and subsequently classified independently with MCI or non- disease

pathological cognitive decline. Participants with MCl produced
lower scores on the mMIST than did participants without MCI,
10.8+2.7 vs 13.3+ 1.3, t=5.68, p <0.001, and performance on the
mMIST predicted performances on the California Verbal Learning
Test (CVLT), Verbal Paired Associate Learning Test (VPAL), Montreal
Cognitive Assessment (MoCA) total score, and MoCA memory index
score, p <0.001. Receiver operating characteristic (ROC) analyses
identified the optimal cut score on the mMIST to distinguish parti-
cipants with and without MCI with Sensitivity = 73.1%, Specificity =
79.1%, and AUC=0.79. Predictive values for distinguishing the
amnestic form of MCI (aMCl) from non-amnestic MCl were
Sensitivity = 81.8%, Specificity =30%, and AUC=0.82. These find-
ings indicate that the mMIST is a valid screening instrument for
identifying MCI. It can be administered remotely at low cost and low
participant burden. Also, the mMIST has potential utility for remote
cross-sectional and longitudinal evaluation in research and clinical
contexts. Further investigation is indicated to corroborate its utility
for assessment of aging patients and research participants.

Introduction

Late-life dementia of the Alzheimer’s type involves progressive neurodegeneration that
develops over many years (Sperling et al., 2011). The prevalence of Alzheimer’s disease
(AD) is increasing and projected to reach 13.8 million cases in the US by the year 2050
(Hebert et al., 2013). Mild cognitive impairment (MCl; Petersen, 2004) is a clinical construct
that implies the presence of greater than expected cognitive impairment in non-
demented individuals and substantially increased risk for future AD and other dementing
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conditions. The annual rate of progression from MCl to dementia has been projected to be
between 8% and 15% (Petersen, 2016). Currently available pharmaceutical treatments for
dementia are largely ineffective. However, recent evidence indicates that multimodal
lifestyle interventions administered in advance of dementia can forestall progression of
cognitive decline (Isaacson et al, 2019; Ngandu et al., 2015). The ability to identify
clinically meaningful cognitive decline consistent with MCI will be essential for interven-
tion efforts intended to mitigate progression of neurodegeneration.

While in-person, examiner-administered cognitive evaluation has been the standard,
computer-administered testing, online evaluation, and other distance assessment meth-
ods have become increasingly common (Binng et al., 2020; Lavigne et al., 2022). Phone
and video streaming evaluation methods can reduce the time commitment and expense
associated with travel to a clinic or research facility. In addition, remote screening would
allow for more frequent assessments to track clinical course in longitudinal and interven-
tion research. The capability for remote screening of memory function also can expand
geographic boundaries, facilitating access to larger and more diverse samples.

The original Memory Impairment Screen (MIS) was designed as an in-person, examiner-
administered assessment to identify those with severe memory impairment indicative of
dementia. It involved a four-item verbal memory task that used controlled, category cue
learning and free and cued recall testing (Buschke et al., 1999). The delay interval between
learning and recall was two to three minutes, and overall administration time was about
five minutes. The original MIS exhibited sensitivity =80% and specificity =90% for the
detection of dementia of any type and sensitivity =87% and specificity = 96% for the
detection of AD specifically (Buschke et al., 1999). Subsequently, this task was adapted for
use by telephone (MIST; Lipton et al., 2003) and demonstrated sensitivity = 78% and
specificity = 93% for detection of dementia of any type and sensitivity = 89% and speci-
ficity = 93% for detection of AD (Lipton et al., 2003).

Other phone-based instruments have been developed to screen for cognitive decline,
and the majority of extant instruments of this type were designed to detect severe
impairment indicative of dementia (Castanho et al., 2014). There have been fewer screen-
ing tasks for remote administration to identify individuals with MCI. However, the
Telephone Interview for Cognitive Status (TICS; Brandt et al., 1988; Welsh et al., 1993)
and the Telephone-Montreal Cognitive Assessment (T-MoCA; Pendlebury et al., 2013)
have been studied in the context of screening for MCI. Both the TICS and T-MoCA were
found to be effective telephone screening tools to detect MCl poststroke in an initial study
(Zietemann et al., 2017), although this was not corroborated in subsequent research. The
T-MoCA performed less well compared with in-person administration to detect MCI (Katz
etal, 2021). In addition, Manly et al. (2011) found, as with the original MIST, that while the
TICS was effective when screening for dementia, it performed much less well when
screening for MCI specifically, even in the context of a large, diverse sample and when
combined with other assessment instruments. Similarly, a modification of the TICS (TICS-
m) performed well when used to screen for dementia but mis-classified 57.1% of those
with MCI (Knopman et al., 2010).

Generally, the original MIS (Buschke et al., 1999; Kuslansky et al., 2002), MIST (Lipton
et al., 2003), and other such screening tasks demonstrated excellent capability to identify
dementia, in particular Alzheimer's disease. However, MCl has been more difficult to
detect most likely because the level of memory decline can overlap with that observed
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in non-pathological cognitive aging (non-MCl). Here, we sought to modify the MIST to
improve identification of individuals with MCl by remote assessment. We increased the
number of test items from four to eight to create a more challenging and more sensitive
measure to detect clinically significant but less severe memory impairment, investigated
its validity against other examiner-administered memory tasks, and assessed its diagnos-
tic capability to detect MCI.

Materials and methods
Participants

The data collection was accomplished in the context of clinical research studies registered
with ClinicalTrials Identifiers NCT01746303 and NCT00599508. We used print notices
placed in a major local newspaper to recruit men and women aged 62 and older who
were aware of mild, age-related memory decline for participation in the research. Those
with diabetes, liver or kidney disease, prior diagnosis of neurologic or cognitive disorder,
severe psychiatric condition, substance abuse, or regular use of sedating or psychostimu-
lant medications were excluded.

Procedure

The recruitment notices instructed interested individuals to call our research phone line.
University of Cincinnati Medical IRB-approved oral consent was obtained for participation
in the telephone assessment, and participants signed the full, IRB-approved written
informed consent document at the subsequent study visit. During the telephone contact,
participants endorsed the statement that cognitive function had declined from a former
level in order to document the presence of subjective cognitive decline (SCD; Jessen et al.,
2020). This condition represents a self-experienced, persistent decline in cognitive cap-
ability not associated with significant functional impairment, an acute condition, or
advanced neurodegeneration. Generally, the timeframe for such perceived cognitive
decrement is five to ten years (Jessen et al.,, 2020). During the telephone contact we
also administered the Academic and Medical History Questionnaire (Krikorian et al., 2004)
to obtain information about educational attainment, medical conditions, and medication
and supplement use, along with our modified version of the Memory Impairment Screen
by Telephone (mMIST). Approximately 315 individuals were screened to achieve enroll-
ment of 89 participants in the study.

In the mMIST task, a list of four common words, each representing a different semantic
category, was presented orally at the rate of one word per second. Participants were asked
to recall the list immediately after its initial presentation. Following the immediate recall,
a category was introduced by the examiner and the participant was asked to produce the
word from the list representing that category to provide controlled semantic cueing. If the
response to the category cue was incorrect, the participant was reminded of the correct
word. Then, a second list of four words was introduced and controlled curing with four
different categories was performed so that the participant was exposed to a total of eight
words and associated category cues. Participants were not informed during the learning
trials that they would be asked to recall the words subsequently. A delay interval of three
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minutes involved collection of demographic, medical, and educational information. Then,
the participants were asked to recall as many of the eight words as possible. For any word
not produced during this free recall trial, the previously established category cue was
provided to facilitate recall. Two points were credited for each correct response during
free recall and one point for each correct response during category cueing. The maximum
total score was 16.

In order to determine stage of cognitive impairment we administered the Clinical
Dementia Rating (CDR; Hughes et al., 1982). This instrument has been used extensively
to classify older adults with respect to level of cognitive decline based largely on reports
of functional capability in everyday activities (Morris, 1993). The original CDR is a semi-
structured interview involving the patient or research participant and an informant,
typically a spouse or adult child. The informant provides information concerning the
functional capability of the participant and judgments are solicited concerning memory
and other cognitive and functional domains. In this study, we administered the original
CDR to 35 participants and their informants. In addition, 54 participants were adminis-
tered the modified version of the CDR (mCDR; Duara et al., 2010), a structured interview
assessment that relies on information about the participant provided by an informant.
The mCDR has been shown to be highly correlated with the original version but is briefer,
more reliable and valid, and offers enhanced discrimination of individuals with normal
cognitive function from those with MCI (Duara et al., 2010). We found no difference in
performances on objective cognitive tasks between those classified with the original CDR
and those classified with the mCDR.

At the subsequent, in-person study visit scheduled within two weeks of the telephone
screening, we performed further evaluation to measure overall intellectual ability, mem-
ory function, and mood, and to establish an independent classification of MCl or non-MCl.
The Peabody Picture Vocabulary Test, third edition (PPVT-lIl; Dunn & Dunn, 1997) was
used to estimate lexical knowledge and verbal 1Q. This is a multiple-choice task that
requires the participant to select a picture from among four options that depicts the
meaning of a word presented orally by the examiner. We also administered the Montreal
Cognitive Assessment (MoCA) to evaluate overall cognitive function (Nasreddine et al.,
2005). The MoCA includes assessments of orientation, executive ability, attention, picture
naming, visuospatial function, and memory that contribute to a maximum total score of
30. The MoCA has demonstrated sensitivity (90%) and specificity (87%) for detecting MCI
for those who score less than 26 (Nasreddine et al., 2005). In addition to the total score, we
calculated the Memory Index Score (Julayanont et al., 2014), which is derived from the
five-word delayed recall task within the MoCA. The California Verbal Learning Test-ll
(CVLT; Delis et al., 2000) also was administered. This is a well-established word list learning
task with extensive normative data that can differentiate normal from impaired memory
performance in aging individuals. Participants are exposed to a list of 16 common words
during five learning and immediate recall trials followed by exposure to a second,
potentially interfering list. After a delay, recall and recognition memory testing are
performed. We also included the Verbal Paired Associate Learning Test (VPAL; Krikorian,
1996). Paired associate learning makes cognitive demands that are different and generally
more challenging than those involved in list learning (Krikorian, 1996). Participants are
given four exposure and recall trials with 10 word pairs. Five of the pairs represent
established semantic associations (such as north-south) and five pairs are composed of
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semantically unrelated words (such as east-building). New associative learning is mea-
sured by the number of unrelated pairs acquired during the four learning trials. The 30-
item Geriatric Depression Scale (GDS; Yesavage, 1988) was used to evaluate level of
depressive symptomology that might influence cognitive performance.

MCI classification

In order to identify those with MCl we implemented a clinical consensus method with
members of the research team including two neuropsychologists, the research coordina-
tor, and an experienced research assistant. This method recapitulates the recommenda-
tions of Petersen (2004) to determine MCI. The consensus was informed by demographic
information, the diagnostic classification based on the Clinical Dementia Rating (CDR;
Hughes et al., 1982; Morris, 1993) or modified Clinical Dementia Rating (mCDR; Duara
et al, 2010), and objective performance on the MoCA (Nasreddine et al., 2005). This
consensus method classified 41 participants with MCl and 48 participants without MCI.
In all cases, those judged to have MCI received CDR or mCDR classifications of 0.5 and
scored less than 26 on the MoCA.

We also applied criteria recommended by Jak et al. (2009) to identify those with
amnestic MCl (@aMCl) within the MCl subgroup. This method prescribed that performances
on a minimum of two objective measures of learning and memory fall more than 1 SD
below the age-corrected level. For this purpose, we considered the cumulative learning
score and long-delay free-recall score from the CVLT and the number of semantically
unrelated pairs learned on the VPAL. Participants who scored one standard deviation
below the mean for the study sample on at least two of these measures were classified as
having the amnestic form of MCl (n=11).

Data Analysis

T-tests were used to compare performances between diagnostic subgroups (MCl vs non-
MCI; aMCl vs non-amnestic MCl) with respect to the performances on the mMIST, MoCA,
MoCA memory index score, CVLT, and VPAL. Logistic regression was used to assess how
well mMIST performance predicted MCI status. Correlations and multiple regression
analyses also were used to determine how well mMIST performance predicted perfor-
mances on the CVLT, VPAL, and MoCA. Descriptive and correlational analyses were
performed with Statistica (StatSoft, Inc, 2010). Separate receiver operator characteristic
(ROCQ) analyses were performed for each of themodels; that is, identifying cases with MClI
within the entire sample (Model 1) and identifying cases with amnestic MCl within the MCI
subgroup (Model 2). A distance index [d? = (1-sensitivity)® + (1-specificity)?] representing
the misclassification rate was used to identify the cut score for each model by selecting
the lowest value of d°. We derived mMIST score frequency data above and below the cut
score to calculate Sensitivity, Specificity, Positive Predictive Value (PPV), and Negative
Predictive Value (NPV) for each model (Trevethan, 2017). Area under the curve (AUC) from
each ROC plot also was used to assess predictive capability (Hajian-Tilaki, 2013; Zweig &
Campbell, 1993). ROC analyses were performed with SAS 9.4M7, SAS Institute, Cary,
NC, USA.
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Table 1. Sample characteristics and summary cognitive

performances.
N=89

Age, y 72.0 (6.7)
Education, y 15.1 (2.3)
PPVT-IIl, standard score 103.6 (10.5)
mMIST total score 12.1 (24)
MoCA total score 24.5 (2.7)
CVLT cumulative learning trials raw score 44.6 (10.6)
CVLT long delay free recall raw score 9.4 (3.5)
VPAL cumulative learning score 9.1 (5.1)
GDS total score 53 (3.8

Note. PPVT-lIl = Peabody Picture Vocabulary Test-lll. mMIST = mod-
ified Memory Impairment Screen by Telephone. MoCA = Montreal
Cognitive Assessment. CVLT = California Verbal Learning Test-2.
VPAL = Verbal Paired Associate Learning Test. GDS = Geriatric
Depression Scale. Values represent M (SD) raw scores except
where indicated otherwise.

Results

There were 89 participants; 40 were male and 49 were female. Table 1 contains sample
characteristics and cognitive performance scores. On average, members of the sample
were well-educated, exhibited average range lexical knowledge, and reported low levels
of depressive symptoms.

There was no gender difference for mMIST performance for the total sample, t=1.32,p
=0.18. In addition, there was no gender difference for mMIST performance among
participants with MCI (n =21 male, n =20 female; t=0.01, p=0.99) or aMCl (n =6 male,
n=>5 female; t=1.71, p=0.12). However, in the non-MCl group, women (n=29) per-
formed better than men (n = 19) on the mMIST, t=1.99, p = 0.05.

Table 2 shows performance scores by diagnostic group for the mMIST and the other
cognitive tasks including the MoCA total score, the MoCA memory index score, the CVLT
learning trials score, the CVLT long delay free recall score, and the VPAL cumulative score.
Mean scores on all objective cognitive measures declined incrementally across diagnostic

Table 2. Performances on the modified memory impairment screen by telephone and other objective
cognitive tasks by diagnostic subgroup.

Non-MC| MCI (all) Non-amnestic MCl Amnestic MC|

(n=48) (n=41) (n=30) (n=11)
mMIST total score 13.3(1.3) 10.8 (2.7) 11.3(2.7) 9.4 (2.2)
MoCA total score 26.0 (2.3) 22.7 (2.2) 23.2 (2.0) 213 (2.2)
MoCA memory index score 29(0.2) 0.9 (0.2) 1.0 (1.1) 0.5 (0.0)
CVLT learning trials 49.5 (9.5) 39.0 (9.0) 424 (7.5) 29.7 (5.7)
CVLT long delay free recall 11.1 (3.0) 7.53.2) 8.(2.6) 4.0 (1.5)
VPAL 11.5 (4.2) 6.4 (4.7) 8.0 (4.4) 1.9 (1.6)

Note. mMIST = modified Memory Impairment Screen by Telephone. MoCA = Montreal Cognitive Assessment total score.
MoCA memory index score = 5-word delayed free recall. CVLT = California Verbal Learning Test-2. VPAL = Verbal Paired
Associate Learning Test cumulative hard associate score. Values represent M (SD) raw scores.

Diagnostic subgroup t-test comparisons for the mMIST, MoCA total score, MoCA memory index score, CVLT learning trials,
CVLT long-delay free recall, and VPAL were statistically significant comparing non-MCl vs MCI (p < 0.001). Diagnostic
subgroup t-test comparisons for amnestic MCl vs. non-amnestic MCI were statistically significant for CVLT learning trials,
CVLT long delay recall, and VPAL at p < 0.001; for the mMIST at p = 0.04; and for the MoCA total score at p =0.01. The
t-test comparison for the MoCA memory index score for amnestic MCl vs non-amnestic MCl was not significant (p <
0.21). T-test comparisons between non-amnestic MCl and MCI (all) or amnestic MCl and MCI (all) were not performed
because these subgroups were contained within the MCI (all) group.
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groups that carried increasing risk for dementia. Specifically, participants without MCI
exhibited significantly higher mean scores on all measures, followed by those with non-
amnestic MCl. The amnestic MCl subgroup exhibited the lowest mean scores.

Logistic regression indicated that the mMIST differentiated non-MCI from MCI partici-
pants, OR=0.53, p<0.01, and identified participants with aMCl, OR=0.74, p=0.04.
Correlational analyses showed that performance on the mMIST were associated with all
other memory measures including the CVLT learning trials, r = 0.49, p < 0.0001; CVLT long-
delay free recall, r=0.50, p < 0.0001; associative learning on the VPAL, r=0.44, p < 0.0001;
MoCA total score, r=0.36, p < 0.001; and MoCA memory index score, r=0.45, p < 0.0001.
Multiple regression also was used to predict MoCA performance with age, education level,
GDS score, PPVT, and the mMIST as predictors. The overall model was significant, F=7.88,
p < 0.0001, with an overall fit (R%) =0.33. Significant predictors were age, standardized
beta (Bst) =-0.15, p <0.0001; PPVT, Bst=0.08, p <0.01; and the mMIST, Bst=0.37, p<
0.01, which was most strongly associated with MoCA performance.

We used Receiver Operator Characteristic (ROC) analyses to evaluate detection of MCI
(Model 1) and detection of amnestic MCl (Model 2) based on mMIST performance. Table 3
shows the Sensitivity and Specificity values for mMIST scores for both models. With
respect to discriminating MCl from non-MCI (Table 3, left panel), the mMIST cut score
(13) was associated with the lowest misclassification rate. The associated ROC curve
showed area under the curve (AUC)=0.79 for identifying MCI (Figure 1, panel a). With
respect to discriminating the amnestic MCl subgroup from non-amnestic MCl, the same
cut score (13) was associated with the lowest misclassification rate (Table 3, right panel)
and AUC = 0.82 (Figure 1, panel b).

We applied the cut score (13) to assess the adequacy and utility of the mMIST as
a screening measure for each model by tabulating mMIST score frequencies above and
below the cut score; that is, mMIST score counts >12 and <12. Then, using the indepen-
dent clinical consensus diagnoses we were able to determine the True positive, False
positive, False negative, and True negative values for each model. These data were used

Table 3. Receiver Operator Characteristic (ROC) sensitivity and specificity analyses.

MCI vs non-MCl Amnestic MCI vs non-Amnestic MCI

mMIST total score Sensitivity® Specificity® d?c Sensitivity® Specificity® d?c

16 0.042 0.976 0.918 0.039 1.000 0.924
15 0.146 0.927 0.735 0.130 1.000 0.757
14 0.188 0.951 0.662 0.143 1.000 0.734
13 0.417 0.878 0.355 0.299 0.833 0.519
12 0.854 0.171 0.709 0.169 0917 0.698
1 0.979 0.146 0.730 0.922 0.083 0.847
10 0.958 0.122 0.773 0.935 0.167 0.698
9 1.000 0.024 0.953 1.000 0.083 0.841
8 1.000 0.146 0.729 0.948 0.167 0.697
7 1.000 0.073 0.859 1.000 0.250 0.563
6 1.000 0.024 0.953 0.013 1.000 0.974

mMIST = modified Memory Impairment Screen by Telephone. mMIST scores are whole numbers by design and recom-
mended cut scores were determined accordingly. Data from the Model 1 ROC analysis (MCI vs non-MCl) is represented
in the left panel. Data from Model 2 ROC analysis (amnestic MCl vs non-amnestic MCI) is represented in the right panel.
Bold, italic text indicates the cut score in whole numbers determined for each model by the lowest misclassification rate
(d?). @ Sensitivity = the proportion of individuals correctly identified as having memory impairment (MCl or amnestic
MCI) or the true positive rate. ® Specificity = the proportion of individuals correctly identified as not having memory
impairment or the true negative rate. © d* = the misclassification rate calculated as [(1-sensitivity) + (1-specificity)?].
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a ROC Curve for Model
Area Under the Curve = 0.7922

0.22

F
=
3
| Points labeled by predicted probabiity
0.00 025 050 075 1.00
1 - Specificity
b ROC Curve for Model

Area Under the Curve = 0.8295

1.00
0.75
k=
3
:g 050
025
0.00
L Points labeled by predicted probabilty
0.00 025 050 0.75 1.00
1 - Specificity

Figure 1. Panel a. ROC curve of the mMIST data for identifying MCl within the entire sample (AUC =
79.2%). Panel b. ROC curve of mMIST data for identifying amnestic MCl within the MCI subgroup (AUC
= 82.9%). ROC = receiver operating characteristic. mMIST = modified memory impairment screen by

telephone. AUC = area under the curve.
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to calculate Model 1 Sensitivity = 73.1%, Specificity = 79.1%, Positive Predictive Value
(PPV) =75%, and Negative Predictive Value (NPV)=77.5% for detection of MCI within
the entire sample (Trevethan, 2017). The same method was used with regard to detection
of the amnestic form of MCl among the MCI subgroup (Model 2) with Sensitivity = 81.8%,
Specificity = 30%, PPV = 30%, and NPV = 81.8% (Trevethan, 2017).

Discussion

This study investigated the effectiveness of the mMIST, an instrument designed to be
administered remotely to identify memory impairment consistent with MCl in older
adults. We established the diagnosis of MCI using clinical consensus methodology to
integrate information from the Clinical Dementia Rating and objective cognitive test
performances. Further, memory test performance criteria developed empirically (Jak
et al., 2009) were used to identify the amnestic MCl subgroup. As shown in Table 3, as
a group, participants without MCI exhibited the highest mMIST scores, while those with
MCI performed less well. Among participants with MCI, the amnestic subgroup performed
least well, as expected.

We also demonstrated convergent validity with in-person, examiner-administered
memory assessments as the mMIST predicted performances on objective verbal memory
tasks involving different types of learning and recall including the CVLT, VPAL, and the
MoCA memory index score. In addition, the mMIST predicted general cognitive function
as assessed by the MoCA total score.

The ROC analyses indicated that the mMIST was able to distinguish those with MCI
from cognitively unimpaired older adults (non-MCl) with AUC =79.2. Generally, accepta-
ble AUC for a screening instrument should fall between 0.7 and 0.8 (Hanley & McNeil,
1982). This was supported further by the Sensitivity, Specificity, and predictive values
derived for identification of MCL. In particular, relatively high PPV indicates that the mMIST
has reasonably good capability to detect True positive cases while avoiding False positive
cases (Trevethan, 2017). In the second model (screening for amnestic MCl within the MClI
group), those who scored <12 were identified as having amnestic MCl at a relatively high
rate, Sensitivity =81.8%, so that the mMIST generally detected amnestic MCl while
avoiding False negative classifications. However, Specificity and PPV were low (30%),
indicating that the mMIST was much less effective at excluding False positive cases of
aMCl in this sample (Trevethan, 2017). It is likely that the low Specificity and PPV for
detection of aMCl (n=11) within the MCI group (n=41) were a function of the small
sample size of the aMCl subgroup, which reduced power to discriminate. This was the
case despite the significantly lower performances of the aMCl subgroup on all the
cognitive and memory tasks including the mMIST, even relative to those with non-
amnestic MCI. With respect to screening for aMCl, the current data indicate a high rate
of True and False positive detection, which is preferable, given the serious health implica-
tions of a higher False negative rate. The latter would imply failure to identify cases with
markedly elevated risk for dementia.

The other instruments designed for remote detection of MCl include the TICS, TICS-m
and the T-MoCA. None of these screening tasks was found to have predictive capability
superior to the mMIST. The TICS was reported to have high Sensitivity for distinguishing
demented from non-demented individuals and good Specificity for distinguishing
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dementia from MCI but could not reliably distinguish MCI from non-MCl (Manly et al.,
2011). The modification of the TICS (TICS-m) was reported to be effective in differentiating
MCI from non-MCl, although Sensitivity, Specificity, and predictive values were not
reported (Duff et al., 2009). In another investigation, the TICS-m was able to distinguish
those with MCI from those with normal cognition with Sensitivity = 71.4% and Specificity
=78.3% (Knopman et al., 2010). The T-MoCA was evaluated in a diverse community
sample from which individuals with dementia were excluded and Sensitivity and
Specificity were reported to be 72% and 59%, respectively (Katz et al., 2021).

Overall, the findings indicated that the mMIST is a brief, valid, and effective screening
tool for identifying the presence of memory impairment consistent with MCl. We expect
that this task would have utility in clinical and research settings as a screening instrument
to help determine whether subjective memory complaints reflect clinically significant
memory decline and greater risk for progression. Because the mMIST can distinguish
cognitively unimpaired older adults from those with MCl, this instrument would identify
those for whom further cognitive evaluation is indicated, thereby serving as an early
indicator of clinically significant memory decline.

There are several advantages to the mMIST. The brief administration time (about five
minutes) allows for rapid screening. Further, the validated use by phone will increase
accessibility, which has applications for both research and clinical purposes. We also have
established preliminary validity with respect to multiple, established measures of memory
and general cognitive function.

There are limitations associated with this research. Our sample is not representative of
the general population given that we selected participants from the community based on
self-perceived cognitive decline and excluded prospective participants with dementia
and other neurocognitive disorders, with medication use known to affect cognition such
as benzodiazepines and psychostimulants, and those with diabetes. However, in this
initial study, we felt that a more homogeneous sample without complicating conditions
would be appropriate to demonstrate effectiveness of the instrument. Notably, the
sample did not include an adequate number of participants classified with the amnestic
form of MCI, which almost certainly contributed to the less effective cut score to identify
aMCl with adequate Specificity, although the cut score determined in this study did imply
good Sensitivity with respect to aMCl. We expect that the Specificity for the detection of
aMCl would be improved substantially if the mMIST were assessed with a larger sample. It
has been emphasized that prioritizing Sensitivity over Specificity can be preferable,
especially in the context of screening measures designed to assess conditions with serious
health implications (Habibzadeh et al., 2016). We reasoned that risks associated with over-
diagnosing MCl would be outweighed substantially by the risks related to False negative
values, given that the latter might imply that no further assessment or treatment would
be offered to those who had the condition but screened negative. In order to support
early detection and intervention, we chose to increase the Sensitivity rate (Habibzadeh
et al., 2016).

Developing and validating an alternate equivalent form of the mMIST would be useful
for longitudinal investigations and clinical care. An alternate form also could be imple-
mented in assessing the effectiveness of interventions over time and as an index of
progression of neurocognitive decline. To expand its utility as a screening instrument
and improve access to diverse and geographically distributed populations, the mMIST
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also could be adapted and validated for self-administered, automated remote adminis-
tration. We also have begun to evaluate its use in face-to-face settings, as well as during
telehealth video visits.

In conclusion, the mMIST is a brief, effective screening tool to identify memory changes
associated with MCI in older adults with subjective cognitive impairment. Its brevity,
relative ease of administration, and usefulness for remote assessment make it amenable
for use in both clinical and research settings.

Acknowledgments

This work was supported by the NIH National Institute on Aging under Grant 1 ROTAG034617 and
the NIH National Institute on Aging under Grant 3 R0O1 AG034617-02S51.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The work was supported by the NIH National Institute on Aging [1 ROTAG034617,3 RO1 AG034617-
0251].

References

Binng, D., Splonskowski, M., & Jacova, C. (2020). Distance assessment for detecting cognitive
impairment in older adults: A systematic review of psychometric evidence. Dementia and
Geriatric Cognitive Disorders, 49(5), 456-470. https://doi.org/10.1159/000511945

Brandt, J., Spencer, M., & Folstein, M. (1988). The telephone interview for cognitive status.
Neuropsychiatry, Neuropsychology, and Behavioral Neurology, 1(2), 111-117.

Buschke, H., Kuslansky, G., Katz, M., Stewart, W. F., Sliwinski, M. J., Eckholdt, H. M., & Lipton, R. B.
(1999). Screening for dementia with the memory impairment screen. Neurology, 52(2), 231-238.
https://doi.org/10.1212/WNL.52.2.231

Castanho, T. C,, Amorim, L., Zihl, J,, Palha, J. A,, Sousa, N., & Santos, N. C. (2014). Telephone-based
screening tools for mild cognitive impairment and dementia in aging studies: A review of
validated instruments. Frontiers in Aging Neuroscience, 6(16), 1-17. https://doi.org/10.3389/
fnagi.2014.00016

Delis, D. C., Kramer, J. H., Kaplan, E., & Ober, B. A. (2000). California verbal learning test-second. The
Psychological Corporation.

Duara, R, Loewenstein, D. A., Greig-Custo, M. T., Raj, A., Barker, W., Potter, E., Schofield, E., Small, B.,
Schinka, J., Wu, Y., & Potter, H. (2010). Diagnosis and staging of mild cognitive impairment, using
a modification of the clinical dementia rating scale: The mCDR. International Journal of Geriatric
Psychiatry, 25(3), 282-289. https://doi.org/10.1002/gps.2334

Duff, K., Beglinger, L. J., & Adams, W. H. (2009). Validation of the modified telephone interview for
cognitive status in amnestic mild cognitive impairment and intact elders. Alzheimer Disease and
Associated Disorders, 23(1), 38-43. https://doi.org/10.1097/WAD.0b013e3181802c54

Dunn, L. M., & Dunn, L. M. (1997). PPVT-Ill: Peabody picture vocabulary test (3™ ed.). American
Guidance Service.

Habibzadeh, F., Habibzadeh, P., & Yadollahie, M. (2016). On determining the most appropriate test
cut-off value: The case of tests with continuous results. Biochemia Medica, 26(3), 297-307. https://
doi.org/10.11613/BM.2016.034


https://doi.org/10.1159/000511945
https://doi.org/10.1212/WNL.52.2.231
https://doi.org/10.3389/fnagi.2014.00016
https://doi.org/10.3389/fnagi.2014.00016
https://doi.org/10.1002/gps.2334
https://doi.org/10.1097/WAD.0b013e3181802c54
https://doi.org/10.11613/BM.2016.034
https://doi.org/10.11613/BM.2016.034

12 (&) A LSTEINETAL

Hajian-Tilaki, K. (2013). Receiver Operating Characteristic (ROC) curve analysis for medical diagnostic
test evaluation. Caspian Journal of Internal Medicine, 4(2), 627-635.

Hanley, J. A., & McNeil, B. J. (1982). The meaning and use of the area under a receiver operating
characteristic (ROC) curve. Radiology, 143(1), 29-36. https://doi.org/10.1148/radiology.143.1.
7063747

Hebert, L. E., Weuve, J., Scherr, P. A,, & Evans, D. A. (2013). Alzheimer disease in the United States
(2010-2050) estimated using the 2010 census. Neurology, 80(19), 1778-1783. https://doi.org/10.
1212/WNL.0b013e31828726f5

Hughes, C. P., Berg, L., Danziger, W. L., Coben, L. A., & Martin, R. L. (1982). A new clinical scale for the
staging of dementia. British Journal of Psychiatry, 140(6), 566-572. https://doi.org/10.1192/bjp.
140.6.566

Isaacson, R. S., Hristov, H., Saif, N., Hackett, K., Hendrix, S., Melendez, J., Safdieh, J., Fink, M.,
Thambisetty, M., Sadek, G., Bellara, S., Lee, P., Berkowitz, C,, Rahman, A., Meléndez-Cabrero, J.,
Caesar, E., Cohen, R, Lu, P. L., Dickson, S. P. ... Krikorian, R. (2019). Individualized clinical manage-
ment of patients at risk for Alzheimer's dementia. Alzheimer’s & Dementia: The Journal of the
Alzheimer’s Association, 15(12), 1588-1602. https://doi.org/10.1016/j.jalz.2019.08.198

Jak, A. J.,, Bondi, M. W., Delano-Wood, L., Wierenga, C., Corey-Bloom, J., Salmon, D. P., & Delis, D. C.
(2009). Quantification of five neuropsychological approaches to defining mild cognitive
impairment. The American Journal of Geriatric Psychiatry, 17(5), 368-375. https://doi.org/10.
1097/JGP.0b013e31819431d5

Jessen, F., Amariglio, R. E., Buckley, R. F., van der Flier, W. M., Han, Y., Molinuevo, J. L., Rabin, L.,
Rentz, D. M., Rodriguez-Gomez, O., Saykin, A. J,, Sikkes, S. A. M., Smart, C. M., Wolfsgruber, S., &
Wagner, M. (2020). The characterisation of subjective cognitive decline. Lancet Neurology, 19(3),
271-278. https://doi.org/10.1016/5S1474-4422(19)30368-0

Julayanont, P., Brousseau, M., Chertkow, H., Phillips, N., & Nasreddine, Z. S. (2014). Montreal
Cognitive Assessment Memory Index Score (MoCA-MIS) as a predictor of conversion from mild
cognitive impairment to Alzheimer’s disease. Journal of the American Geriatrics Society, 62(4),
679-684. https://doi.org/10.1111/jgs.12742

Katz, M. J., Wang, C., Nester, C. O., Derby, C. A., Zimmerman, M. E,, Lipton, R. B., Sliwinski, M. J., &
Rabin, L. A. (2021). T-Moca: A valid phone screen for cognitive impairment in diverse community
samples. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring, 13(1), e12144.
https://doi.org/10.1002/dad2.12144

Knopman, D. S., Roberts, R. O., Geda, Y. E., Pankratz, V. S., Christianson, T. J.,, Petersen, R. C, &
Rocca, W. A. (2010). Validation of the telephone interview for cognitive status-modified in
subjects with normal cognition, mild cognitive impairment, or dementia. Neuroepidemiology,
34, 34-42. https://doi.org/10.1159/000255464

Krikorian, R. (1996). Independence of verbal and spatial paired associate learning. Brain and
Cognition, 32(2), 219-223.

Krikorian, R., Zimmerman, M. E., & Fleck, D. E. (2004). Inhibitory control in obsessive-compulsive
disorder. Brain and Cognition, 54(3), 257-259. https://doi.org/10.1016/J.Bandc.2004.02.038

Kuslansky, G., Buschke, H., Katz, M., Sliwinski, M., & Lipton, R. B. (2002). Screening for Alzheimer’s
Disease: The memory impairment screen versus the conventional three-word memory test.
Journal of the American Geriatrics Society, 50(6), 1086-1091. https://doi.org/10.1046/j.1532-5415.
2002.50265.x

Lavigne, K. M., Sauvé, G., Raucher-Chéné, D., Guimond, S., Lecomte, T., Bowie, C. R, Menon, M,, Lal, S.,
Woodward, T. S., Bodnar, M. D., & Lepage, M. (2022). Remote cognitive assessment in severe
mental illness: A scoping review. Schizophrenia, 8(1), 14. https://doi.org/10.1038/s41537-022-
00219-x

Lipton, R. B., Katz, M. J., Kuslansky, G., Sliwinski, M. J., Stewart, W. F., Verghese, J., Crystal, H. A, &
Buschke, H. (2003). Screening for dementia by telephone using the memory impairment screen.
Journal of the American Geriatrics Society, 51(10), 1382-1390. https://doi.org/10.1046/j.1532-5415.
2003.51455.x


https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1212/WNL.0b013e31828726f5
https://doi.org/10.1212/WNL.0b013e31828726f5
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.1016/j.jalz.2019.08.198
https://doi.org/10.1097/JGP.0b013e31819431d5
https://doi.org/10.1097/JGP.0b013e31819431d5
https://doi.org/10.1016/S1474-4422(19)30368-0
https://doi.org/10.1111/jgs.12742
https://doi.org/10.1002/dad2.12144
https://doi.org/10.1159/000255464
https://doi.org/10.1016/J.Bandc.2004.02.038
https://doi.org/10.1046/j.1532-5415.2002.50265.x
https://doi.org/10.1046/j.1532-5415.2002.50265.x
https://doi.org/10.1038/s41537-022-00219-x
https://doi.org/10.1038/s41537-022-00219-x
https://doi.org/10.1046/j.1532-5415.2003.51455.x
https://doi.org/10.1046/j.1532-5415.2003.51455.x

AGING, NEUROPSYCHOLOGY, AND COGNITION 13

Manly, J. J., Schupf, N., Stern, Y., Brickman, A. M., Tang, M. X, & Mayeux, R. (2011). Telephone-based
identification of mild cognitive impairment and dementia in a multicultural cohort. Archives of
Neurology, 68(5), 607-614. https://doi.org/10.1001/archneurol.2011.88

Morris, J. C. (1993). The Clinical Dementia Rating (CDR): Current version and scoring rules. Neurology,
43(11), 2412-2414. https://doi.org/10.1212/WNL.43.11.2412-a

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S. Whitehead, V., Collin, I,
Cummings, J. L., & Chertkow, H. (2005). The Montreal Cognitive Assessment, MoCA: A brief
screening tool for mild cognitive impairment. Journal of the American Geriatrics Society, 53(4),
695-699. https://doi.org/10.1111/j.1532-5415.2005.53221.x

Ngandu, T., Lehtisalo, J., Solomon, A., Levélahti, E., Ahtiluoto, S., Antikainen, R., Backman, L.,
Hanninen, T, Jula, A, Laatikainen, T., Lindstrom, J.,, Mangialasche, F., Paajanen, T., Pajala, S.,
Peltonen, M., Rauramaa, R., Stigsdotter-Neely, A., Strandberg, T., Tuomilehto, J. ... Kivipelto, M.
(2015). A 2 year multidomain intervention of diet, exercise, cognitive training, and vascular risk
monitoring versus control to prevent cognitive decline in at-risk elderly people (FINGER):
A randomised controlled trial. The Lancet, 385(9984), 2255-2263. https://doi.org/10.1016/S0140-
6736(15)60461-5

Pendlebury, S. T., Welch, S. J., Cuthbertson, F. C., Mariz, J., Mehta, Z., & Rothwell, P. M. (2013).
Telephone assessment of cognition after transient ischemic attack and stroke: Modified tele-
phone interview of cognitive status and telephone montreal cognitive assessment versus face-to-
face montreal cognitive assessment and neuropsychological battery. Stroke, 44(1), 227-229.

Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic entity. Journal of Internal Medicine,
256(3), 183-194. https://doi.org/10.1111/j.1365-2796.2004.01388.x

Petersen, R. C. (2016). Mild cognitive impairment. CONTINUUM: Lifelong Learning in Neurology, 22(2,
Dementia), 404-418. https://doi.org/10.1212/CON.0000000000000313

Sperling, R. A, Aisen, P. S., Beckett, L. A., Bennett, D. A,, Craft, S., Fagan, A. M., lwatsubo, T., Jack, C. R,,
Jr, Kaye, J., Montine, T. J.,, Park, D. C,, Reiman, E. M., Rowe, C. C, Siemers, E., Stern, Y., Yaffe, K.,
Carrillo, M. C,, Thies, B., Morrison-Bogorad, M. ... Phelps, C. H. (2011). Toward defining the
preclinical stages of Alzheimer’s disease: Recommendations from the National Institute on Aging-
Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers
& Dementia, 7(3), 280-292. https://doi.org/10.1016/j.jalz.2011.03.003

StatSoft, Inc. (2010). STATISTICA (data analysis software system). Version 9.1. www.statsoft.com.

Trevethan, R. (2017). Sensitivity, specificity, and predictive values: Foundations, pliabilities, and
pitfalls in research and practice. Frontiers in Public Health, 5, 307. https://doi.org/10.3389/fpubh.
2017.00307

Welsh, K. A., Breitner, J. C. S., & Magruder-Habib, K. M. (1993). Detection of dementia in the elderly
using telephone screening of cognitive status. Neuropsychiatry, Neuropsychology, & Behavioral
Neurology, 6(2), 103-110.

Yesavage, J. A. (1988). Geriatric depression scale. Psychopharmacology Bulletin, 24(4), 709-711.

Zietemann, V., Kopczak, A., Miiller, C., Wollenweber, F. A., & Dichgans, M. (2017). Validation of the
telephone interview of cognitive status and telephone Montreal cognitive assessment against
detailed cognitive testing and clinical diagnosis of mild cognitive impairment after stroke. Stroke,
48(11), 2952-2957. https://doi.org/10.1161/STROKEAHA.117.017519

Zweig, M. H., & Campbell, G. (1993). Receiver-operating characteristic (ROC) plots: A fundamental
evaluation tool in clinical medicine. Clinical Chemistry, 39(4), 561-577. https://doi.org/10.1093/
clinchem/39.4.561


https://doi.org/10.1001/archneurol.2011.88
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1212/CON.0000000000000313
https://doi.org/10.1016/j.jalz.2011.03.003
http://www.statsoft.com
https://doi.org/10.3389/fpubh.2017.00307
https://doi.org/10.3389/fpubh.2017.00307
https://doi.org/10.1161/STROKEAHA.117.017519
https://doi.org/10.1093/clinchem/39.4.561
https://doi.org/10.1093/clinchem/39.4.561

	Abstract
	Introduction
	Materials and methods
	Participants
	Procedure
	MCI classification
	Data Analysis

	Results
	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	References

