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Abstract

Background/Objectives: Virtual (i.e., telephone or videoconference) care

was broadly implemented because of the COVID-19 pandemic. Our objectives

were to compare the diagnostic accuracy of virtual to in-person cognitive

assessments and tests and barriers to virtual cognitive assessment

implementation.

Design: Systematic review and meta-analysis.

Setting: MEDLINE, EMBASE, CDSR, CENTRAL, PsycINFO, and gray litera-

ture (inception to April 1, 2020).

Participants and interventions: Studies describing the accuracy or reliabil-

ity of virtual compared with in-person cognitive assessments (i.e., reference

standard) for diagnosing dementia or mild cognitive impairment (MCI), identi-

fying virtual cognitive test cutoffs suggestive of dementia or MCI, or describing

correlations between virtual and in-person cognitive test scores in adults.

Measurements: Reviewer pairs independently conducted study screening,

data abstraction, and risk of bias appraisal.

Results: Our systematic review included 121 studies (15,832 patients). Two

studies demonstrated that virtual cognitive assessments could diagnose demen-

tia with good reliability compared with in-person cognitive assessments:

weighted kappa 0.51 (95% confidence interval [CI] 0.41–0.62) and 0.63 (95% CI

0.4–0.9), respectively. Videoconference-based cognitive assessments were 100%

sensitive and specific for diagnosing dementia compared with in-person cogni-

tive assessments in a third study. No studies compared telephone with in-

person cognitive assessment accuracy. The Telephone Interview for Cognitive

Status (TICS; maximum score 41) and modified TICS (maximum score 50)

were the only virtual cognitive tests compared with in-person cognitive assess-

ments in >2 studies with extractable data for meta-analysis. The optimal TICS

cutoff suggestive of dementia ranged from 22 to 33, but it was 28 or 30 when

testing was conducted in English (10 studies; 1673 patients). Optimal modified

TICS cutoffs suggestive of MCI ranged from 28 to 31 (3 studies; 525 patients).
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Sensory impairment was the most often voiced condition affecting assessment.

Conclusion: Although there is substantial evidence supporting virtual cogni-

tive assessment and testing, we identified critical gaps in diagnostic certainty.
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INTRODUCTION

In an era of physical distancing measures to prevent the
spread of COVID-19, we are encouraged by health
authorities to facilitate virtual medical encounters
(i.e., telephone or videoconference) for older adults. As
physical distancing restrictions relax, some patients may
return to their doctor's office for in-person assessments.
Others will receive ongoing care virtually: many believe
the popularity of virtual medical care will continue.1 Cog-
nitive assessments (e.g., based on Diagnostic and Statisti-
cal Manual of Mental Disorders [DSM] criteria for
dementia and mild cognitive impairment [MCI]), which
consist of identifying cognitive domain deficits (e.g., del-
ayed recall, visuospatial skills) and associated functional
impairments, have always been a critical component of
in-person assessments for older adults. As part of a cogni-
tive assessment, cognitive testing (e.g., Montreal Cogni-
tive Assessment [MoCA], Telephone Interview for
Cognitive Status [TICS]) can support a diagnosis of MCI
or dementia through standardized identification of cogni-
tive domain deficits and enable clinicians to develop
holistic treatment plans that help older adults to com-
plete basic and instrumental activities of daily living.2–5

Now, cognitive assessments and cognitive testing will
continue to play an important role in virtual assessments,
but our approach must be adapted to the virtual
environment.

The recent rapid adoption of virtual cognitive assess-
ments into clinical practice has created an immediate
need to better understand the accuracy of virtual cogni-
tive assessments and testing. If we are to continue provid-
ing evidence-informed care for older adults in the
COVID-19 era, clinicians caring for older adults must
become skilled at conducting virtual cognitive assess-
ments and testing. We completed a systematic review of
diagnostic accuracy studies to fill this critical knowledge
gap. In our systematic review, we describe the accuracy
and reliability of virtual compared with in-person cogni-
tive assessments for diagnosing dementia or MCI, virtual
cognitive test cutoffs suggestive of dementia or MCI com-
pared with an in-person cognitive assessment, and corre-
lations between virtual and in-person cognitive test
scores. To enable rapid implementation of virtual

cognitive assessment and testing into routine clinical
practice, we synthesized barriers and facilitators to their
use as described by study authors of included studies.

Key Points

• The recent rapid adoption of virtual
(i.e., telephone or videoconference) cognitive
assessment into clinical practice has created an
urgent need to better understand its accuracy.

• We conducted a systematic review and meta-
analysis (121 studies [15,832 patients]) to
describe the accuracy and reliability of virtual
compared with in-person cognitive assess-
ments for diagnosing dementia or mild cogni-
tive impairment (MCI), identify virtual
cognitive test cutoffs suggestive of dementia or
MCI compared with an in-person cognitive
assessment, and highlight barriers and facilita-
tors to implementing virtual cognitive assess-
ments and testing.

• Although three studies comparing videoconfer-
ence to in-person cognitive assessments (based
on Diagnostic and Statistical Manual of Mental
Disorders [DSM] criteria) demonstrated good
reliability and accuracy of virtual cognitive
assessments in diagnosing dementia, we did
not identify any studies comparing the accu-
racy of telephone to in-person cognitive
assessments—this represents a critical knowl-
edge gap.

Why Does this Paper Matter?

We highlight diagnostic uncertainty associated
with virtual cognitive assessment and testing, an
absence of studies comparing the accuracy of
telephone to in-person cognitive assessment, and
key barriers and facilitators to implementing vir-
tual cognitive assessments and tests in clinical
practice.
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METHODS

We published our protocol on Open Science Framework
and registered it with PROSPERO (CRD42020186290).
Our systematic review was written in accordance
with the Preferred Reporting Items for a Systematic
Review and Meta-analysis of Diagnostic Test Accuracy
Studies.6

Data sources and searches

We searched MEDLINE, EMBASE, CDSR, CENTRAL,
and PsycINFO for citations published in any language
from inception until April 1, 2020 (see File S1 for
MEDLINE search strategy). We also searched the gray lit-
erature (File S2) and reviewed reference lists of included
studies and related systematic reviews.

Study selection

We included studies assessing the accuracy or reliability
of virtual compared with in-person cognitive assessments
for diagnosing dementia or MCI, identifying virtual cog-
nitive test (e.g., TICS, MoCA) cutoffs suggestive of
dementia or MCI compared with an in-person cognitive
assessment, or describing the correlation between virtual
and in-person cognitive test scores in adults.4,7 Our popu-
lation of interest included adults (1) without cognitive
impairment, (2) diagnosed with MCI, or (3) diagnosed
with dementia as per established criteria (e.g., Petersen,
Diagnostic and Statistical Manual of Mental Disorders
[DSM], National Institute on Aging-Alzheimer's Associa-
tion).3,8–10 After reviewer pairs (ZG, NL, and JW) reached
at least 80% agreement in a pilot screening exercise, they
independently screened (1) all citations and (2) full-text
articles (of citations retained from step #1) to establish
inclusion eligibility. Discrepancies regarding study inclu-
sion were resolved by deliberation within reviewer pairs.

Data abstraction and quality assessment

Pairs of reviewers (ZG, NL, NR, YT, MV, JW, and CW)
independently abstracted data from each included full-text
article and appraised each article's quality with the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2)
tool.11 We rated studies at high risk of bias from study flow
and timing if virtual and in-person cognitive tests were
conducted >6 months apart. Where reported by study

authors, we abstracted study and study-level participant
characteristics from each study (i.e., authorship, year of
publication, degree of cognitive impairment [i.e., no cogni-
tive impairment, MCI, dementia], average age of study
population, and proportion of women in each study popu-
lation); details describing how cognitive assessments and
tests were implemented (i.e., method of virtual cognitive
testing delivery [e.g., telephone, videoconference], lan-
guage of cognitive testing, barriers to implementing virtual
cognitive testing); and outcome data comparing test scores
from cognitive assessments and tests conducted virtually
compared with in-person (i.e., correlation coefficients, sen-
sitivity, specificity, true positives [TP], true negatives [TN],
false positives [FP], false negatives [FN], and area under
the receiver operating characteristics [AUC] curve). Dis-
crepancies regarding data abstraction and quality assess-
ment were resolved by deliberation within reviewer pairs
or by a third reviewer.

Quantitative data synthesis

We derived summary receiver operating characteristic
curves (SROC), optimal cutpoint thresholds (maximum
value of the weighted sum of sensitivity and specificity),
and AUC values at optimal cutpoint thresholds. We
pooled TP, TN, FP, and FN values at cognitive test cutoffs
using restricted maximum likelihood estimation from
inverse variance weighted linear mixed effects models.12

These meta-analytic models can incorporate TP, TN, FP,
and FN values from multiple cutpoints in each included
study and estimate the optimal cutpoint threshold by
incorporating all data points from included studies into a
single meta-analytic model.12 SROC curves were pres-
ented with confidence regions.12 We derived meta-ana-
lytic effect estimates from studies comparing a virtual
cognitive test to an in-person reference standard, which
we defined as assessments conducted by clinicians using
established diagnostic criteria (e.g., DSM or Petersen
criteria).3,8 We presented positive (LR+) and negative
(LR�) likelihood ratios to facilitate interpretation of
meta-analytic estimates.13 The TICS is administered by
telephone; thus, we did not conduct a subgroup analysis
based on modality of administration. We did a post hoc
subgroup analysis of studies where the mean years of for-
mal education completed was >8, which roughly corre-
sponds to at least an elementary school level of
education. We performed a sensitivity analysis by exclud-
ing studies at high risk of bias from conduct or interpre-
tation of the reference standard.11 We were unable to
complete a sensitivity analysis by excluding studies at
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high risk of bias from patient flow through the study and
timing of reference and index tests because there were
too few remaining studies. Analyses were performed in
R, version 4.0.0.12

Qualitative data synthesis

We conducted a qualitative meta-synthesis to understand
potential barriers and facilitators associated with
implementing virtual cognitive assessments and test-
ing.14,15 Two reviewers (JAW and ZG) coded barriers and
facilitators inductively (independently and in duplicate)
and categorized them into themes. JAW and ZG

categorized codes by test or assessment timing (i.e.,
before, immediately preceding, or during) and deliber-
ated discrepancies within the reviewer pair.

RESULTS

Characteristics of included studies

We screened 9200 article titles and abstracts and 417 full-
text articles, which resulted in 121 included studies
(15,832 participants) (Figure 1). We identified 84 virtual
cognitive tests (some of which have different versions or
contain subtests). Most studies implemented virtual

FIGURE 1 PRISMA flow diagram
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cognitive testing via telephone (69.4%) (Table 1 and
Table S1). The TICS or modified TICS were the most uti-
lized virtual cognitive tests (reported in 33.9% of studies)
(Table 1). Virtual cognitive tests were studied in at least
13 languages (Table 1). Sixty-nine (57.0%) of the studies
reported correlations between virtual and in-person cogni-
tive test scores (Table S2). Risk of bias from patient flow
through the study and timing of reference and index tests

was high in 46.3% of studies and represented the greatest
threat to study validity (Table S3 and Figure S1).

Accuracy and reliability of virtual
compared with in-person cognitive
assessment for diagnosing dementia

We found three studies describing the accuracy or reliabil-
ity of videoconference compared with in-person cognitive
assessments based on DSM-IV criteria.16–18 In a prospective
cohort study of 16 Washington State Veterans' Home resi-
dents who did not have a history of dementia, geriatric psy-
chiatrists had 100% agreement (i.e., 100% sensitivity and
specificity because the in-person assessment was the refer-
ence standard) between videoconference and in-person
assessments in diagnosing 12 residents with dementia (type
not specified).16 However, this study was conducted in a
highly selected patient population: residents had a high
probability of having dementia based on the 7-Minute
Screen.16 Further, all residents had a MMSE completed
prior to in-person and videoconference cognitive assess-
ments, and MMSE results were reviewed by the geriatric
psychiatrists. In a prospective study of older adults (aged
50 years and older) with undiagnosed cognitive problems
who were referred to a memory disorder clinic,
videoconference-based cognitive assessments demonstrated
good reliability compared with in-person cognitive assess-
ments when completed by specialist physicians experi-
enced in diagnosing dementia (weighted kappa 0.51, 95%
CI 0.41–0.62).17 Further, in a separate study comparing reli-
ability between videoconference and in-person assessments
for diagnosing dementia (type not specified) in a cohort of
older adults (aged 50 years and older) referred to a memory
disorder clinic, Martin-Khan et al., reported a weighted
kappa of 0.63 (95% CI 0.4–0.9) between videoconference
and in-person assessments conducted by a geriatrician and
psycho-geriatrician.18 Both geriatricians were provided
with cognitive testing results before their assessments,
which were completed by a clinic nurse. However, it was
unclear if these two geriatricians were blinded to each
other's findings.18 We did not find any studies comparing
the diagnostic accuracy of a telephone compared with in-
person cognitive assessment based on DSM criteria.

Virtual cognitive test cut-offs suggestive
of dementia or mild cognitive impairment
and correlations between virtual and
in-person cognitive test scores

We describe the three most reported virtual cognitive
tests in our systematic review: the TICS, MMSE, and

TABLE 1 Characteristics of included studies

Study characteristic
Number of
studies (%)

Mean age

≤60 16 (14.0)

61–69 23 (19.8)

70–79 62 (51.2)

≥80 11 (9.1)

Not reported 7 (0.6)

Proportion females

≥50% 69 (57.0)

<50% 38 (31.4)

Not reported 14 (11.6)

Degree of cognitive impairment

No cognitive impairment 12 (9.9)

Mixed (no cognitive impairment,
MCI, dementia)

73 (60.3)

MCI/dementia 2 (1.7)

MCI 1 (0.8)

Dementia 6 (5)

Other 5 (4.1)

Not reported 22 (18.2)

Most commonly reported virtual cognitive tests

TICS or modified TICS 41 (33.9)

MMSE or modified MMSE 22 (18.2)

MoCA or modified MoCA 9 (7.4)

Language of cognitive assessment or cognitive testing

English 28 (23.1)

Othera 36 (30.6)

Not reported 56 (46.3)

Modality of virtual cognitive testing

Telephone 85 (69.4)

Videoconference 37 (30.6)

Abbreviations: MCI, mild cognitive impairment; MMSE, Mini Mental State
Examination; MoCA, Montreal Cognitive Assessment; TICS, telephone
interview for cognitive status.
aOther: Chinese (number [n] = 5), Dutch (n = 3), English or Spanish
(n = 2), French (n = 2), Finnish (n = 1), German (n = 5), Hebrew (n = 1),

Italian (n = 4), Japanese (n = 3), Korean (n = 2), Portuguese (n = 4),
Spanish (n = 4), Turkish (n = 1).
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MoCA (Table 1). Only the TICS (maximum score of 41)
and modified TICS (maximum score of 50) were com-
pared with a reference standard in >2 studies and had
extractable effect estimates that could be meta-analyzed
(study-specific estimates of diagnostic accuracy for all
cognitive tests are found in Table S2).

Telephone interview for cognitive
status (TICS)

We included 10 studies (1673 participants) in our meta-
analysis to derive the optimal TICS (maximum score of
41) cutoff value supportive of a diagnosis of dementia
(Table 2).5,19–27 The optimal TICS cutoff suggestive of
dementia ranged from 22 to 33, but it was 28 or 30 when
the TICS was conducted in English. At the optimal cutoff
value of 26, the pooled sensitivity was 0.80 (95% CI 0.61–
0.92), the pooled specificity was 0.90 (95% CI 0.72–0.98),

and the AUC was 0.92 (Figure 2(A)). In a subgroup of
studies where cognitive testing was conducted in English,
the optimal cutoff value was 29; the pooled sensitivity at
this cutoff value was 0.72 (95% CI 0.40–0.92), the pooled
specificity was 0.85 (95% CI 0.62–0.96), and AUC was
0.86. In a subgroup of studies where the mean years of
formal education was >8, the optimal cutoff value was 27;
the pooled sensitivity at this cutoff value was 0.83 (95% CI
0.58–0.96), the pooled specificity at this cutoff value was
0.92 (95% CI 0.67–0.99), and AUC was 0.94. In a sensitiv-
ity analysis where we removed studies at high risk of bias
from the conduct or interpretation of the reference stan-
dard, the optimal cutoff value was 25; the pooled sensitiv-
ity at this cutoff value was 0.78 (95% CI 0.59–0.91), the
pooled specificity at this cutoff value was 0.92 (95% CI
0.75–0.98), and AUC was 0.92. Two studies reported cut-
offs for the TICS supportive of a diagnosis of MCI: Manly
et al. determined the optimal cutoff was 29 and Seo et al.
determined the optimal cutoff was 28.23,25

TABLE 2 Diagnostic accuracy of TICS and modified TICS

Cutoff
Pooled sensitivity at cutoff
(95% CI)

Pooled specificity at cutoff
(95% CI)

Positive likelihood
ratio

Negative likelihood
ratio

DEMENTIA

TICS (maximum score of 41): 10 studies (1673 participants)5,19–27

25 0.76 (0.56 to 0.90) 0.93 (0.79 to 0.99) 10.9 0.3

26* 0.80 (0.61 to 0.92) 0.90 (0.72 to 0.98) 8 0.2

27 0.84 (0.67 to 0.94) 0.85 (0.64 to 0.96) 5.6 0.2

28 0.87 (0.72 to 0.96) 0.80 (0.55 to 0.94) 4.4 0.2

29 0.90 (0.76 to 0.97) 0.72 (0.46 to 0.90) 3.2 0.1

30 0.92 (0.80 to 0.98) 0.64 (0.37 to 0.86) 2.6 0.1

Modified TICS (maximum score of 50): 3 studies (435 participants)25,28,29

25 0.80 (0.53 to 0.95) 0.93 (0.75 to 0.99) 11.4 0.2

26* 0.85 (0.61 to 0.96) 0.89 (0.68 to 0.98) 7.7 0.2

27 0.89 (0.68 to 0.98) 0.85 (0.61 to 0.96) 5.9 0.1

28 0.92 (0.74 to 0.99) 0.79 (0.53 to 0.94) 4.4 0.1

29 0.94 (0.79 to 0.99) 0.73 (0.44 to 0.92) 3.5 0.1

30 0.96 (0.84 to 0.99) 0.66 (0.36 to 0.88) 2.8 0.1

MILD COGNITIVE IMPAIRMENT

Modified TICS (maximum score of 50): 3 studies (525 participants)25,28,30

25 0.26 (0.12 to 0.46) 0.95 (0.88 to 0.99) 5.2 0.8

26 0.36 (0.18 to 0.58) 0.93 (0.82 to 0.98) 5.1 0.7

27 0.47 (0.26 to 0.69) 0.89 (0.74 to 0.96) 4.3 0.6

28 0.58 (0.35 to 0.78) 0.83 (0.66 to 0.94) 3.4 0.5

29 0.68 (0.48 to 0.86) 0.77 (0.56 to 0.90) 3 0.4

30* 0.77 (0.55 to 0.91) 0.68 (0.45 to 0.86) 2.4 0.3

Abbreviations: CI, confidence interval; *, optimal cutoff; TICS, telephone interview for cognitive status.
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Modified telephone interview for cognitive
status (TICS)

We included three studies (435 participants) in our meta-
analysis to derive the optimal modified TICS (maximum
score of 50) cutoff value supportive of a diagnosis of dementia
(Table 2).25,28,29 At the optimal cutoff value of 27, the pooled
sensitivity was 0.85 (95% CI 0.61–0.96), the pooled specificity
was 0.89 (95% CI 0.68–0.98), and the AUC was 0.94 (Figure 2
(B)). We included three studies (525 participants) in our
meta-analysis to derive the optimal modified TICS cutoff
value supportive of a diagnosis of MCI (Table 2).25,28,30 At the
optimal cutoff value of 30, the pooled sensitivity was 0.77
(95% CI 0.55–0.91), the pooled specificity was 0.68 (95% CI
0.45–0.86), and the AUC was 0.80 (Figure 2(C)).

Mini-mental state examination (MMSE)

Two studies reported sensitivity and specificity values, com-
pared with a reference standard, for modified versions of
the Mini-Mental State Examination (MMSE) supportive of

a diagnosis of dementia (Table S2).31,32 At a cutoff of 13
(maximum possible score 22), the sensitivity of the MMSE
conducted on the telephone in Brazilian Portuguese for
diagnosing dementia was 0.9 and specificity 1.31 At a cutoff
of 13 (maximum possible score 26), the sensitivity of the
MMSE conducted on the telephone in Cantonese for diag-
nosing dementia was 1 and specificity was 0.67.32 One
study reported sensitivity and specificity values, compared
with a reference standard, for a modified version of the
MMSE supportive of with a diagnosis of MCI: at a cutoff of
89 (maximum possible score 100), the sensitivity of the
Telephone Modified MMSE in German was 0.83 and speci-
ficity was 1.33 Pearson correlations for telephone compared
with in-person MMSE testing ranged from 0.54 to 0.88.34–36

Pearson correlations for videoconference compared with
in-person MMSE testing ranged from 0.89 to 0.92.37–39

Montreal-cognitive assessment (MoCA)

Two studies reported sensitivity and specificity values,
compared with a reference standard, for modified

FIGURE 2 Summary receiver operating characteristic curves for telephone interview for cognitive status (TICS) and modified TICS.

Panel A is the summary receiver operating characteristic curve (SROC) associated with the optimal cutoff threshold for the Telephone Interview

for Cognitive Status (TICS) (maximum score 41) suggestive of dementia. Panel B is the SROC associated with the optimal cutoff threshold for the

modified TICS (maximum score 50) suggestive of dementia. Panel C is the SROC associated with the optimal cutoff threshold for the modified

TICS suggestive of mild cognitive impairment. SROC curves are indicated by the solid line. The optimal cutoff threshold is indicated by the '+'.

Individual data points from each study are indicated by uniquely colored circles. The 95% confidence interval (CI) for sensitivity, given

specificity, is indicated by the solid gray line. The 95% CI for specificity, given sensitivity, is indicated by the interrupted gray line

ACCURACY OF VIRTUAL COGNITIVE ASSESSMENT 7



FIGURE 3 Synthesis of barriers and facilitators to virtual cognitive assessment and virtual cognitive testing
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versions of the MoCA supportive of a diagnosis of MCI
(Table S2).40,41 At a cutoff of 7 (maximum possible score
12), the sensitivity of the short version of the telephone
MoCA for diagnosing MCI was 0.41 and specificity was
0.88.40 At a cutoff value of 20 (maximum possible score
22), the sensitivity of the MoCA conducted on the tele-
phone in German was 0.9 and specificity was 0.54.41

Intraclass correlation coefficients for videoconference
compared with in-person MoCA testing ranged from 0.59
to 0.99.42–45

Barriers and facilitators to virtual cognitive
assessment and testing

We derived 56 unique codes and seven major themes in
our meta-synthesis of barriers and facilitators associated
with virtual cognitive assessment and virtual cognitive
testing (Figure 3 and File S3). We derived codes describ-
ing barriers and facilitators associated with access to
(i.e., not all patients have the required hardware or tech-
nology, remote assessment is beneficial to the patient due
to lack of travel and cost savings) and implementation of
(i.e., clinician pronunciation is important for successful
assessment, remote assessment depends heavily on sound
and image quality) virtual cognitive assessment and cog-
nitive testing (Figure 3). We identified patient symptoms
or conditions affecting assessment, patient and care part-
ner experiences, health care provider factors, cognitive
test factors, technology factors, language factors, and
presence of persons who could support virtual care as
major themes. Sensory (i.e., visual or hearing) impair-
ment was the most often voiced patient symptom or con-
dition affecting assessment by patients and clinicians.
Overall, patients reported a high degree of acceptance
and comfort associated with virtual care. However, a lack
of access to and familiarity with technology required for
videoconference-based assessments caused frustration
and fatigue for patients. To overcome this barrier, some
studies had care partners or support staff setup necessary
videoconferencing equipment.

DISCUSSION

Our systematic review is a comprehensive synthesis of
studies comparing the diagnostic accuracy of videocon-
ference to in-person cognitive assessments and virtual
cognitive test cutoffs suggestive of dementia or MCI. Fur-
ther, we qualitatively synthesized barriers and facilitators
to virtual cognitive assessment. We found three studies
demonstrating that virtual cognitive assessments have
good accuracy compared with in-person cognitive

assessments, but we did not identify any studies compar-
ing the accuracy of telephone with in-person cognitive
assessments (based on established criteria such as the
DSM)—this is an important knowledge gap given that
two-thirds of older adults are receiving virtual care via
the telephone during the COVID-19 pandemic.46 How-
ever, our systematic review and meta-analysis identified
thresholds suggestive of cognitive impairment based on
the TICS (the most studied telephone-based cognitive test
in our systematic review). Cognitive tests such as the
TICS that are coupled with appropriate functional ability
inquiry could aid clinicians in completing telephone-
based cognitive assessments, but the baseline prevalence
of dementia or MCI (i.e., nursing home, memory clinic,
or primary care setting) will impact the post-test proba-
bility of diagnosis. Although scores from other virtual
cognitive tests (i.e., MMSE, MoCA) demonstrated moder-
ate-to-high correlation with those conducted in-person,
there was substantial variability across studies and rela-
tively few studies reported cutoffs consistent with demen-
tia or MCI. Identified barriers and facilitators
(e.g., hearing impairment, presence of a caregiver to sup-
port technology use) to virtual cognitive assessment and
testing or the length of time between in-person and vir-
tual cognitive assessments and testing may explain some
of this variability. Our results are timely and important
given renewed and growing interest in conducting virtual
cognitive assessments and testing: there is a large evi-
dence base supporting virtual cognitive testing and
assessments, but there are also important knowledge
gaps to be filled.

Our systematic review highlights the diagnostic accu-
racy of a cognitive test that may be unfamiliar to
clinicians—the TICS.5 The TICS was adapted from and
correlates highly with the MMSE (Pearson correlation
0.94, p < 0.0001).5,7 The TICS is composed of 11 tasks
designed to assess the cognitive domains of orientation,
memory, attention/calculation, and language.5 In the ini-
tial TICS validation study, Brandt et al., enrolled
100 patients with dementia (mean TICS 35.79 [SD 1.75],
range 0–31) and 33 control patients (mean TICS 13.2
[SD 8.53], range 31–39).5 They chose a cutoff of fewer
than 31 points as supportive of cognitive impairment,
which corresponded to a sensitivity of 94% and specificity
of 100% for identifying dementia.5 However, subsequent
studies have enrolled patient populations where (1) the
difference in mean TICS scores between those with and
without dementia was smaller, (2) there was greater vari-
ability in TICS scores within groups of patients with and
without dementia, and (3) the mean TICS scores in per-
sons with dementia were lower than that in the study by
Brandt et al.21,23,25 Two subgroup analyses in our system-
atic review and meta-analysis suggest that language and
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education may be important determinants of optimal
TICS cutoffs supportive of a diagnosis of dementia:
27 was the optimal cutoff threshold where the mean
years of formal education was >8 and 29 was the optimal
cutoff threshold where cognitive testing was conducted
in English. Greater diversity in study patient populations
may at least partially explain the lower optimal cutoff
threshold for the TICS identified in our meta-analysis.

Barriers and facilitators described by study authors
illustrate key considerations for clinicians who are
adapting their practices to incorporate virtual cognitive
assessments and virtual cognitive testing. Clinicians and
patients engaged in virtual cognitive testing experienced
some barriers similar to those present in face-to-face cog-
nitive assessments and testing (e.g., the impact of culture,
education, and language on the conduct and interpreta-
tion of cognitive testing). Other barriers are unique to the
virtual environment: lack of access to or familiarity with
videoconferencing technology, loss of certain nonverbal
cues that suggest potential cognitive impairment, and a
lesser ability to prevent disruptions that might occur out-
side of the clinician's office. Barriers and facilitators asso-
ciated with telemedicine use by patients and frontline
staff have been previously described (e.g., involvement of
support persons to facilitate assessment, internet or
phone availability, and lack of training).34,35 We have
added to this evidence by highlighting unique consider-
ations for conducting cognitive testing in persons who
may have cognitive or sensory impairment.47,48 Clini-
cians will need to tailor their approach to virtual cogni-
tive testing to ensure patients' performance is not
compromised by challenges imposed by the testing envi-
ronment rather than their cognitive abilities.

Our systematic review and meta-analysis has several
limitations. First, important considerations in understand-
ing the validity and reliability of each cognitive test's diag-
nostic accuracy, including the training of persons
administering tests or the baseline prevalence of cognitive
impairment, were not always reported. Second, in many
cases, the type of dementia or MCI being assessed was not
specified or multiple types were assessed concurrently; we
could not comment on the diagnostic accuracy of the TICS
in persons with Alzheimer's disease or vascular dementia,
specifically. Lastly, identified barriers and facilitators asso-
ciated with virtual cognitive testing describe only those
reported by study authors in their clinical setting, which
may not generalize to the experiences of patients, care-
givers, and clinicians across different care settings.

In conclusion, although there is evidence supporting
virtual cognitive testing and assessments, important
knowledge gaps related to telephone assessments, in par-
ticular, must be filled because many older adults have
not been able to access videoconference assessments

during the COVID-19 pandemic.46,49 The TICS and modi-
fied TICS are more extensively validated than other vir-
tual cognitive tests, but virtual cognitive tests familiar to
clinicians (i.e., MMSE and MoCA) demonstrated
moderate-to-high correlation with in-person test versions
and should be studied further to better understand vari-
ability in study-specific estimates. Patients, caregivers, cli-
nicians, researchers, and policy-makers must consider
both the diagnostic accuracy of virtual cognitive assess-
ments and barriers faced by patients, caregivers, and cli-
nicians in accessing and using these assessments to
continue supporting patient needs during the COVID-19
pandemic and beyond.
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Editor’s Note
Watt et al. offer a thoughtful, relevant and rigorous review of the current state of knowledge regarding remotely
administered neurocognitive diagnostic testing, and the news is encouraging: there is some evidence that results
of video and telephone administration can be comparable to in-person administration. Watt et al confine their
review to multi-domain diagnostic tests, or ‘mini-batteries‘, not simple, first-stage cognitive impairment screen-
ing tools such as those that might be used in Annual Wellness Visits. In addition, the tests best studied for com-
parability of remote and in-person administration are proprietary, supporting the need to establish accurate
remote testing protocols for freely-available assessments. Clinicians should also understand that remote admin-
istration itself can impose limitations related to the use of and comfort with technology, and may exacerbate (or
at least not diminish) the cultural, linguistic, educational, sensory and other contextual biases and barriers that
can be encountered with existing in-person tests.
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TWITTER
Jennifer A. Watt @JennAnnWatt
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