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A B S T R A C T

Background

Remote cognitive assessments are increasingly needed to assist in the detection of cognitive disorders, but the diagnostic accuracy of
telephone- and video-based cognitive screening remains unclear.

Objectives

To assess the test accuracy of any multidomain cognitive test delivered remotely for the diagnosis of any form of dementia.

To assess for potential diDerences in cognitive test scoring when using a remote platform, and where a remote screener was compared to
the equivalent face-to-face test.

Search methods

We searched ALOIS, the Cochrane Dementia and Cognitive Improvement Group Specialized Register, CENTRAL, MEDLINE, Embase,
PsycINFO, CINAHL, Web of Science, LILACS, and ClinicalTrials.gov (www.clinicaltrials.gov/) databases on 2 June 2021. We performed
forward and backward searching of included citations.

Selection criteria

We included cross-sectional studies, where a remote, multidomain assessment was administered alongside a clinical diagnosis of
dementia or equivalent face-to-face test.

Data collection and analysis

Two review authors independently assessed risk of bias and extracted data; a third review author moderated disagreements. Our primary
analysis was the accuracy of remote assessments against a clinical diagnosis of dementia. Where data were available, we reported test
accuracy as sensitivity and specificity. We did not perform quantitative meta-analysis as there were too few studies at individual test level.

For those studies comparing remote versus in-person use of an equivalent screening test, if data allowed, we described correlations,
reliability, diDerences in scores and the proportion classified as having cognitive impairment for each test.
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Main results

The review contains 31 studies (19 diDering tests, 3075 participants), of which seven studies (six telephone, one video call, 756 participants)
were relevant to our primary objective of describing test accuracy against a clinical diagnosis of dementia. All studies were at unclear or
high risk of bias in at least one domain, but were low risk in applicability to the review question. Overall, sensitivity of remote tools varied
with values between 26% and 100%, and specificity between 65% and 100%, with no clearly superior test.

Across the 24 papers comparing equivalent remote and in-person tests (14 telephone, 10 video call), agreement between tests was good,
but rarely perfect (correlation coeDicient range: 0.48 to 0.98).

Authors' conclusions

Despite the common and increasing use of remote cognitive assessment, supporting evidence on test accuracy is limited. Available data
do not allow us to suggest a preferred test. Remote testing is complex, and this is reflected in the heterogeneity seen in tests used, their
application, and their analysis. More research is needed to describe accuracy of contemporary approaches to remote cognitive assessment.
While data comparing remote and in-person use of a test were reassuring, thresholds and scoring rules derived from in-person testing may
not be applicable when the equivalent test is adapted for remote use.

P L A I N   L A N G U A G E   S U M M A R Y

How accurate are remote, virtual assessments at diagnosing dementia?

Why is this question important?

Dementia is a chronic and progressive condition that aDects peoples' memory and ability to function day-to-day. A clinical diagnosis of
dementia usually involves brain scans, physical examinations and history taking. As a first step, we oNen use memory and thinking tests to
identify people who need further assessment. Traditionally these tests are performed in-person, but modifications of the tests allow them
to be used over the telephone or via video calls – sometimes called 'remote assessment'.

The need for remote assessment has become particularly urgent due to COVID-19. However, there are potential benefits of remote
assessment beyond the COVID-19 pandemic. Physically attending appointments can be diDicult for some people and remote assessments
oDer greater convenience. Remote assessments are also useful in research, as a large number of people can be reached in a fairly short
amount of time.

A test delivered by telephone may not be as good as the in-person equivalent, and getting these tests right is important. One the one hand,
If a test suggests someone has dementia when they do not (called a false positive), this can have an emotional impact on the person and
their family. On the other hand, not identifying memory and thinking problems when they are present (called a false negative), mean that
the person does not get the treatment and support that they need.

What was the aim of this review?

We aimed to assess whether memory and thinking tests carried out by telephone or video call can detect dementia.

What was studied in this review?

We looked at various memory and thinking tests. Many tests have been developed over time and they diDer in their content and application,
but most are based on a modification of a traditional in-person test.

What were the main results of this review?

The review included 31 studies, using 19 diDerent memory tests, with a total of 3075 participants.

Only seven tests were relevant to our question regarding accuracy of remote testing. With the limited number of studies, estimates on the
accuracy of these tests are imprecise. Our review suggests that remote tests could correctly identify people with dementia between 26%
and 100% of the time, and could correctly rule out dementia 65% to 100% of the time.

The remaining 24 studies compared a remote test with the face-to-face equivalent. These studies suggested that remote test scores usually
agreed with in-person testing, but this was not perfect.

How reliable are the results of the studies in this review?

In these studies, a clinical diagnosis of dementia was used as the reference (gold) standard. We identified a number of issues in the design,
conduct and reporting of the studies. A particular issue was around the selection of participants for the studies. Studies oNen did not
include people with hearing or language impairments that may have complicated remote testing.

Who do the results of this study apply to?

Diagnostic test accuracy of remote, multidomain cognitive assessment (telephone and video call) for dementia (Review)
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Most studies investigated older adults (over 65 years). The findings may not be representative of all older adults with dementia, as some
studies only examined specific groups of people, for example, aNer stroke. The studies were usually performed in specialist centres by
experts. So, we do not know how well these tests identify dementia in routine community practice.

What are the implications of this review?

The review highlights the lack of high-quality research describing accuracy of telephone- and video call-based memory and thinking tests.
There were many diDerences between the studies included in this review such as the type of test used, participants included, the setting
in which the study is carried out and language studied. This made comparisons between studies diDicult. Our review suggests that remote
assessments and in-person assessments are not always equivalent. In situations where access to in-person assessment is diDicult, remote
testing could be used as a useful first step. Ideally, this should be followed up with an in-person assessment before a diagnosis is made. Due
to limited studies, and diDerences in the way studies were carried out, we cannot recommend one particular remote test for the assessment
of dementia.

How up to date is this review?

This search was performed in June 2021.

Diagnostic test accuracy of remote, multidomain cognitive assessment (telephone and video call) for dementia (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Summary of findings table test accuracy studies

Patient popula-
tion

Any adult aged > 18 years requiring cognitive testing.

Index test Any remote multidomain cognitive screening tool (e.g. telephone, video call, smartphone).

Reference stan-
dard

Any clinical diagnosis of dementia.

Target condition Dementia (all-cause and subtypes).

Included studies 7 studies, 6 studies of telephone assessment (756 participants), 1 study of video call (42 participants).

Quality concerns All studies were at high or unclear risk of bias for ≥ 1 domain.

Heterogeneity There was significant heterogeneity between studies, particularly in the populations included, index test used and the reference standard dementia as-
certainment.

Study ID Comparison Index test Total
number
included

Number
with de-
mentia

Test threshold Sensitivi-
ty

(%)

Specifici-
ty

(%)

Positive
predictive
value

(%)

Negative
predictive
value

(%)

Telephone assessments

19 87 100 100 84

20 90 83 89 85

Burns 2020 Dementia vs no dementia Tele-Free-
Cog

107 64

21 94 65 80 88

13 90 100 100 90

14 90 89 90 89

15 94 84 85 93

Cammozzato
2011

Alzheimer's disease vs no
dementia

ALFI-MMSE

(Brazilian)

133 66

16 100 75 80 100
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Roccaforte 1992 Dementia (CDR 1–2) vs no
dementia (CDR 0–0.5)

ALFI-MMSE 100 81 17 67 100 100 61

5 – unadjusted 26 97 94 40

7 – unadjusted 56 91 92 52

5 – adjusted 41 97 96 46

Roccaforte 1994 Dementia (CDR 1–2) vs no
dementia (CDR 0–0.5)

SPSMQ 100 66

7 – adjusted 74 79 87 61

Salazar 2014 N/A TICS-m

MIS-t

TEXAS

184 57 NR NR NR NR NR

Zhou 2004 Dementia vs no

dementia

IMCT 132 65 Education

adjusted:

illiterate – 17

primary school – 20

middle school – 22

university – 23

80 80.6 79 81

Video-call assessments

Wong 2012 Dementia (moderate or se-
vere impairment) vs no de-
mentia

RUDAS 42 8 23 80 91 73 94

Conclusions

We identified 7 cross-sectional studies examining a remote cognitive screening. We could not perform meta-analysis due to small numbers of studies at test level.

Sensitivity of remote assessment tools varied between 26% and 100% and specificity between 58% and 100%.

Implications

Overall, there is insufficient evidence to recommend the use of any single remote cognitive assessment tool.

There were few eligible studies of even the most commonly used tests and a lack of standardisation in the choice and application of tests.
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ALFI-MMSE: Adult Lifestyles and Function Interview Mini-Mental State Examination; CDR: Clinical Dementia Rating; IMCT: Information Memory Concentration Test; MIS-t: Memory
Impairment Screen-Telephone; NR: not reported; RUDAS: Rowland Universal Dementia Assessment Scale; SPSMQ: Short Portable Mental Status Questionnaire; Tele-Free-Cog:
Telephone Free-Cog; TEXAS: Telephone version of the Executive Interview; TICS-m: Modified Telephone Interview for Cognitive Status.
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B A C K G R O U N D

Assessment of cognition using a multidomain test (assessments of
diDering aspects of cognition) can serve many important purposes
(Lin 2013). In clinical practice, cognitive testing may form part of
the assessment of the person with a suspected cognitive syndrome,
or the testing may be used as an initial triage tool to identify
those who need more specialist input. In research, cognitive testing
may be used to identify potential participants for a study or as an
assessment of treatment eDect.

There are many multidomain cognitive assessment tools available
to the clinician (Harrison 2016). Indeed, in some areas there are
almost as many assessment tools as there are research studies
(Lees 2012). An important factor to consider when choosing a
cognitive test is the test's accuracy for the detection of the condition
of interest, for example the accuracy of a screening test for
detection of dementia. In the Cochrane Dementia and Cognitive
Improvement Group (CDCIG), we have reviewed the literature and
summarised the accuracy of many of the commonly used cognitive
screening tests, including Folstein's Mini-Mental State Examination
(MMSE) (Creavin 2016), Montreal Cognitive Assessment (MoCA)
(Davis 2015), and Addenbrooke's Cognitive Examination (ACE)
(Beishon 2019).

To date, our suite of diagnostic test accuracy (DTA) reviews have
been limited to in-person, face-to-face assessment, as this is
favoured for a clinical diagnosis of dementia and would be usual
practice in most services (Davis 2013). The ongoing coronavirus
pandemic has caused a fundamental change in practice that no-
one had anticipated. The emergency restrictions on movement
and social contact necessitated by the viral pandemic limit
the opportunity for in-person assessment. Clinical services and
research teams have responded, and increasingly consultations
are being performed remotely. Various cognitive screening tests
designed for administration by telephone or via video call are
available and could be well suited to the current situation (Elliott
2020). However, the diagnostic accuracy of these tools should
not be assumed, and we considered it was necessary to collate,
appraise and present estimates of accuracy for papers describing
the use of remote cognitive testing. Remote testing can be
performed using the telephone, but increasing availability of audio-
visual technologies also allows for assessment using video-based
calls or other tele-health approaches. In this review, we were
interested in both telephone and video-based assessments.

Beyond the pandemic situation, there are other circumstances in
which remotely administered cognitive tests could be useful. Many
practitioners in remote and rural areas are already familiar with
testing at distance (Barth 2018), and such tests are a core part of
a telemedicine memory service (McCleery 2021). In the research
context, remote tests may be the only feasible way to include
cognitive outcome measures at scale in large pragmatic trials or
observational studies (Ritchie 2015).

Target condition being diagnosed

The condition of interest for this review was clinical dementia.
We recognise that cognitive testing may be used to inform
the diagnosis of other cognitive syndromes such as mild
cognitive impairment (MCI), but the condition of greatest
relevance is invariably clinical dementia. The dementia diagnosis
is operationalised in various classification systems, such as

the American Psychiatric Association's Diagnostic and Statistical
Manual of Mental Disorders (DSM) and the World Health
Organization's International Classification of Diseases (ICD) (APA
2013; WHO 2010). Although there are some diDerences between
these classifications (e.g. the most recent DSM guidance suggests
use of the terms 'major' and 'mild neurocognitive disorder'
rather than dementia and MCI), they all describe dementia as a
progressive, irreversible condition characterised by impairments
in multiple cognitive domains suDicient to cause problems in
activities of daily living. Additional classifications exist to describe
pathological dementia subtypes, for example Alzheimer's disease
or vascular dementia.

Dementia test accuracy studies have traditionally used the
paradigm of assessing a test of interest against a clinical diagnosis
of dementia (Takwoingi 2018). For this review, with its focus on
remote testing, we anticipated an alternative but equally important
study design – where the remote test was compared against the
usual, in-person administration of the same test.

Index test(s)

Our index test of interest was any multidomain cognitive
assessment tool that was administered remotely, for example by
telephone or via video call. We considered these two technologies
separately.

We suspected that in most instances the test would be a variation
of standard face-to-face cognitive assessment, although content
may need to be modified for remote delivery. We were interested
in real-time assessment that involved someone administering and
scoring the test. Our remit thus did not extend to computer-
based cognitive gaming that purports to oDer an assessment,
self-completed cognitive questionnaires or assessments that
exclusively involved a collateral source, for example a family
member. The properties of self-complete cognitive questionnaires
and informant questionnaires are covered in other Cochrane
Reviews (Burton 2021; Hendry 2019).

Several commonly used cognitive screening tools have been
adapted for use remotely. The majority of tests that have been
adapted from standard in-person assessments (e.g. MMSE, MoCA),
removing those components that cannot easily be conducted
remotely (e.g. visuospatial tasks), reducing the total score in line
with these adaptations. In some instances, these elements are
replaced with other cognitive tasks to enhance the discriminative
ability of the test. Two common examples include the Modified
Telephone Interview for Cognitive Status (TICS-m), and the Adult
Lifestyles and Function Interview Mini-Mental State Examination
(ALFI-MMSE), both based on the widely used MMSE test. The TICS-
m was originally developed as a brief, cognitive assessment tool
that could be delivered by telephone for situations where it is
not practical to conduct a face-to-face assessment (Brandt 1988;
Cook 2009). The TICS-m shares similar test items to MMSE, but
was modified to include measures of immediate and delayed
recall to improve the sensitivity for dementia detection (Cook
2009; DuD 2015). Similarly, the ALFI-MMSE was developed as a
telephone-based cognitive assessment as part of a cohort study
which undertook longitudinal assessments on community dwelling
adults aged 65 years and older (Roccaforte 1992). The ALFI-MMSE
includes similar components to the MMSE, but excludes certain
tests of language, motor or visuospatial function, which cannot
be conducted by telephone (Roccaforte 1992). Therefore, the ALFI-
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MMSE has a total score of 22, although a 26-point version has
also been developed (Cammozzato 2011; Roccaforte 1992). In
this review, we also included several less widely used remote
assessment tools including: memory impairment screen-telephone
(MIS-t), telephone version of the executive interview (TEXAS),
Information Memory Concentration Test (IMCT), Short Portable
Mental Status Questionnaire (SPSMQ), Telephone Free-Cog (Tele-
Free-Cog), and the Rowland Universal Dementia Assessment Scale
(RUDAS).

Clinical pathway

For consistency with other Cochrane Reviews and in keeping with
usual methods, we use the phrase 'diagnostic test accuracy' (Davis
2013). However, we recognise that our index tests of interest are
screening in nature and not suDicient to make a clinical diagnosis of
dementia on their own. In clinical practice the multidomain test is
oNen the first step in a detailed, multidisciplinary assessment that
may also be informed by assessments of function, collateral history,
and radiological and laboratory testing (Noel-Storr 2012).

The remote tests of interest are not exclusive to a particular
healthcare setting. Brief cognitive screening may be performed in
primary care to inform the need for onward referral to specialist
services. In secondary care clinic settings, cognitive screening may
be performed as part of a diagnostic work-up, or to monitor disease
progression. For secondary care services, cognitive screening oNen
forms part of the initial assessment. Many countries recommend
early cognitive screening of certain groups such as unscheduled
older adult admissions or stroke survivors (Robinson 2015). All of
these test scenarios could plausibly be performed remotely, and
indeed the current viral pandemic is mandating this approach
to testing. In this situation, the purpose of testing is to identify
a cognitive baseline and assess for the syndrome of delirium.
Prevalence of dementia will vary by setting, and if data allowed, we
planned to explore this as part of our investigation of heterogeneity.

Alternative test(s)

Another alternative to in-person cognitive assessment is a
questionnaire-based test (Harrison 2015), delivered either by post
or using online platforms. We did not consider questionnaire-based
approaches in this review, because they were not considered to
be directly comparable with remote tests delivered using a trained
facilitator.

Rationale

The arguments for timely diagnosis of dementia have been made by
various professional societies and will not be rehearsed again here
(Robinson 2015). SuDice it to say, cognitive testing is fundamental
to the assessment of the person with a suspect cognitive problem.
Our motivation for this review was in response to the current
global viral pandemic. Clinical and research teams are having to
rapidly adapt to new ways of working, and we hoped to provide
an evidence base to guide choice of testing. However, for many
reasons, it seems likely that remote assessment will remain a
feature of healthcare beyond the pandemic.

O B J E C T I V E S

To assess the test accuracy of any multidomain cognitive test
delivered remotely for the diagnosis of any form of dementia.

Secondary objectives

• To describe agreement between a remotely delivered cognitive
test and the same or a closely related test delivered in-person.

• To identify the quality and quantity of the research evidence
describing test accuracy of remote testing.

• To identify sources of heterogeneity in the test accuracy
described.

• To identify gaps in the evidence where further research is
required.

Investigation of sources of heterogeneity

Heterogeneity is oNen seen in clinical test accuracy reviews (Deeks
2001). Important potential sources of heterogeneity included the
case-mix of the population being assessed; clinical setting; person
performing the assessment; platform used to administer the test
(e.g. standard telephone versus video call); threshold scores used
to define test positivity and the quality of the included papers.
We collected data on all of these factors, and if data allowed,
we planned to explore their eDect using subgroup and sensitivity
analyses as appropriate.

M E T H O D S

Criteria for considering studies for this review

Types of studies

This review has a prepublished protocol (Quinn 2020). Our primary
interest was cross-sectional studies, where the index test(s) were
administered alongside a clinical diagnosis of dementia.

As a secondary, exploratory analysis we also proposed a review
of those papers where a remote assessment was compared to the
equivalent in-person test. These papers may or may not also have
had information on a clinical diagnosis of dementia. Where data
were available that were limited to comparison of remote and in-
person testing, we included these studies but the proposed analysis
diDered, recognising that these studies were assessing correlation/
agreement rather than diagnostics. Although not traditional test
accuracy studies, we feel these studies provide useful information
on how remote tests compare to the original in-person test from
which they were derived. This provides useful information on how
well the constructs of in-person tests are represented in remote
versions of the same tool.

We excluded case-control studies due to the inherent risk of bias
and inability to use these data to make any inferences about
population predictive value. For the same reasons, we excluded
studies that used an enriched sample. For example, studies
that only included participants who had a certain screening test
score, or where a clinical diagnosis of dementia was limited to
participants with a particular cognitive profile.

Although not part of the initial protocol (Quinn 2020), we found
papers where the same assessor performed both telephone and
in-person equivalent or clinical diagnosis of dementia as part of
the same testing session or with minimal time between tests. We
considered that these tests were not true assessments of accuracy,
would be subject to significant bias, and were more reflective of
intra-observer variability of the test and so we excluded them.
For a number of studies comparing a remote test to the in-person
equivalent, it was unclear whether the same or diDerent assessor

Diagnostic test accuracy of remote, multidomain cognitive assessment (telephone and video call) for dementia (Review)
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(i.e. independently conducted) conducted the tests. Given this was
a secondary objective of the review, we included these studies
providing the tests were conducted on diDerent days.

Studies where the index test was compared against future
development of a cognitive syndrome (delayed-verification
studies) require a diDering review approach compared to the
traditional cross-sectional test accuracy study. We did not consider
delayed-verification studies in this review. We did not include any
study where the index and clinical diagnosis of dementia were
administered with more than one month between them, as such
studies could be considered prognostic rather than diagnostic.
Studies where the delay between index and reference was shorter
were potentially eligible, and we considered the eDect of the delay
as part of the risk of bias assessment.

We excluded studies with a small number of cases (fewer than
10), as these studies were unlikely to meaningfully add to our
understanding of test accuracy and were prone to various selection
biases.

Participants

Our population of interest was any adult (aged over 18 years)
requiring cognitive testing.

We did not include studies exclusively comprised of cognitively
normal  participants, where the purpose of study was to create
normative values.

We did not exclude papers on the basis of a selected population, but
where the population were not predominantly an older adult group
(e.g. studies in traumatic brain injury or in stroke), we noted this
and where possible we attempted to explore case-mix as a source
of heterogeneity.

We included studies conducted in any healthcare setting, and
explored setting as a source of heterogeneity where possible.

Index tests

Studies must have included, not necessarily exclusively, a remote
cognitive assessment.

Remote testing involves real-time assessment by a tester (trained
or untrained) in a diDerent location to the person being tested.
Any platform that allowed remote testing was included, and we
anticipated studies using traditional telephone, smartphone and
videoconferencing.

Assessments had to be multidomain, as these are the tests used in
clinical practice. Tests of single cognitive domains such as attention
only were not included.

Included tests may have been modifications of existing in-person
tests or bespoke assessments designed for remote use.

The assessment should have been performed remotely, so we did
not include studies where, for example, the script of a telephone
interview was used in a face-to-face assessment.

Included tests needed to have directly assessed the person of
interest. We thus did not include informant-based tests such
as AD-8 (Hendry 2019) or Informant Questionnaire on Cognitive
Decline in the Elderly (IQCODE) (Harrison 2015). If a test included

both informant responses and direct testing, and these data were
available separately, we included the direct test data. Where tests
had contingent scoring, for example if a person scored above a
certain value, then further testing was performed, we assessed
suitability for inclusion case by case, but did not plan to pool these
data with other screening tests.

Where we were comparing a remotely delivered index test to an in-
person equivalent, we included those tests from which the remote
assessment was derived. For example, the various iterations of the
Telephone Interview for Cognitive Status (TICS) were designed to
emulate the MMSE (Brandt 1988), and so we considered MMSE as a
suitable reference for comparison. 

We did not limit the review to a particular remote test strategy,
and anticipated including multiple index tests. If data allowed,
we considered performing indirect comparisons of estimates of
accuracy of various remote tests, but these analyses would be
exploratory rather than definitive (Owen 2018).

Our focus for this review was accuracy of testing. We did not
formally assess whether remote testing was feasible, acceptable
or suitable for the populations being tested, although some of
these factors may be relevant to our internal and external validity
assessments.

Target conditions

We considered papers reporting any clinical diagnosis of dementia.
Dementia diagnosis may have been undiDerentiated, or a particular
subtype may have been specified. Classifying dementia by subtype
was not required for inclusion, but where available these data
were recorded. A clinical diagnosis of dementia was considered
to be an assessment conducted by a trained health professional
(e.g. clinician, psychologist), based on a combination of one or
more of the following: clinical history and examination, laboratory
investigations, neuroimaging and application of standard criteria
for dementia diagnosis.

Reference standards

Our reference standard was a clinical diagnosis of dementia. Within
the clinical diagnosis rubric, we included all-cause (unspecified)
dementia, using any recognised diagnostic criteria, for example
ICD-10 or DSM-IV. For the purposes of this review, and in keeping
with other Cochrane DTA Reviews, we considered structured
interview assessments such as Clinical Dementia Rating (CDR)
as diagnostic (Davis 2013). Dementia diagnoses may specify a
pathological subtype, and we included all dementia subtypes in
this review. We did not include the cognitive syndrome of delirium
in the review (Hendry 2016), and assumed that in the process of
making the clinical dementia diagnosis, any reversible causes of
cognitive impairment would have been excluded. We recognise
that there is no true 'gold' standard assessment of clinical dementia
and there is variability in diagnostic label applied even when using
validated classification systems (Cerullo 2021).

Studies that made a postmortem diagnosis or based diagnosis
on imaging or other biomarkers without corresponding
comprehensive clinical assessment were not eligible.

We did not set any limits in relation to severity or stage of dementia.
If data were available from suDicient studies, we planned to explore
the severity of dementia as a potential source of heterogeneity.

Diagnostic test accuracy of remote, multidomain cognitive assessment (telephone and video call) for dementia (Review)
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Search methods for identification of studies

Electronic searches

We searched ALOIS, the CDCIG Specialized Register (which includes
both intervention and DTA studies in dementia); Cochrane Central
Register of Controlled Trials (CENTRAL; 2021, Issue 5; CRSO);
MEDLINE (OvidSP); Embase (OvidSP); Web of Science (Clarivate);
PsycINFO (OvidSP); CINAHL (EBSCO); LILACS (Latin American and
Caribbean Health Science Information database) (BIREME) and
ClinicalTrials.gov (www.clinicaltrials.gov/) databases. Each source
was searched from inception to June 2021. See Appendix 1 for
search strategies run in databases. We used controlled vocabulary
such as MeSH terms and EMTREE where appropriate. In the
searches developed, we made no attempt to restrict studies
on the basis of sampling frame or setting. This approach was
intended to maximise sensitivity and allow for inclusion on the
basis of population-based sampling to be assessed at screening
(see Selection of studies). We did not use search filters (collections
of terms aimed at reducing the number needed to screen) as an
overall limiter because those that are published have not proved
suDiciently sensitive (Whiting 2008). We did not apply any language
restriction to the electronic searches, using translation services
as needed. We did not search the grey literature. We performed
forward and backward searching of included citations.

Searching other resources

We did not search any additional resources.

Data collection and analysis

Selection of studies

Following searching, titles from various databases were collated
in Covidence soNware (Covidence 2020), and duplicates removed.
The Cochrane Dementia Information Scientist (CF) performed
a 'first pass' review, removing clearly irrelevant titles, then a
minimum of two review authors (AE, EE, RM, LB, TH, TQ)
independently assessed studies for eligibility.

For consistency with our other DTA titles, we adopted a hierarchical
approach to exclusion, first excluding on the basis of index test and
reference standard, and then on the basis of study methods (case-
control, size), and then on the basis of any other reason.

Where a potentially relevant paper was missing data that were
needed for analyses, we contacted the primary author by email
twice. If the authors did not respond, or the relevant data were not
available, we did not include data from this study and labelled it
as 'data not suitable for analysis'. In total, we contacted authors
from 11 studies (Castanho 2015; Christodoulou 2016; Crooks 2007;
Crooks 2005; Fong 2009; Kennedy 2014; Lanska 1993; Matrisch
2012; Metitieri 2001; Monteiro 1998; Salazar 2014). Of these, two
authors responded to confirm data were not available (Fong 2009;
Lanska 1993), and the remainder did not respond. If the same
dataset was presented in more than one paper, we included the
primary paper but referred to other papers if they contained
relevant additional information.

Where studies were described in abstract form, we contacted
the lead author(s) to ask if the full paper was published, where
possible. We limited the studies included to those published in
peer-reviewed scientific journals.

We detailed the study selection process in a PRISMA flow diagram.

Data extraction and management

Two review authors independently extracted data (in pairs from
LB, AE, RM, TH, TQ, AM) from eligible papers onto a bespoke data
extraction form. The form described population tested, purpose/
setting of testing, test(s) administered, details of person performing
testing and details of the clinical diagnosis of dementia. We derived
components of the 2 × 2 table and prevalence figures.

Following data extraction, the two review authors compared their
findings and discussed and resolved any disagreements, with
recourse to a third review author (TQ) as needed.

Where a test assigned a score and accuracy data were given for a
variety of threshold scores, we collected all of these data in the first
instance.

Assessment of methodological quality

Paired, independent raters blinded to each other's scores
assessed risk of bias (internal validity) and generalisability
(external validity) using the QUADAS-2 tool for test accuracy
studies (www.bristol.ac.uk/population-health-sciences/projects/
quadas/quadas-2/).

The QUADAS-2 assessment covers issues relating to patient
selection, index test, reference standard (clinical diagnosis of
dementia) and participant flow. Each domain is assessed for issues
related to risk of bias; the first three domains are also assessed for
generalisability concerns. Our group has considerable experience
using the QUADAS-2 tool. For previous DTA reviews, we convened
a group with expertise in test accuracy and dementia to tailor
the QUADAS-2 approach to the field of dementia studies. Through
this work we have operationalised scoring rules for item- and
domain-level QUADAS-2 assessment and modified the generic
QUADAS-2 question stems to cover issues pertinent to cognitive
testing (Appendix 2) (Davis 2013).

We limited our QUADAS-2 assessment to those studies that used a
test accuracy design. We did not use QUADAS-2 to assess studies
that only considered telephone and equivalent in-person testing as
the tool is not designed for this study method.

Statistical analysis and data synthesis

Our primary analysis of interest was accuracy of the various
remote assessments against the dichotomous outcome variable
'dementia/no dementia'. To explore this, we applied the
recommended Cochrane framework treating each test separately.
For each test, where data allowed, we extracted data to populate
a standard 2 × 2 data table of binary test results (above and below
threshold score) cross-classified against binary reference standard
(clinical diagnosis of dementia).

From this table, we calculated sensitivities and specificities, with
95% confidence intervals (CI), at individual test level for thresholds
of interest. Primary thresholds of interest were based on the
thresholds proposed in the original paper describing the study,
unless there was a consensus agreed upon threshold that is used
in practice and diDers from the original threshold described. We
performed these first analyses with standard Review Manager 5
soNware (Review Manager 2020), and had planned to use bespoke
test accuracy soNware to support any meta-analyses (Freeman
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2019). We visualised these data using forest plots of sensitivity and
specificity.

There were insuDicient studies (fewer than three, Davis 2013)
providing test accuracy data for any one index test/reference
standard combination, and so quantitative meta-analysis was not
performed. Instead, we reported details of each of the tests that
reported test accuracy data along with the range of sensitivity and
specificity values calculated as described above, or as reported by
the studies included in this review.

For assessment of remote versus in-person testing, if data
were available as correlations, mean diDerence, or reliability or
agreement measures, we tabulated these and described them in
the narrative of the review. We interpreted these results as the level
of agreement between a remote test and the in-person equivalent
to provide an assessment of how well the constructs of an in-
person test are replicated in the remote version of the tool. If scores
were presented, we described scores and the proportion classified
as having cognitive impairment for each test. Where possible,
we described whether scores using the remote assessment were
generally higher or lower than the scores when traditional face-to-
face assessments were performed.

Investigations of heterogeneity

We did not quantify statistical heterogeneity, or perform
quantitative subgroup analyses for these DTA analyses, instead we
reported a descriptive summary of potential areas of heterogeneity
that are common to DTA studies in the dementia field.

We reviewed forest plots of sensitivity and specificity to identify
outliers.

We assessed the following factors as potential sources for
heterogeneity:

• populations tested, performing subgroup analyses if specific
disease groups featured in the included papers (e.g. traumatic

brain injury, stroke), or if specific healthcare settings featured
(e.g. secondary care clinics, where prevalence of disease will
diDer to other settings such as primary care);

• technical features of the testing strategy (person performing
testing, application of the test, platform used for delivering the
test; language of testing);

• clinical criteria used to reach dementia diagnosis (e.g. ICD-10;
DSM-IV) and the methodology used to reach dementia diagnosis
(e.g. individual assessment; group (consensus) assessment).

Sensitivity analyses

We did not perform sensitivity analyses as there was insuDicient
data available for quantitative meta-analysis.

Assessment of reporting bias

We did not perform a quantitative assessment of reporting bias. We
recognised that debate remains around the most robust approach
to assessment of reporting bias in DTA (Wilson 2015), and there was
uncertainty on how to apply standard approaches such as funnel
plots (Annefloor van Enst 2014).

R E S U L T S

Results of the search

In total, our search identified 6590 studies. ANer removing 289
duplicates, we screened the abstracts of 6301 studies. We then
excluded 5999 as being irrelevant to our review question. We
assessed the full texts of 302 papers for eligibility, of which we
excluded 279 studies. We identified a further eight studies from
screening additional sources (e.g. reference lists). The full list
of reasons for exclusion is available within the PRISMA diagram
(Figure 1). Of the studies included in the review, only seven
provided data on test accuracy against a diagnosis of dementia, of
which only one paper assessed video-based screening. In total, 24
studies compared a remote with in-person equivalent test. Details
of included studies are available in Table 1.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 

Methodological quality of included studies

We used the QUADAS-2 tool to assess the seven included test
accuracy studies for methodological quality and risk of bias.
QUADAS-2 results have been presented as graphical displays and as

a narrative within the text. There were insuDicient data to perform
a sensitivity analysis limiting to those papers with low concern for
risk of bias across all the QUADAS domains. Full details of the study
characteristics and quality assessments can be found in Figure 2;
Figure 3.

 

Figure 2.   Risk of bias and applicability concerns summary: review authors' judgements about each domain for each
included study.
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Figure 3.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies.

 
Patient selection and sampling

We assessed all seven studies at an unclear risk of bias in terms
of patient selection and sampling as the sampling strategies used
were not reported, or the exclusion criteria were not detailed.
Two of these were community-based studies (Cammozzato 2011;
Salazar 2014). One study was a combination of outpatient clinics
and patients recruited from other research studies (Burns 2020).
Two studies were based in outpatient clinics, one in an in-patient
rehabilitation unit (Wong 2012), and one was a combination of
inpatients and outpatients (Zhou 2004).

In terms of applicability to the review question, we considered all
seven studies to be at a low concern.

Index test application

We found that two studies had a high risk of bias in terms of
how the index tests were applied (Burns 2020; Cammozzato 2011),
and one was unclear (Wong 2012). Neither of the studies assessed
at high risk of bias prespecified the test threshold of the remote
assessment. The remaining four were found at low risk of bias.

All of the studies were of low concern in terms of the application of
the index test and its applicability to the study question.

Reference standard (clinical diagnosis of dementia)
application

We found four included studies at low risk of bias in terms of the
clinical diagnosis of dementia. The remaining three we assessed
as unclear risk (Burns 2020; Cammozzato 2011; Wong 2012). Burns
2020 did not specify suDicient details of the clinical assessment
of dementia, including what the gold standard was or how it
was assessed. It was unclear from Cammozzato 2011 whether the
index test and the clinical diagnosis of dementia were carried out
independently from each other.

We had low concerns in terms of the reference standard and its
applicability for six studies, there was insuDicient information to
assess this for Burns 2020.

Flow and timing

When assessing the studies for risk of bias regarding the timing and
flow, we found one study was at high risk of bias (Cammozzato
2011), and one unclear (Burns 2020). In Cammozzato 2011,

all participants did not receive the same method of dementia
assessment for a clinical diagnosis, and some participants were
missing from the analysis. For Burns 2020, it was unclear whether all
participants received the same method of assessment for a clinical
diagnosis of dementia. The remaining five studies were at low risk
of bias.

Findings

We identified six studies that compared a telephone-based
assessment of cognitive function to a dementia diagnosis, and
one study comparing a video call-based assessment. The details
of these studies are summarised in the Characteristics of included
studies table.

Of the studies comparing a telephone-based assessment of
cognitive function to a dementia diagnosis, one examined the TICS-
m (Salazar 2014), two examined the ALFI-MMSE (Cammozzato 2011;
Roccaforte 1992), one assessed the MIS-t and the TEXAS (Salazar
2014), one examined the IMCT (Zhou 2004), one examined the
SPSMQ (Roccaforte 1994), and one examined the Tele-Free-Cog
(Burns 2020).

The study of video-based assessment examined the RUDAS (Wong
2012).

We were unable to perform a quantitative synthesis as too few
studies were available for each test.

Twenty-four studies compared a remote assessment to the
corresponding in-person test but not a formal dementia diagnosis.
Fourteen papers with 15 tests assessed telephone screeners, while
10 described 11 video call-based screening tools. Four studies
compared the TICS-m with an in-person MMSE (Baccaro 2015;
Castanho 2015; Matrisch 2012) or the similar modified Mini-Mental
State Examination (3MSE) (Arnold 2009). One study evaluated
the Portuguese version of the TICS-m (Castanho 2015), and one
the Brazilian–Portuguese version (Baccaro 2015). Eleven studies
examined a telephone or video call version of the MMSE (Ball
1993; Carotenuto 2018; Cullum 2014; Kennedy 2014; Lanska 1993;
Loh 2004; Loh 2007; Metitieri 2001; Monteiro 1998; Vahia 2015;
Wadsworth 2016), and one examined an Italian version of the
telephone MMSE (Itel-MMSE) (Metitieri 2001).

The remaining studies examined diDerent telephone assessments:
University of California Screening Battery (UCSF) for amyotrophic
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lateral sclerosis (ALS) (Christodoulou 2016), Cognitive Assessment
for Later Life Status (CALLS) (Crooks 2007), Ottawa Mental State
Exam (OMC) telephone (Dellasega 2001), Telephone Assessment of
Mental State (TAMS) (Lanska 1993) and the Brief Cognitive Rating
Scale (BCRS) (Monteiro 1998).

Video-based assessments were the Alzheimer's Disease
Assessment Cognitive Subscale (ADAS-Cog) (Carotenuto 2018),
Short Portable Mental State Examination (SPMSE) (Menon 2001),
and RUDAS (Hwang 2022; Wong 2011).

We summarised the findings for each of the included tests
comparing against a dementia diagnosis in Summary of findings 1
and those comparing a telephone against an equivalent in-person
test in Table 2.

Summary of telephone-based cognitive screening assessments

Modified Telephone Interview for Cognitive Status

Only one test accuracy study examined the TICS-m but did not
report test accuracy data using sensitivity and specificity (Salazar

2014). Higher scores on the TICS-m represent better cognitive
function.

Adult Lifestyles and Function Interview Mini-Mental State
Examination

Two studies evaluated the ALFI-MMSE (Cammozzato 2011;
Roccaforte 1992). Higher scores represent better cognitive function.
Cammozzato 2011 evaluated a Brazilian translated version of the
ALFI-MMSE at four test thresholds: 13 (sensitivity: 90%, specificity:
100%), 14 (sensitivity: 90%, specificity: 89%), 15 (sensitivity: 94%,
specificity: 84%), and 16 (sensitivity: 100%, specificity: 75%).
Roccaforte 1992 evaluated the ALFI-MMSE at a threshold of 17,
relative to the Brief Neuropsychiatric Screening test (BNPS), with
a sensitivity of 67% and specificity of 100%. ALFI-MMSE scores
correlated with in-person MMSE scores (r = 0.85) but this varied
with severity of dementia, with a greater correlation with more
severe dementia (CDR 0.5: r = 0.73, CDR 1: r = 0.78, CDR 2: r = 0.85)
(Roccaforte 1992). Data are summarised in Figure 4 for the ALFI-
MMSE at two thresholds.

 

Figure 4.   Forest plot of Adult Lifestyles and Function Interview Mini-Mental State Examination (ALFI-MMSE) at
thresholds of 16 and less and 17 and less.

 
Information Memory Concentration Test

The IMCT is a brief cognitive assessment tool, which has been
adapted for remote use (Zhou 2004). The test has a total score of 37
and a higher score is indicative of poorer cognitive function. Zhou

2004 tested a culturally adapted Chinese version of the IMCT, at
educationally stratified thresholds (illiterate = 17, primary school
= 20, middle school = 22 and university = 23); sensitivity was 80%
and specificity was 80.6% for a diagnosis of dementia. Data are
summarised in Figure 5.

 

Figure 5.   Forest plot of Information Memory Concentration Test (IMCT) at education adjusted thresholds.

 
Short Portable Mental Status Questionnaire

The SPMSQ was designed as a brief cognitive assessment tool
to test for gross cognitive impairment (PfeiDer 1975; Roccaforte
1994).The test has a total score of 10 and a threshold of three or four
errors identified mild impairment, five to seven identified moderate
impairment, and eight more identified severe impairment (PfeiDer
1975). A threshold of five or greater errors provided the optimal

threshold for identifying dementia (PfeiDer 1975). At a threshold
of five or fewer correct answers, Roccaforte 1994 demonstrated a
sensitivity of 41% and specificity of 97% using scores adjusted for
ethnicity and education, and a sensitivity of 26% and specificity
of 97% for unadjusted scores. At a threshold of seven or
greater, sensitivity was 74% (adjusted) and 56% (unadjusted), and
specificity was 79% (adjusted) and 91% (unadjusted) (Roccaforte
1994). Data are summarised in Figure 6 for the SPSMQ.

 

Figure 6.   Forest plot of Short Portable Mental Status Questionnaire (SPSMQ) at a threshold of five or less (adjusted
score).
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Tele-Free-Cog

Free-Cog is a recently developed cognitive assessment tool
designed to be freely available, with a strong focus on the
assessment of functional abilities combined with executive
function (Burns 2020). The Free-Cog has a total score of 30, where
higher scores indicate better cognitive performance. At a test
threshold of 26, sensitivity was 83%, and specificity was 80% to

detect dementia (Burns 2020). The Tele-Free-Cog was adapted
for use by telephone by removing three components (requiring
visuospatial, language or motor skills), giving a total score of 24
(Burns 2020). Burns 2020 determined sensitivity and specificity at
three test thresholds: 19 (sensitivity: 87%, specificity: 100%), 20
(sensitivity: 90%, specificity: 83%), 21 (sensitivity: 94%, specificity:
65%). Data are summarised in Figure 7 for the Tele-Free-Cog at a
threshold of 19.

 

Figure 7.   Forest plot of Telephone Free-Cog (Tele-Free-Cog) at a threshold of 19 or less.

 
Summary of video call-based cognitive screening assessments

Rowland Universal Dementia Assessment Scale

One study compared a video call-based assessment of the RUDAS
(Wong 2012), with a clinical diagnosis of dementia. The RUDAS was

designed for use in culturally and linguistically diverse populations,
and higher scores are indicative of better cognitive function (Wong
2012). At a threshold of 23, the RUDAS could identify dementia with
a sensitivity of 80%, and a specificity of 91%. Data are summarised
in Figure 8 for the RUDAS.

 

Figure 8.   Forest plot of Rowland Universal Dementia Assessment Scale (RUDAS) at a threshold of 23 or less.

 
Studies comparing a remote versus in-person test

Telephone assessments

Fourteen papers compared a telephone-based test to the in-
person equivalent. The method of analysis varied between studies.
Six studies compared the TICS-m with the MMSE (Baccaro 2015;
Castanho 2015; Matrisch 2012; Plassman 1994), 3MSE (Arnold 2009),
or MoCA (Castanho 2015). Compared to the MMSE, the sensitivity
was 90% to 92% and specificity was 71% to 74% of the TICS-m
at cut-oDs of 13.5 and 14 (Baccaro 2015; Castanho 2015). TICS-m
scores moderately correlated with MMSE scores (r = 0.48 to 0.66)
(Castanho 2015; Matrisch 2012), and strongly with MoCA scores (r =
0.75) (Castanho 2015). Compared to the 3MSE, the sensitivity of the
TICS-m to classify low cognition was 80% and specificity was 76%
(Arnold 2009). For the MMSE-, MoCA-, 3MSE-, and MMSE-derived
remote assessments, higher scores are indicative of better cognitive
function.

Six studies investigated a telephone-based version of the MMSE
with the in-person test, although not all used the same version of
MMSE: ALFI-MMSE (Newkirk 2004), Telephone TAMS (Lanska 1993),
Mini-Mental State Examination Telephone (MMSET) (Kennedy
2014), bespoke modified MMSE (Monteiro 1998), telephone MMSE
(Garre-Olmo 2008), and Itel-MMSE (Metitieri 2001). Correlations
between telephone-based MMSE assessments and the in-person
assessment were moderate to strong (r = 0.69 to 0.85) (Kennedy
2014; Lanska 1993; Metitieri 2001), and moderate with the six-item
screener (SIS) (r = 0.44) (Kennedy 2014). The MMSET showed good
internal consistency with the MMSE (Cronbach a = 0.845 and 0.763)
(Kennedy 2014). The TAMS showed strong correlations with the
MMSE (r = 0.81), MMSE-TAMS (r = 0.86), ADAS-Cog (r = –0.68), and
ADAS (r = –0.80) (Lanska 1993). The intraclass correlation coeDicient
(ICC) for the telephone and in-person versions of the MMSE was 0.98

(all participants), 0.69 (dementia only) (Monteiro 1998). Monteiro
1998 also compared telephone and in-person versions of the BCRS;
ICC: 0.98 and 0.94 (all participants), 0.90 (dementia only).

Christodoulou 2016 compared items from the UCSF by telephone
with an in-person MMSE in participants with ALS demonstrating
poor to good reliability (ICC range: 0.34 to 0.76). The correlation
between the telephone and in-person CALLS was moderate (r =
0.60) (Crooks 2007), and the agreement between OMC scores in-
person and by telephone was 100% (Dellasega 2001). Higher scores
on the OMC, SPMSQ, and ADAS-Cog indicate poorer cognitive
function, whereas lower scores on the UCSF indicate greater
impairment.

Video-call assessments

Ten papers compared a video call-based screening test to the in-
person equivalent. The majority of studies investigated a video
call-based version of the MMSE (Ball 1993; Carotenuto 2018;
Cullum 2014; Loh 2007; Loh 2004; Wadsworth 2016; Vahia 2015),
two investigated the RUDAS (Hwang 2022; Wong 2011), and one
investigated the SPSME (Menon 2001).

The mean test score of the video call and in-person MMSE were
comparable in one study (Cullum 2014), higher in the remote test
in three studies (Ball 1993; Loh 2007; Vahia 2015), and lower in two
studies (Carotenuto 2018; Loh 2004). ICC for the MMSE was 0.89
to 0.90 for in-person versus remote tests (Ball 1993; Loh 2004; Loh
2007).

RUDAS scores were trended to lower in video-call assessments in
one study (27 with video call versus 28 with in-person) (Hwang
2022), and were comparable in the other (Wong 2011). In-person
and video-call assessments were correlated with a coeDicient of
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0.73 to 0.79 (Hwang 2022; Wong 2011). Agreement between in-
person and remote scores (± 2) was 71% for the RUDAS, and 88%
agreement with a clinical diagnosis of dementia (Wong 2011).

One study examined the SPMSE, with a coeDicient of variation
of 63% with in-person versus 32% with video-call assessments
(Menon 2001).

Heterogeneity

Test accuracy studies

The populations enrolled in test accuracy studies included in this
review varied from community dwelling older adults (Cammozzato
2011), participants in research studies (Salazar 2014; Zhou 2004),
patients attending an outpatient or geriatric memory service
(Burns 2020; Roccaforte 1992; Roccaforte 1994), or hospital
inpatients (Wong 2012).

Tests were delivered by a clinical psychologist (Wong 2012), trained
or lay interviewer (Cammozzato 2011), clinician or nurse specialist
(Burns 2020; Roccaforte 1992; Roccaforte 1994), bilingual examiner
(Salazar 2014), or were not specified (Zhou 2004).

In terms of the reference standard used to determine a clinical
diagnosis of dementia, two studies did not report the criteria used
for diagnosis (Burns 2020; Wong 2012), one used the National
Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer's Disease and Related Disorders Association
(NINCDS-ADRDA) (Cammozzato 2011), and four used versions of
DSM guidance (Roccaforte 1992; Roccaforte 1994; Salazar 2014;
Zhou 2004). In addition, two studies used the CDR scale alongside
other criteria (Cammozzato 2011; Roccaforte 1994).

Two studies used a consensus approach to dementia diagnosis
(Roccaforte 1994; Salazar 2014). In three studies, diagnosis was
by a single clinician (Burns 2020; Wong 2012; Zhou 2004), and
two studies did not report the method of dementia assessment
(Cammozzato 2011; Roccaforte 1992).

Studies comparing a remote versus in-person test

The populations enrolled in studies comparing a remote with in-
person test included in this review varied from community dwelling
older adults (Crooks 2007; Hwang 2022), participants in research
studies (Arnold 2009; Baccaro 2015; Kennedy 2014; Monteiro 1998;
Newkirk 2004; Plassman 1994), people attending an outpatient or
geriatric memory service (Carotenuto 2018; Christodoulou 2016;
Cullum 2014; Garre-Olmo 2008; Loh 2007; Metitieri 2001; Vahia
2015; Wadsworth 2016), primary care (Castanho 2015; Dellasega
2001; Matrisch 2012), hospital inpatients (Ball 1993; Loh 2004;
Menon 2001; Wong 2011), or not specified (Lanska 1993). Nine
studies enrolled specific disease subgroups: Baccaro 2015 enrolled
only people with a history of stroke, and Christodoulou 2016 only
examined people with a diagnosis of ALS. Carotenuto 2018; Garre-
Olmo 2008; Lanska 1993; Loh 2004; Metitieri 2001; Newkirk 2004;
and Wadsworth 2016 only included people with a diagnosis of
Alzheimer's disease or MCI.

Five studies examined tests in languages other than English:
Portuguese (Castanho 2015), Brazilian-Portuguese (Baccaro 2015),
Italian (Metitieri 2001), Spanish (Garre-Olmo 2008; Vahia 2015), and
one investigated a culturally and linguistically diverse population
(Hwang 2022).

The majority of tests were delivered by clinical psychologists
(Baccaro 2015; Ball 1993; Carotenuto 2018; Castanho 2015; Cullum
2014; Lanska 1993; Wadsworth 2016), trained or lay interviewers
(Christodoulou 2016; Crooks 2007; Plassman 1994; Vahia 2015),
clinician/nurse specialist (Ciemens 2009; Dellasega 2001; Hwang
2022; Loh 2004; Loh 2007; Matrisch 2012; Menon 2001; Monteiro
1998; Newkirk 2004; Wong 2011), or were not specified (Arnold
2009; Garre-Olmo 2008; Kennedy 2014; Metitieri 2001). In one
study, the assessor was co-located with the participant, and the
interpreter delivered the RUDAS by video call (Hwang 2022).

In terms of the in-person test used to compare to a remote
assessment, 19 studies used an in-person version of the MMSE
as the comparator (Baccaro 2015; Ball 1993; Carotenuto 2018;
Castanho 2015; Christodoulou 2016; Crooks 2007; Cullum 2014;
Garre-Olmo 2008; Kennedy 2014; Lanska 1993; Loh 2004; Loh
2007; Matrisch 2012; Metitieri 2001; Monteiro 1998; Newkirk
2004; Plassman 1994; Vahia 2015; Wadsworth 2016). Six studies
also used in-person versions of the MoCA (Castanho 2015),
USCF (Christodoulou 2016), SIS (Kennedy 2014), ADAS (Lanska
1993), ADAS-Cog (Carotenuto 2018), and BCRS (Monteiro 1998) as
comparators in addition to the MMSE. One study used the OMC
only as the in-person as comparator (Dellasega 2001), one used the
SPSME (Menon 2001), and two used the RUDAS (Hwang 2022; Wong
2011).

D I S C U S S I O N

Summary of main results

In this review we examined evidence for the use of remote cognitive
screening tools. Most included studies (20) evaluated telephone-
based assessment tools, with a smaller number evaluating video
call-based assessments (11). However, only seven papers (six
telephone, one video call) met the criteria for our primary test
accuracy analysis. The remainder were relevant to our secondary
objective of comparing remote tests with the in-person equivalent.
We did not identify any studies using smartphone or tablet-based
methods of remote assessment.

Given the frequency with which cognitive assessments are
performed remotely, both in clinical practice and research, the
supporting evidence was surprisingly limited. We found no
eligible studies describing diagnostic accuracy of commonly used
assessments such as telephone Montreal Cognitive Assessment
(tMoCA), the ACE or mini-ACE and others. This may reflect that
longer duration assessments (e.g. ACE-III), or those with more
extensive testing of visuospatial and executive function, are
challenging to deliver remotely. Many of the studies included in
this review were conducted prior to the introduction of copyright
and training fees for tools such as the MoCA and MMSE, which
may explain why fewer historical studies have examined other, now
freely available alternatives (e.g. ACE-III).

The majority of studies included in this review assessed a
telephone-based version of the MMSE (e.g. TICS-m, ALFI-MMSE).
However, even when the remote test was derived from a
single parent test, there was substantial heterogeneity in the
nomenclature, application, content and scoring of the remote tests.
Modifications to tests to allow for remote assessment were not
always transparent.
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We found risk of bias to be unclear or high for at least one item in all
the included studies that contributed to our primary test accuracy
analysis. There was no particular pattern of risk of bias across the
studies. However, the majority of studies were low risk in terms of
applicability to the review question, that is, we considered the tests
were applied as they would be in practice.

This limited and inconsistent evidence, with issues around bias,
precludes any recommendation on the preferred remote test
version, items or test threshold that should be applied in practice.
This does not imply that remote assessment is not a valid approach.
Taking TICS-m as an example, the sensitivity and specificity
reported was broadly comparable with test accuracy metrics
described for traditional in-person cognitive assessment tools for
the diagnosis of dementia (Beishon 2019; Davis 2015; Harrison
2016).

For those studies that compared remote and equivalent face-
to-face testing, there was again substantial heterogeneity.
Heterogeneity was particularly evident in the analyses used
to compare tests, with correlation, ICC, area under the curve,
percentage agreement and other approaches all used. Several
studies reported that the correlations between telephone and
in-person versions were moderate, with some reporting poor
reliability. This is surprising as one would expect test results to
be broadly similar if the only diDerence is the platform used for
assessment. These results question how well certain tests adapted
for remote use truly capture the constructs of the original in-person
test on which they were based. However, to put the results in
context, in the original paper by Folstein 1975 describing the MMSE,
the test had a test–retest reliability of 0.89, suggesting that even
in-person assessments are not always completely reproducible. It
is unclear what an 'acceptable' level of correlation is for a remote
test to be considered valid (Harvey 2012). All of this is a reminder
that thresholds derived for in-person tests may not be suitable for
remote equivalents.

Strengths and weaknesses of the review

Strengths of this review include a comprehensive search strategy
which was conducted by Information Specialists at the CDCIG.
We conducted the review in line with a prepublished protocol,
as recommended in guidelines for the conduct of test accuracy
reviews of cognitive assessment tools (Davis 2013). We followed
best practice in our independent screening, risk of bias assessment
and data extraction of included studies.

This review is limited by the small number of eligible studies
identified. It could be argued that our inclusion and exclusion
criteria were overly stringent. Other reviews of telephone
assessment included more studies in their synthesis. We would
argue that our approach was designed to ensure that only the
highest quality evidence was included. Cognitive assessment is a
fundamental part of healthcare and we should not relax our quality
control simply because the existing evidence is weak. Similar
reviews of in-person cognitive screening have similarly suDered
from a lack of high-quality, eligible studies (Beishon 2019; Davis
2015; Harrison 2016).

Applicability of findings to the review question

The primary objective of this review was to assess the test accuracy
of any multidomain cognitive test delivered remotely for the clinical

diagnosis of dementia. All included studies focused on either
telephone-based or video-call assessment. Most included studies
investigated a remote test with an in-person equivalent, rather
than formally assessing test accuracy against a clinical diagnosis
of dementia. Thus, much of our included evidence is only partly
applicable to the main question of interest. Apart from one study
(Burns 2020), all included studies were judged to be of low concern
in relation to their applicability to the review question.

The populations included in the test accuracy studies varied
considerably. Several studies recruited participants from other
research studies. There is the potential for bias here as volunteers
for a cohort study may diDer from a completely unselected clinical
population. However, the included studies seemed to have a
reasonable case-mix and we did not consider this method of
recruitment a threat to the external validity of our results. Of
those studies which recruited referrals for assessment of suspected
cognitive impairment, the majority were conducted in specialist
outpatient clinics or research centres. Only six studies recruited
people from primary care or community settings. At present,
remote cognitive assessment is more commonly employed by
specialist memory services, so the limited evidence base on other
settings is not a major concern but we should be mindful about
applying these data to primary care or community services. Seven
studies included in this review examined specific populations, for
example ALS and post-stroke. The findings from these studies can
thus only be applied in these specific populations. Several included
studies examined the use of remote tests in rural settings, where
access to in-person assessment may be challenging. This seems
appropriate as this is a context where remote assessment may be
especially useful. A small number of studies evaluated translated
tools for non-English-speaking populations. No study specifically
examined the eDect of language or culture on remote cognitive
assessment, which may exacerbate the inherent bias of tools that
have not been adapted or translated for diDerent populations.

We did not set time limits on our search of the literature and
included studies that could be considered 'historical' rather than
representing contemporary practice. This is a greater concern for
studies of video-based platforms and some included papers (e.g.
Ball 1993) were conducted at a time of basic video-call technology.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review has identified insuDicient evidence, both in terms
of quantity and quality, to recommend the use of any single
remote cognitive test by either telephone or video call. Of the
seven studies that investigated test accuracy, the Tele-Free-Cog
provided acceptable sensitivity and specificity (83% to 100% at
20 and 21 thresholds), and is one of the few tools not based on
an existing copyrighted tool (e.g. Modified Telephone Interview for
Cognitive Status (TICS-m), Adult Lifestyles and Function Interview
Mini-Mental State Examination (ALFI-MMSE)), which may facilitate
widespread adoption more readily. Use of remote assessment
was common in clinical and research practice, and has become
more frequent due to the pressures and restrictions of the
COVID-19 pandemic and the increasing availability and familiarity
with remote communication platforms such as videoconferencing.
This review highlights a disconnect between the importance
and frequency of remote cognitive assessment and the available
evidence.
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Limited evidence on test accuracy is not synonymous with evidence
of limited accuracy. At individual study level the test accuracy data
reported were broadly similar to the accuracy described for many
common in-person cognitive screening tools. There are situations
where in-person testing presents challenges and our data suggest
that remote testing could be used in these situations. However,
given the limited evidence, in-person assessment should remain
the default where possible.

Our data comparing remote testing to the equivalent face-to-face
test suggests that there are potential diDerences in cognitive test
performance dependent on the approach to testing. Clinicians
should be careful of directly extrapolating cut-oDs and scoring rules
derived from in-person testing to the remote test scenario.

Implications for research

Our review highlights the need for more robust research describing
the accuracy of remote assessments. In particular the evidence
around contemporary video-call platforms and technologies such
as smartphones was lacking. Given the increasing shiN towards
remote-based assessments, and increased familiarity with digital
technology for both clinicians and patients since the COVID-19
pandemic, a stronger evidence base supporting the use of remote
cognitive testing is needed.

A variety of remote cognitive screening tools are described. We
found few or no papers describing the accuracy of many of the tools
commonly used in practice. The majority of studies investigated a
remote version of the Mini-Mental State Examination (MMSE). The
use of MMSE in both clinical practice and research is decreasing due
to concerns over copyright. Test accuracy studies comparing other
remote assessments, that are copyright free, are urgently needed.

We noted substantial inconsistency in the content, delivery and
scoring of remote cognitive screening tests, even with tests that
shared the same name, for example the multiple iterations of the
Telephone Interview for Cognitive Status (TICS). The adaptation
and delivery of remote tools needs to be standardised in order to
facilitate consistent assessment, comparisons and pooling of study
data. As performance may diDer when a remote approach is used,
best practice guidance, normative values and thresholds need to be
investigated that are specific to remote testing.
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Study characteristics

Patient Sampling Participants recruited from non-specialist, outpatient secondary care settings across
the UK, where patients were referred for memory assessment (non-specialist memory
clinics, community mental health teams), or drawn from other research studies.

Sampling procedure: not reported.

Inclusion criteria: people who were referred for a memory assessment or had a diagno-
sis of dementia/memory impairment as dementia/MCI cases. Any participants with no

Burns 2020 

Diagnostic test accuracy of remote, multidomain cognitive assessment (telephone and video call) for dementia (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24

https://doi.org/10.1002%2F14651858.CD013724


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

diagnosis of dementia/memory impairment and no self-reported concerns of memory
impairment were included as healthy controls.

Exclusion criteria: aged < 18 years

Patient characteristics and setting 107 participants attending outpatient memory services across the UK. Clinical diag-
noses were recorded under the following categories: dementia (Alzheimer's disease,
frontotemporal dementia, Lewy body dementia, vascular dementia, Parkinson's dis-
ease dementia, early-onset dementia, other dementias, mixed Alzheimer/vascular de-
mentia); MCI; or controls (defined as people without any symptoms suggestive of cog-
nitive decline).

Mean age (years): dementia: 77.3 (SD 8.7), control: 63.1 (SD 14.4)

Sex (female): dementia: 44%, control: 70%

Years in education: not reported.

Ethnicity: not reported.

Index tests Index test: Free-Cog and Tele-Free-Cog

Other tests: MMSE, MoCA, ACE

No specific training was provided and clinicians asked to use judgement. Assessors
were either clinicians or experts in conducting cognitive tests.

Test thresholds were not prespecified and optimal thresholds were determined from
test data.

It was not clear whether the test was conducted independently of the reference stan-
dard.

Target condition and reference standard(s) Reference standard: normal clinical assessment, including cognitive tests the clinic
usually applied.

No specific criteria were used for the diagnosis of dementia. No details were provided
on the conduct of the reference standard.

It was unclear whether the references standard was conducted independently of the
index test.

Flow and timing The Free-Cog was conducted at the same time or within 1 week of the reference stan-
dard (unclear whether this also applied to the Tele-Free-Cog).

12 participants were excluded due to diagnosis omission or under remained investiga-
tion.

Sensitivity and specificity of the Tele-Free-Cog varied by test threshold (≤ 19: 87%,
100%, ≤ 20: 90%, 83%, ≤ 21: 94%, 65%). True and false positives and negatives were not
provided, so data were calculated using Review Manager 5 (Review Manager 2020).

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Burns 2020  (Continued)
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Was a consecutive or random sample of
patients enrolled?

Unclear    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  Unclear risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Unclear    

If a threshold was used, was it pre-speci-
fied?

No    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Unclear    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Unclear    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Yes    

Did all patients receive the same reference
standard?

Unclear    

Were all patients included in the analysis? No    

Burns 2020  (Continued)
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Could the patient flow have introduced
bias?

  Unclear risk  

Burns 2020  (Continued)

 
 

Study characteristics

Patient Sampling People aged > 60 years and living within a catchment area of the Hospital de Clinicas de Porto
Alegre Brazil were invited to participate in the Alzheimer's Disease center and neurogeriatric
clinic at the hospital.

Sampling procedure: not reported.

Inclusion criteria: aged > 60 years, in catchment area of the Hospital de Clinicas de Porto Alegre
Brazil.

Exclusion criteria: history of deafness, complaint of hearing impairment, positive whispered
voice screening test and MMSE < 11, severe dementia, people with AD with pre-existing psychi-
atric conditions and with severe clinical comorbidities.

Patient characteristics and setting Community sample of people with AD and healthy participants in Brazil. Participants under-
went a standardised clinical, psychiatric, neuropsychological and neurological evaluation. A
collateral informant was used to verify the history. Participants whose CDR score was ≥ 0.5 al-
so underwent neuroimaging and blood tests. Groups were comparable for age, education and
gender.

Total sample: 66 people with AD, 67 controls

Mean age (years): Group 1: AD: 72.8 (SD 5.6), controls: 70.5 years (SD 6.5); Group 2: AD: 72.6 (SD
7.3), controls: 71.5 (SD 7.0): Group 3: AD: 75.8 (SD 6.4), controls: 74.5 (SD 6.3); Group 4: AD: 74.4
(SD 4.8), controls: 69.2 (SD 8.1)

Sex (female): Group 1: AD: 47%, controls: 69%; Group 2: AD: 59%, controls: 53%: Group 3: AD:
65%, controls: 77%; Group 4: AD: 47%, controls: 59%

Mean years in education: Group 1: AD: 3.9 (SD 1.2), controls: 4.8 (SD 1.6); Group 2: AD: 5.4 (SD
4.8), controls: 5.1 (SD 3.6): Group 3: AD: 5.5 (SD 3.6), controls: 5.3 (SD 2.8); Group 4: AD: 5.1 (SD
2.6), controls: 5.9 (SD 3.5)

Ethnicity: not reported.

Index tests Index test: ALFI-MMSE

Other tests: none

The ALFI-MMSE was translated to Brazilian-Portuguese and back translated to English before
being applied. No information on the translation or adaptation procedures. Participants were
randomised to 4 groups according to test order: Group 1: ALFI-MMSE followed by ALFI-MMSE
administration; Group 2: in-person MMSE followed by in-person MMSE; Group 3: in-person
MMSE followed by ALFI-MMSE; Group 4: ALFI-MMSE followed by in-person MMSE.

Previously trained interviewers conducted tests, independent of the knowledge of the in-per-
son assessments and diagnoses.

Test thresholds were not prespecified and optimal cut-oDs were determined using study data.

Target condition and reference
standard(s)

Target condition: AD

Reference standard: NINCDS-ADRDA

Cammozzato 2011 
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No information was provided on the reference standard assessors. It was unclear whether the
reference standard was blinded to the knowledge of the index tests.

Flow and timing The time interval between the in-person and telephone assessment was 48–72 hours.

Not all participants received the same reference standard, only participants with CDR ≥ 0.5 un-
derwent additional testing (blood and neuroimaging tests).

The sensitivity of the ALFI-MMSE was 94% and specificity was 84% (cut-oD of 15). No data were
provided on true and false positives and negatives and these were calculated using Review
Manager 5 (Review Manager 2020).

No data were provided on dropouts from the study.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sam-
ple of patients enrolled?

Unclear    

Was a case-control design avoid-
ed?

Yes    

Did the study avoid inappropriate
exclusions?

Yes    

Could the selection of patients
have introduced bias?

  Unclear risk  

Are there concerns that the in-
cluded patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results inter-
preted without knowledge of the
results of the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

No    

Could the conduct or interpreta-
tion of the index test have intro-
duced bias?

  High risk  

Are there concerns that the in-
dex test, its conduct, or inter-
pretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Cammozzato 2011  (Continued)
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Is the reference standards likely to
correctly classify the target condi-
tion?

Yes    

Were the reference standard re-
sults interpreted without knowl-
edge of the results of the index
tests?

Unclear    

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

  Unclear risk  

Are there concerns that the tar-
get condition as defined by the
reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval
between index test and reference
standard?

Yes    

Did all patients receive the same
reference standard?

No    

Were all patients included in the
analysis?

No    

Could the patient flow have in-
troduced bias?

  High risk  

Cammozzato 2011  (Continued)

 
 

Study characteristics

Patient Sampling People attending the University of Nebraska Geriatric Assessment Centre were
invited by the research team to take part.

Sampling procedure: all successive patients who contacted the clinic were
invited to enrol. The Geriatric Assessment Centre is an assessment clinic so
would be people contacting to self-refer or refer clients of social services or
family members/loved ones.

Inclusion criteria: patients referred or self-referred to Nebraska Geriatric As-
sessment Centre.

Exclusion criteria: not stated other than not completing the assessment
process or not consenting.

Patient characteristics and setting 175 potential participants. 109 (62%) were willing to participate. 100 complet-
ed both the telephone interviews and the geriatric assessment.

Total number: 100 participants

Age: 27% aged 65–74 years; 53% aged 75–84; 20% aged ≥ 85 years

Roccaforte 1992 
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Sex (% female): 76%

Years in education: 22% ≤ 8 years; 51% 9–12 years; 5% > 12 years; 2 people un-
known level of education experience

Ethnicity: 95% white, 5% black

Index tests Index test: ALFI-MMSE

Other tests: collateral version of ALFI-MMSE

ALFI-MMSE conducted by telephone. All conducted by 1 clinical nurse special-
ist. A collateral version of the ALFI-MMSE was also obtained in a separate tele-
phone call.

Target condition and reference standard(s) Target condition: dementia

Reference standard: participants undergo a comprehensive in-person assess-
ment including history, examination, blood tests and imaging, as well as other
neuropsychological tests, including face-to-face MMSE and BNPS administered
by a different nurse specialist to the telephone interview. Diagnoses of demen-
tia made according to DSM III-R criteria, and severity rated according to CDR
score.

Flow and timing Mean length of time between clinic assessment and telephone interview was
8.7 days. Telephone interview was always performed first. 9 participants miss-
ing from the analysis.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Roccaforte 1992  (Continued)
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Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Roccaforte 1992  (Continued)

 
 

Study characteristics

Patient Sampling People who contacted the University of Nebraska Geriatric Assessment Centre
were invited to take part. Same dataset as the 1992 paper.

Sampling procedure: all successive patients who contacted the clinic were in-
vited to enrol. Geriatric Assessment Centre is an assessment clinic so would be
people contacting to self-refer or refer clients of social services or family mem-
bers/loved ones.

Inclusion criteria: patients referred or self-referred to Nebraska Geriatric As-
sessment Centre.

Exclusion criteria: not stated other than not completing the assessment
process or not consenting.

Patient characteristics and setting 175 potential participants. 109 (62%) were willing to participate. 100 complet-
ed both the telephone interviews and the geriatric assessment.

Total number: 100 participants

Roccaforte 1994 
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Age: 27% aged 65–74 years; 53% aged 75–84 years; 20% aged ≥ 85 years

Sex (% female): 76%

Year in education: 22% ≤ 8 years; 51% 9–12 years; 25% > 12 years; 2 people un-
known level of education experience

Ethnicity: 95% white, 5% black

Index tests Index test: SPMSQ

Other tests: ALFI-MMSE

Test conducted by telephone within the ALFI-MMSE questionnaire. SPMSQ
made up of demographic and memory-testing portions of the ALFI-MMSE.
Scoring of SPMSQ based on number of correct answers, in contrast to previous
studies which have classified according to number of errors made, and adjust-
ed for education and race.

In this study, scores were adjusted for race and education. ≤ 7 correct answers
provided optimal sensitivity and specificity for diagnosing dementia.

Target condition and reference standard(s) Target condition: dementia

Reference standard: in-depth in-person assessment including history, physical
examination, laboratory tests and imaging, and neuro-psychological tests.

Flow and timing All participants received the index test and reference standard. Telephone as-
sessment occurred first with a mean interval of 8.7 days in between telephone
and in-person assessment (SD 6.4; range 3–35 days). 9 participants missing
from the analysis.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

Roccaforte 1994  (Continued)
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Roccaforte 1994  (Continued)

 
 

Study characteristics

Patient Sampling 184 participants enrolled in longitudinal, observational study
(Texas Alzheimer's Research and Care Consortium) at the San An-
tonio site.

Sampling procedure: not stated.

Inclusion criteria: not stated.

Exclusion criteria: not stated.

Patient characteristics and setting Participants enrolled in a longitudinal, observational cohort study
(Texas Alzheimer's Research and Care Consortium), at the San An-
tonio site.

Total number: 184

Mean age (years): 67.65 (SD 7.17)

Salazar 2014 
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Sex (% female): 55%

Mean years in education: 13.6 (SD 2.7)

Ethnicity: 100% Mexican Chicano/Mexican Americans. All Hispanic

Index tests Index test: AQ – informant based

Other tests: TICS-m, MIS-T and TEXAS

Target condition and reference standard(s) Target condition: MCI and dementia

Reference standard: presence or absence of dementia assessed by
an in-person clinical interview and neurological examination, and
neuropsychological battery assessment. Diagnoses made accord-
ing to DSM-IV criteria and severity assessed using CDR.

Flow and timing The interval between the index test and reference standard was
not stated. All participants received an index and a reference stan-
dard. 2 participants missing from the final analysis.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Salazar 2014  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Salazar 2014  (Continued)

 
 

Study characteristics

Patient Sampling Participants were recruited from an in-patient geriatric rehabilitation unit. No ad-
ditional information provided.

Sampling procedure: the treating team identified participants based on the inclu-
sion and exclusion criteria.

Inclusion criteria: not reported.

Exclusion criteria: severe hearing impairment, need for an interpreter, severe dys-
phasia, medical instability, delirium.

Patient characteristics and setting In-patients at a geriatric rehabilitation unit.

Total number: 42

Mean age (years): 75 (range 41–95)

Sex: not reported.

Mean years in education: not reported.

Ethnicity: not reported.

Index tests Index test: RUDAS

Other tests: none

Tests were conducted by video call and face-to-face by assessors (advanced
trainees in geriatric medicine) trained by a neuropsychologist. There was a cali-
bration period to ensure consistency in the scoring. It was not reported whether
assessors were blinded to the knowledge of the reference standard. Participants

Wong 2012 
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were allocated at random to receive either the video-call or face-to-face assess-
ment first. The RUDAS was modified for video call in the following ways: the video
call provided a mirror image and a reference point for "leN" was used to ensure ac-
curate scoring, hand actions were performed at chest rather than desk height, and
a felt pen rather than pencil was used.

A test threshold of 23 was prespecified for a diagnosis of dementia.

Target condition and reference standard(s) Target condition: dementia (moderate or severe cognitive impairment).

Reference standard: the treating clinician (advanced trainees in geriatric medicine)
diagnosed dementia. The diagnostic criteria or procedure for assessing the refer-
ence standard used were not reported. The reference standard was conducted in-
dependently of the index test.

Flow and timing There was a minimum of 2 hours between video-call and face-to-face assessments,
but not > 24 hours between assessment.

No dropouts were reported.

Data on true and false positives and negatives reported in the paper, and sensitiv-
ity and specificity were calculated in Review Manager 5 (true positive: 8, false posi-
tive: 3, true negative: 29, false negative: 2) (Review Manager 2020).

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have intro-
duced bias?

  Unclear risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Wong 2012  (Continued)
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Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Unclear    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Yes    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Yes    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Wong 2012  (Continued)

 
 

Study characteristics

Patient Sampling Participants recruited from longitudinal ageing study. Study included in-
patients and outpatients at the memory clinic at Xuanwu hospital in Bei-
jing, China.

Sampling procedure: not stated.

Inclusion criteria: patients of the memory clinic at Xuanwu hospital in Bei-
jing.

Exclusion criteria: severe sensorimotor deficit, e.g. severe hearing deficit,
delirium, or other acute physical conditions. Other diagnosed psychiatric
diseases, e.g. depression.

Patient characteristics and setting Total number: 132

Mean age (years): dementia 76 (SD 6.2), normal cognition: 74 (SD 5.5)

Sex (% female): 56% (74) overall, dementia 56.9% (37), normal cognition:
55% (37)

Zhou 2004 
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Mean years in education: dementia 7.6 (SD 5.2), normal cognition: 7.3 (SD
4.5)

Ethnicity: not stated.

Index tests Index test: IQCODE

Other tests: BRDS, IMCT

Tests administered by telephone by trained personnel.

IQCODE and BRDS were undertaken first and then IMCT completed with an
informant present to ensure aids such as calendar or notes were not used.
Informants were also used to verify participant's responses. 2 participants
underwent 2 assessments for inter-rater reliability and 20 underwent sub-
sequent testing for test–retest reliability.

Target condition and reference standard(s) Target condition: dementia

Reference standard: patient history, examination, neuropsychological
testing and laboratory tests done in face-to-face assessments. Diagnoses
made by senior neurologists according to DSM-IV criteria.

Flow and timing All participants received index tests and reference standards. Order of
administration was randomised. Interval between face-to-face and tele-
phone assessments was 10–19 days.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Zhou 2004  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Zhou 2004  (Continued)

ACE: Addenbrooke's Cognitive Examination; AD: Alzheimer's disease; ALFI-MMSE: Adult Lifestyles and Function Interview Mini-Mental
State Examination; AQ: Alzheimer's Questionnaire; BNPS: Brief Neuropsychiatric Screening test; BRDS: Blessed-Roth Dementia Scale; CDR:
Clinical Dementia Rating; DSM III-R: Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised; DSM-IV: Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition; IMCT: Information Memory Concentration Test; IQCODE: Informant Questionnaire on
Cognitive Decline in the Elderly; MCI: mild cognitive impairment; MIS-t: Memory Impairment Screen-Telephone; MMSE: Mini-Mental State
Examination; MoCA: Montreal Cognitive Assessment; NINCDS-ADRDA: National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer's Disease and Related Disorders Association; RUDAS: Rowland Universal Dementia Assessment Scale; SD:
standard deviation; SPMSQ: Short Portable Mental Status Questionnaire; TEXAS: Telephone version of the Executive Interview; TICS-m:
Modified Telephone Interview for Cognitive Status.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abdolahi 2016 Long time interval between remote and in-person assessment.

Bentvelzen 2019 Long time interval between remote and in-person assessment.

Chumbler 1998 No full text available.

Ciemins 2009 Wrong population.

Cook 2009 Participants with mild cognitive impairment (CDR < 0.5) rather than dementia.
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Study Reason for exclusion

Crooks 2005 Informant-based assessment.

Cullum 2006 Same person administering both the in-person and remote assessment.

Fong 2009 Telephone assessment but conducted in-person.

Gatz 2002 Only those who screened positive were further evaluated and with a long time interval between as-
sessments.

Go 1997 Informant-based assessment.

GraD-Radford 2006 Probable case-control study and participants with dementia and mild cognitive impairment, data
not presented separately.

Kempen 2007 Same person administering both the in-person and remote assessment.

Knopman 2010 Same person administering both the in-person and remote assessment.

Larner 2021 Telephone assessment but conducted in-person.

Lipton 2003 Long time interval between remote and in-person assessment.

Manly 2011 Informant-based assessment combined with direct assessment and data not presented separately.

Martin-Khan 2012 Remote assessment of dementia rather than a cognitive test.

Myers 2016 Self-completed assessment.

Tremont 2016 Longitudinal study.

Vercambre 2010 Combined mild cognitive impairment and dementia cohort, data not provided separately.

Wadsworth 2018 Combined mild cognitive impairment and dementia cohort, data not provided separately.

Wong 2015 Remote assessment was significantly truncated and not considered to be comparable to the full in-
person assessment.

Younes 2007 Self-administered test.

Zhou 2020 Remote assessment was significantly truncated and not considered to be comparable to the full in-
person assessment.

Zietemann 2017 Participants with mild cognitive impairment (CDR < 0.5) rather than dementia.

CDR: Clinical Dementia Rating.
 

 

D A T A

Presented below are all the data for all of the tests entered into the review.
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Table Tests.   Data tables by test

Test No. of studies No. of participants

2 ALFI-MMSE 2 233

3 IMCT 1 132

4 SPSMQ 1 100

5 Tele-Free-Cog 1 108

7 RUDAS 1 42

 
 

Test 2.   ALFI-MMSE

 
 

Test 3.   IMCT

 
 

Test 4.   SPSMQ

 
 

Test 5.   Tele-Free-Cog
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Test 7.   RUDAS

 

 

A D D I T I O N A L   T A B L E S
 

Study Patient selection Applicability con-
cerns

Index test Reference
standard

Flow and tim-
ing

Telephone assessments

Arnold 2009 Older adults (> 65 years) re-
cruited from the Cardiovas-
cular Health Study.

Sampling procedure: random
sampling.

Participants randomly select-
ed to receive 3MSE, TICS and
IQCODE stratified by educa-
tion, and prior 3MSE scores.
Additional participants out-
side of strata were recruited
to reach the target sample
sizes.

Inclusion criteria: aged ≥ 65
years, not wheelchair bound,
able to provide informed
consent, did not require a
proxy respondent, were not
under active treatment for
cancer and planned to re-
main in the area for ≥ 3 years.

Exclusion criteria: not report-
ed.

Participants
were communi-
ty dwelling older
adults (aged > 65
years) enrolled in
a USA cohort.

Total number of
participants: 405,
290 with all 3 cog-
nitive measures,
74 with TICS-m
and 3MSE only,
and 41 with IQ-
CODE and 3MSE
only.

Mean age (years):
80.5 (range 70–
102).

Sex (% female):
62%.

Education: 52.2%
> 10 years' educa-
tion.

Ethnicity: 28%
African American.

Index test: TICS-m.

Other tests conducted:

IQCODE.

Used the 40-point ver-
sion of the TICS. No in-
formation provided on
the assessors.

3MSE conducted annu-
ally at in-person clinic
visits.

TICS-m and IQCODE
evaluated against the
3MSE within 30 days.

No information provid-
ed on the administra-
tion of the tests.

TICS-m and IQCODE
attempted for partici-
pants who did not have
an in-person clinic vis-
it. Thresholds prespeci-
fied for 3MSE (< 80), and
TICS (< 25).

Unclear whether the
3MSE and TICS were
conducted indepen-
dently of one another.

Assessments conducted
in English.

Reference
standard:

Discrimina-
tive ability of
the TICS com-
pared to 3MSE
score.

No informa-
tion provided
on the asses-
sors or con-
duct of the
3MSE.

The TICS-m
was conducted
within 30 days
of the 3MSE.

405 partici-
pants recruited,
dropouts not
reported.

364 partici-
pants had both
the 3MSE and
TICS-m.

Baccaro 2015 Participants recruited from
the Study of Stroke Mortality
and Morbidity in Adult (EMMA
study).

Total number of
participants: 61

Mean age (years):
61.9 (range 22–87)

Index test: TICS-m
(modified Brazilian-Por-
tuguese version).

Reference
standard:
MMSE.

TICS-m con-
ducted at 1 and
2 weeks after
the in-person
evaluation.

Table 1.   Characteristics of studies comparing remote with in-person assessment 
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Conducted in Brazil.

Sampling procedure:

not reported.

Inclusion criteria: clinical di-
agnosis of stroke; age ≥ 35
years; Portuguese speaker.

Exclusion criteria: moder-
ate-to-severe neurological
disease; alcohol and sub-
stance abuse; aphasia and
other significant acute med-
ical conditions.

Sex (% female):
36.1%

Education: 14.8%
illiterate, 42.6% <
7 years, 19.7% 8–
11 years, 23% > 11
years

Ethnicity: 44.3%
white, 4.9% black,
39.3% mixed,
11.5% Asiatic

Thresholds prespecified
as: ≤ 21 (no formal edu-
cation), ≤ 22 (low edu-
cation), ≤ 23 (interme-
diate education), ≤ 24
(high education).

However, in the report-
ed results an optimal
threshold was used at <
14.

Test translated and cul-
turally adapted in a
subsample of 30 non-
clinical participants
who were accompa-
nying patients at the
emergency depart-
ment, or from the com-
munity.

Other tests: Hamil-
ton Depression Rating
Scale.

All tests car-
ried out by
2 psycholo-
gists but un-
clear whether
the index test
and reference
standard were
independent
of one anoth-
er.

61 participants
included in the
analysis (of
whom 14 had
cognitive im-
pairment).

504 partici-
pants enrolled
in the EMMA
study, 122
(24.2%) met the
exclusion crite-
ria; 165 (32.7%)
were not found
or not reached
on time to
participate,
85 (16.9%)
died before 6
months of fol-
low-up, and
42 (8.4%) eli-
gible patients
refused to par-
ticipate. 90
(17.9%) pa-
tients were in-
vited to the
initial inter-
view, 17 (0.3%)
did not attend
the interview,
and 12 people
(0.2%) were lost
along the fol-
low-up.

Castanho
2015

Participants recruited while
in the waiting area of a health
centre for their annual check-
up.

Sampling procedure: conve-
nience sample, stratified by
age and sex.

Inclusion criteria: not report-
ed.

Exclusion criteria: inability to
consent, inability to read or
write, dementia, diagnosed
neuropsychiatric, neurode-
generative disorder.

Study undertaken
in Portugal.

Participants were
equally distrib-
uted between ur-
ban and rural ar-
eas.

Total sample: 142
participants

Mean age (years):
67.5 (range 52–84)

Sex (% female):
56.3%

Education: medi-
an 4 (range 0–17)
years, < 4 years
69.7%, ≥ 4 years
30.3%

Index test: TICS-m (Por-
tuguese version).

Other tests: none.

Index tests were con-
ducted without the
knowledge of the refer-
ence standard.

TICS-m was translat-
ed into Portuguese by
2 psychologists and a
biochemist, and back
translated by a further
psychologist and lin-
guist. The translated
version was further re-
viewed in multidiscipli-
nary team discussions,
in a pilot survey, and a
pilot study of 33 com-

Reference
standard:
MMSE, MoCA.

Reference
standard was
conducted in-
dependent-
ly of the in-
dex tests by
a trained psy-
chologist.

Index tests con-
ducted within
1 month of in-
person assess-
ment.

All participants
completed the
TICS-m and
MMSE.

Table 1.   Characteristics of studies comparing remote with in-person assessment  (Continued)
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Ethnicity: not re-
ported.

munity-dwelling older
adults.

The final version of the
TICSm-PT comprised 13
items with a maximum
score of 39 points.

A psychologist conduct-
ed the TICS-m.

Test thresholds were
not prespecified and
optimal cut-oDs were
calculated using the
study data.

Christodoulou
2016

Participants recruited from
outpatient clinics.

Sampling procedure: not re-
ported.

Inclusion criteria: diagnosed
with sporadic ALS, progres-
sive muscular atrophy, sus-
pected primary lateral sclero-
sis, bulbar palsy, or predom-
inantly upper motor neuron
disease; with a disease du-
ration of ≤ 18 months after
symptom onset; aged ≥ 20
years; reliable family carer
who could give independent
informed consent for provid-
ing information and assisting
with testing; fluent in English;
capacity to consent.

Exclusion criteria: not report-
ed.

Study undertaken
in the USA.

Total number of
participants: 31

Mean age (years):
62 (SD 8)

Sex (% female):
35%

Education: 68%
college degree,
6% some college,
3% associates
degree, 3% high
school

Ethnicity: not re-
ported.

Index test: University
of California Screening
Battery (UCSF).

Other tests: TICS.

Cognitive assessment
was modified to be de-
livered by telephone by
removal of the visual
assessments, saccades
and anti-saccades were
replaced with tapping
commands.

All other components
were the same as the
original assessment. As-
sessments were con-
ducted in English.

Participants were as-
signed to 2 groups to
either undergo the in-
person or telephone as-
sessment first.

Index test and reference
standard conducted by
the same trained inter-
viewer.

Test thresholds were
not prespecified.

Reference
standard: In-
person assess-
ment of UCSF
and MMSE.

Index test con-
ducted within
2 weeks of the
reference stan-
dard.

Dropouts not
reported.

Crooks 2007 908 adults aged > 65 years
randomly selected from
Kaiser Permente Southern
California and recruited by
letter invitation.

Sampling procedure: ran-
dom, equal numbers of
males, females and ethnic
groups were targeted.

Community
dwelling adults in
the USA.

Total number: 211

Age (years): 32%
60–69, 28% 70–74,
25% 75–79, 10%
80–84, 5% ≥ 85

Index test: CALLS.

Other tests: none.

Unclear whether in-
dex test was conducted
without knowledge of
the reference standard.

Reference
standard:
MMSE.

Lay interview-
ers with de-
gree were
trained by
neuropsychol-
ogists and su-

Mean time be-
tween tests
16.27 (range 1–
60) days.

152 partici-
pants excluded
from study, and
not all partici-
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Inclusion criteria: not report-
ed.

Exclusion criteria: language
barrier; aged < 65 years; ill-
ness; severe hearing problem
and relocation out of area.

Sex (% female):
51%

Education: 7%
high school, 20%
high school grad-
uate, 39% some
college, 34% col-
lege or higher

Ethnicity: 21%
Asian; 23% African
American; 19%
Hispanic, 36%
white

No information was
provided on the asses-
sors of the index test.

Test threshold was not
prespecified.

pervised by
project staD to
perform the
test battery.

197 partic-
ipants re-
ceived MMSE.

pants received
MMSE.

Dellasega
2001

Participants recruited from a
primary care office.

Sampling procedure: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: if unable to
complete both morning and
afternoon sessions.

Participants
scheduled for geri-
atric assessment
or follow-up visit.

Total number: 12

Mean age (years):
81.3 (SD 1)

Sex (% female):
58%

Education: 25%
less than high
school, 8% some
high school, 42%
high school, 25%
college

Ethnicity: 100%
Caucasian

Index test: OMC tele-
phone.

Index test administered
by the research assis-
tant (medical student
or geriatric nurse prac-
titioner) by telephone
following the in-person
assessment.

Thresholds not pre-
specified.

Reference
standard:
OMC in-per-
son.

Administered
by research
assistant
(medical stu-
dent or geri-
atric nurse
practitioner)
in-person.

In addition to
administering
the OMC, the
research as-
sistants made
independent
clinical judge-
ments about
the partici-
pants' men-
tal status. This
impression
was a sub-
jective rat-
ing based on
interactions
with the par-
ticipants.

Reference stan-
dard and index
test conduct-
ed on the same
day.

Dropouts not
reported.

Garre-Olmo
2008

Outpatients with a diagnosis
of dementia were recruited.

Sampling procedure: consec-
utive.

Inclusion criteria: informed
consent, telephone in the
place of residence.

Exclusion criteria: hearing
deficit, serious illness, MMSE
score < 5.

Total number: 141

Mean age (years):
76.6 (SD 6.9)

Sex (% female):
69%

Education: 14%
illiterate, 36% 1–
6 years, 49% > 7
years

Index test: telephone
MMSE.

Order of the remote and
in-person assessments
were randomised.

Reference
standard: in-
person MMSE.

No informa-
tion on con-
duct of the in-
person MMSE.

Mean inter-
val of 10 days
between tele-
phone and in-
person assess-
ments.

There were no
dropouts, 29
patients did not
agree or meet

Table 1.   Characteristics of studies comparing remote with in-person assessment  (Continued)
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Ethnicity: not re-
ported.

the inclusion
criteria.

Kennedy 2014 Participants in a cohort study
(University of Alabama at
Birmingham Study of Aging
II).

Sampling procedure: ran-
dom, stratified.

Inclusion criteria: aged ≥ 75
years, living independent-
ly, able to schedule study
appointments and answer
questions independently,
able to complete index and
reference tests.

Exclusion criteria: not report-
ed.

Community
dwelling older
adults.

Total number: 402

Mean age (years):
81.6 (SD 4.8)

Sex (% female):
58%

Mean education:

8% elementary
school, 50% high
school, 3% some
college, 10% col-
lege graduate

Ethnicity: 65%
Caucasian

Index test: MMSET.

No information provid-
ed on the assessor of
the index test.

Unclear whether they
were conducted inde-
pendently of the refer-
ence standard.

Test threshold was not
prespecified.

Reference
standard:
MMSE, SIS.

Trained inter-
viewers con-
ducted the as-
sessments.

Unclear
whether the
reference
standard was
conducted
without the
knowledge of
the index test
results.

Time interval
between index
test and refer-
ence standard
not specified.

419 partici-
pants under-
went baseline
assessments,
17 did not have
a telephone as-
sessment at fol-
low-up.

402 were in-
cluded in the fi-
nal sample.

Lanska 1993 No information provided on
the recruitment procedure.

Sampling procedure: not re-
ported.

Inclusion criteria: Hachins-
ki score < 4, EEG and brain
imaging consistent with AD.

Exclusion criteria: not report-
ed.

All participants
had a diagnosis of
probable AD.

Total number: 30

Median age
(years):

76 (range 59–88)

Sex (% female):
73%

Median education:
12 (range 4–20)
years

Ethnicity: not re-
ported

Index test: TAMS.

The index test was ad-
ministered by a trained
psychometrist indepen-
dently of the reference
standard.

Reference
standard:
MMSE and
ADAS.

Scales ad-
ministered
by a trained
psychome-
trist, who was
blinded to the
index test re-
sults.

Reference stan-
dard adminis-
tered within 1
week of index
test.

2 participants
were unable to
be assessed by
telephone and
were assigned a
score of 0.

Matrisch 2012 Participants recruited from 9
primary care practices.

Sampling procedure: not re-
ported.

Inclusion criteria: aged ≥ 70
years, absence of acute ill-
ness, ability to visit the gen-
eral practitioner's practice,
availability by telephone and
written consent.

Exclusion criteria: not report-
ed.

Total number: 197

Median age
(years):

78.5 (SD 4.1)

Sex (% female):
58%

Education: not re-
ported.

Index test: TICS-m.

TICS-m was carried out
independently of the
reference standard.

No information provid-
ed on the assessor.

Reference
standard:
MMSE.

MMSE admin-
istered in the
primary care
practice.

Unclear if
this was con-
ducted inde-
pendently of
the reference
standard.

Interval be-
tween the index
test and refer-
ence standard
was not report-
ed.

Dropouts were
not reported.

Table 1.   Characteristics of studies comparing remote with in-person assessment  (Continued)
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Metitieri 2001 Admissions to an Alzheimer's
unit.

Sampling procedure: consec-
utive.

Inclusion criteria: admission
to the Alzheimer's Unit.

Exclusion criteria: deafness,
severe aphasia, acute condi-
tions and advanced demen-
tia (classified as CDR of 4 or
5).

Total number: 104

Mean age (years):
77.2 (SD 8.1)

Sex (% female):
76%

Mean education:
5.2 (SD 2.3) years

Ethnicity: not re-
ported.

Index test: Itel-MMSE.

Itel-MMSE was adapted
from the ALFI-MMSE.

No information on the
adaptation process.
Itel-MMSE is an Ital-
ian language, tele-
phone-adapted version
of the MMSE.

Participants received
3 different administra-
tions of the Itel-MMSE –
2 by the same assessor
within 1 week for test–
retest reliability and a
third by a different as-
sessor to measure in-
ter-rater reliability.

Reference
standard:
MMSE face-to-
face.

Unclear
whether dif-
ferent asses-
sors com-
pleted the in-
dex test and
the reference
standard.

Time interval
between ad-
ministration of
index test and
reference stan-
dard unclear.

2 administra-
tions of the in-
dex test were
within 1 week
of each other.

Monteiro 1998 Participants in a cohort
study.

Sampling method: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: partici-
pants involved in initial eval-
uation study.

Total number: 30

Mean age (years):

77.6 (SD 7.8)

Sex (% female):
57%

Mean education
(years): not re-
ported.

Index tests: telephone
assessments of MMSE,
BCRS.

Other tests: Global De-
terioration Scale, Func-
tional Assessment Stag-
ing, Behavioural Pathol-
ogy in Alzheimer's Dis-
ease Rating Scale.

Index test conducted in-
dependent of the refer-
ence standard by a clin-
ician.

Reference
standard: in-
person MMSE
and BCRS.

Reference
standard was
conducted by
a second clini-
cian who was
blinded to the
telephone as-
sessment.

Mean time be-
tween index
and reference
tests was 7.2
(range 2–30)
days.

2 participants
did not under-
go telephone
interview.

Newkirk 2004 Participants with a diagnosis
of AD in a cohort study.

Sampling method: not re-
ported.

Inclusion criteria: aged 55–
90 years with a diagnosis of
AD, and MMSE score > 5, and
a carer willing to participate
in the longitudinal study.

Exclusion criteria: not report-
ed.

Participants with
a diagnosis of AD.

Total number: 46

Mean age (years):
76.5

Sex (% female):
52%

Mean education
(years): ≤ 8 years:
2%, 9–12 years:
26%, > 12 years:
72%

Ethnicity: 87%
Caucasian

Index tests: ALFI-MMSE.

Index test administered
by a clinical research
assistant.

Not reported whether
this was independent
of the in-person assess-
ment.

Reference
standard: in-
person MMSE.

MMSE deliv-
ered in-person
by a clinician.

Not reported
if this was in-
dependent of
the telephone
assessment.

Interval be-
tween the in-
person and
telephone as-
sessment was
1–35 days.

7 people miss-
ing from the
analysis.

Plassman
1994

Participants in a cohort
study.

Male twin veter-
ans referred for
suspected AD.

Index tests: TICS-m.

TICS-m administered
by trained, lay inter-

Reference
standard: in-
person MMSE.

Mean 18 days
between tele-
phone and in-

Table 1.   Characteristics of studies comparing remote with in-person assessment  (Continued)
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Sampling method: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: not report-
ed.

Total number: 67

Mean age (years):
69 (SD 3)

Sex (% female):
0%

Mean education
(years):13 (4)

Ethnicity: not re-
ported.

viewers, blinded to the
knowledge of the refer-
ence standard.

In-person as-
sessment oc-
curred before
the telephone
and therefore
was blinded to
the results of
this.

person assess-
ment.

14 participants
missing from
the analyses.

Video-call assessments

Ball 1993 Participants aged ≥ 65 years
recruited from inpatients at
an old age psychiatry unit.

Sampling procedure: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: not report-
ed.

Participants were
aged > 65 years
of age from an in-
ner-city UK based
psychiatry service.

Total number: 11

Age (years): range
22–58

Sex (% female):
18%

Education: not re-
ported.

Ethnicity: not re-
ported.

Index test: CAMCOG.

Other tests: none.

Index test conducted
independently of refer-
ence standard by psy-
chologists. Order of re-
mote and in-person
assessments was ran-
domised.

Reference
standard: in-
person assess-
ment of the
CAMCOG.

Reference
standard was
conducted in-
dependently
of the index
tests by psy-
chologists.

48-hour inter-
val between re-
mote and in-
person assess-
ments.

1 dropout from
the study.

Test accuracy
data not report-
ed.

Carotenuto
2018

Participants with diagnosis
of AD recruited from the Neu-
rodegenerative Diseases Unit
in Naples, Italy.

Sampling procedure: ran-
dom.

Inclusion criteria: aged > 50
years, MMSE score 12–24, > 5
years' education, good hear-
ing and vision, living or in
contact with a carer.

Exclusion criteria: decom-
pensated heart disease,
chronic renal failure, severe
liver failure, uncorrected thy-
roid disorder, cancer, major
depression, different diagno-
sis of AD.

Outpatients from
a specialist clinic
in Italy aged > 50
years.

Total number: 28

Age (years): 73.8
(SD 7.5)

Sex (% female):
71%

Education (years):
7.6 (SD 4.1)

Ethnicity: not re-
ported.

Index test: MMSE and
ADAS-Cog.

Other tests: none.

Remote tests adminis-
tered independently of
the in-person assess-
ment by a trained and
experienced psycholo-
gist.

Reference
standard: in-
person assess-
ment of the
MMSE and
ADAS-Cog.

Tests admin-
istered inde-
pendently of
the remote as-
sessments by
a trained and
experienced
psychologist.

Interval be-
tween remote
and in-person
assessments
was 2 weeks.

No missing da-
ta.

Neither MMSE
nor ADAS-Cog
scores differed
significantly be-
tween remote
and in-person
testing.

Cullum 2014 Participants recruited from
the Alzheimer's Disease Cen-
ter at the University of Texas
Southwestern Medical Center

Participants were
both

urban and rural
dwelling.

Index test: MMSE.

Other tests: neuropsy-
chological battery.

Reference
standard: in-
person assess-
ment of the
index tests.

No missing da-
ta and remote
and in-person
assessments
were conduct-

Table 1.   Characteristics of studies comparing remote with in-person assessment  (Continued)
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in Dallas, and a satellite clinic
in Talihina, Oklahoma.

Sampling procedure: not re-
ported.

Inclusion criteria: fluent in
English (primary language),
adequate hearing and vision.

Exclusion criteria: not report-
ed.

Total number: 202

Age (years): 68.5
(SD 9.5)

Sex (% female):
63%

Education (years):
14.1 (SD 2.7)

Ethnicity: not re-
ported.

Participants ran-
domised to either in-
person or video call
first. Tests performed
by trained research as-
sistants or psychome-
trists. No information
provided on blinding of
the index tests.

No informa-
tion reported
on the blind-
ing of the ref-
erence stan-
dard assess-
ment.

For rural par-
ticipants,
some of the
reference
standard was
administered
remotely, in
addition to in-
person assess-
ment.

ed on the same
day.

Hwang 2022 Participants recruited from 2
Australian aged care assess-
ment services, and from a
multicultural community ser-
vice.

Sampling procedure: not re-
ported.

Inclusion criteria: commu-
nity dwelling adults aged >
65 years from a culturally or
linguistically diverse back-
ground, requiring an inter-
preter, with carer or individ-
ual reported cognitive im-
pairment.

Exclusion criteria: not report-
ed.

Participants were
recruited from
culturally and lin-
guistically diverse
backgrounds with
limited English
language profi-
ciency.

Total number: 90

Age (years): 76

Sex (% female):
64%

Education: 47% at
≤ 8 year

Ethnicity: not re-
ported.

Index test: RUDAS.

Other tests: GDS.

Index test was delivered
in-person but with an
interpreter via video
call. No information
provided on the blind-
ing of the index tests.

Reference
standard: in-
person assess-
ment of the
index test.

Reference
standard was
conducted
by an allied
health profes-
sional with an
interpreter.
No informa-
tion provided
on the blind-
ing of the ref-
erence stan-
dard.

7–14 days be-
tween remote
and in-person
assessments.
19 (17%) partic-
ipants did not
complete both
assessments.

RUDAS scores
were similar be-
tween video
call (27) and in-
person assess-
ment (28), with
no significant
difference on
paired t-test,
and a correla-
tion coefficient
of 0.73 between
the 2 modali-
ties.

Loh 2004 Participants were inpatients
on a postoperative rehabili-
tation unit for fractured neck
of femur or acute medical
unit presenting to geriatri-
cians with a range of condi-
tions (dementia, delirium,
depression).

Sampling procedure: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: not report-
ed.

Inpatients aged ≥
65 years.

Total number: 20

Age (years): 82
(range: 72–95)

Sex (% female):
80%

Education: not re-
ported.

Ethnicity: not re-
ported.

Index test: SMMSE.

Other tests: GDS.

Assessments were con-
ducted by an advanced
trainee in geriatric med-
icine.

The order of in-per-
son and remote assess-
ments was randomised.

Remote tests were con-
ducted independently
of the in-person assess-
ment.

Reference
standard: SM-
MSE.

Assessments
conducted by
an advanced
trainee in geri-
atric medi-
cine. In-per-
son assess-
ment con-
ducted inde-
pendently of
the remote
tests.

Interval be-
tween the in-
person and re-
mote assess-
ment was not
reported.

No dropouts re-
ported.
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Loh 2007 Rural dwelling people in Aus-
tralia, referred by general
practitioners for symptoms
of cognitive impairment.

Sampling procedure: not re-
ported.

Inclusion criteria: fluent in
English with no significant vi-
sual or sensory impairment
that would prevent participa-
tion in a video call.

Exclusion criteria: not report-
ed.

Rural dwelling
participants in
Australia referred
for assessment of
cognitive impair-
ment.

Total number: 20

Mean age (years):
79 (range 67–89)

Sex (% female):
55%

Education: not re-
ported.

Ethnicity: not re-
ported.

Index test: MMSE.

Other tests: GDS, IQ-
CODE, activities of daily
living, instrumental ac-
tivities of daily living.

Index test was delivered
via video call by geria-
tricians. Assessors were
blinded to reference
standard.

Test threshold not pre-
specified.

Allocation to the order
of the index test and
reference standard was
alternate.

Reference
standard:
MMSE.

Reference
standard ad-
ministered
by a special-
ist geriatri-
cian (single
clinician as-
sessment). As-
sessors were
blinded to the
knowledge of
the index test.

Remote assess-
ments were
conducted
within 1 week
of the in-person
assessment.

No dropouts re-
ported.

Menon 2001 Participants aged ≥ 60 years
and inpatients at an acute
medical unit or a geriatric
evaluation and management
unit.

Sampling procedure: conve-
nience sample.

Inclusion criteria: not report-
ed.

Exclusion criteria: too unwell
to participate.

Total number: 12

Age: not reported.

Sex: not reported.

Education: not re-
ported.

Ethnicity: not re-
ported.

Index test: SPMSE.

Other tests: GDS, Hamil-
ton Depression Scale.

Video-call assessments
conducted by geropsy-
chiatry fellows indepen-
dently of the in-person
assessment.

Reference
standard: in-
person SP-
MSE.

In-person as-
sessment con-
ducted by a
geropsychia-
try fellow in-
dependently
of the remote
assessment.

Remote and in-
person assess-
ments conduct-
ed on the same
day, or within 1
week.

No dropouts re-
ported.

Vahia 2015 Participants were mono-
lingual or bilingual Span-
ish-speaking who were re-
ferred for assessment for sus-
pected cognitive impairment.

Sampling procedure: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: severe
concurrent medical illness,
major psychiatric disorder,
sensory impairments or pre-
vious neurological impair-
ments.

Participants were
aged > 65 years
with suspected
cognitive impair-
ment.

Total number: 17

Age (years): 70–71

Sex (% female):
18–27%

Education: 5–5.9
years

Ethnicity: not re-
ported.

Index test: MMSE.

Other tests: neuropsy-
chological battery.

Tests undertaken by 2
trained clinical evalua-
tors, independently of
the in-person assess-
ment.

Order of remote and
in-person assessments
was randomised.

Reference
standard: in-
person assess-
ment of the
MMSE.

Tests under-
taken by 2
trained clini-
cal evaluators,
independently
of the remote
assessment.

10 participants
did not com-
plete the study.

Interval of 2
weeks.

Wadsworth
2016

Participants were recruited
from the Alzheimer's Disease
Center at the University of
Texas.

Sampling procedure: not re-
ported.

Cognitively im-
paired partici-
pants included
both MCI and AD.

Total sample: 197

Index test: MMSE.

Other tests: neuropsy-
chological battery.

Tests completed by ex-
perienced examiners.

Reference
standard: in-
person assess-
ment of the
index test.

Most tests were
completed
within 2.5 hours
of each other, 2
were complet-
ed at 7 and 14
days.
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Inclusion criteria: fluent in
English with no significant vi-
sual or sensory impairment
that would prevent participa-
tion in a video call.

Exclusion criteria: not report-
ed.

(78 cognitively im-
paired)

Mean age (years):
healthy: 66.1 (SD
9.2), dementia
72.7 (SD 8.4)

Sex (% female):
healthy: 75%, de-
mentia: 46%

Education (years):
healthy: 13.9 (SD
2.5), dementia:
14.6 (SD 3.1)

Caucasian:
healthy: 50%, de-
mentia: 62%

Test order was counter-
balanced across partic-
ipants. No information
was provided on blind-
ing.

No informa-
tion provided
on blinding.

Missing data
occurred in up
to 20 partici-
pants (10%).

Test scores dif-
fered signifi-
cantly between
remote and in-
person assess-
ment only for
the category
fluency test.

Wong 2011 Participants recruited from
an inpatient Geriatric rehabil-
itation unit in a large teach-
ing hospital.

Sampling procedure: not re-
ported.

Inclusion criteria: not report-
ed.

Exclusion criteria: not report-
ed.

Total sample: 42

Mean age (years):
74.8

Sex: not reported.

Education: not re-
ported.

Ethnicity: not re-
ported.

Index test: RUDAS.

Other tests: none.

Assessment order and
allocation to 1 of 2 as-
sessing doctors was
randomised. Threshold
of 23 used to determine
a diagnosis of demen-
tia.

Reference
standard: in-
person assess-
ment of the
index test.

Time interval
between the re-
mote and in-
person assess-
ments not re-
ported.

In-person and
video-call as-
sessments cor-
related with
a coefficient
of 0.79, with
no significant
differences.
Agreement be-
tween condi-
tions was 71%,
± 2 points in 30
cases.

Agreement for
a diagnosis of
dementia was
88%.

Table 1.   Characteristics of studies comparing remote with in-person assessment  (Continued)

3MSE: modified Mini-Mental State Examination; AD: Alzheimer's disease; ADAS: Alzheimer's Disease Assessment Scale; ADAS-Cog:
Alzheimer's Disease Assessment Cognitive Subscale; ALS: amyotrophic lateral sclerosis; BCRS: Brief Cognitive Rating Scale; CALLS:
Cognitive Assessment for Later Life Status; CAMCOG: Cambridge Cognition Examination; EEG: electroencephalogram; GDS: Geriatric
Depression Scale; IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly; MMSE: Mini-Mental State Examination; MMSET:
Mini-Mental State Examination Telephone; MoCA: Montreal Cognitive Assessment; OMC: Ottawa Mental State Exam; RUDAS: Rowland
Universal Dementia Assessment Scale; SD: standard deviation; SIS: six-Item Screener; TAMS: Telephone-Assessed Mental State; TICS:
Telephone Interview for Cognitive Status; TICS-m: Modified Telephone Interview for Cognitive Status; TICSm-PT: Telephone Interview for
Cognitive Status-Modified – Portuguese version; UCSF: University of California San Francisco.
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(95% CI)

Telephone call assessments

Arnold 2009 TICS-m vs F2F 3MSE 364 NR NR Sensitivity: 80%, speci-
ficity: 76% against 3MSE
(threshold < 80)

Baccaro 2015 TICS-m vs F2F
MMSE

61 NR NR Sensitivity: 91.5%, speci-
ficity: 71.4% against
MMSE (education adjust-
ed thresholds of 21–24)

Castanho
2015

TICS-m vs F2F
MMSE

142 NR NR Sensitivity: 90.6%, speci-
ficity: 73.7% (threshold <
13.5)

Christodoulou
2016

UCSF vs F2F others 31 ALS-CBS: 0.50
(1.00 to 1.11)

COWAT: 0.34
(0.90 to 0.99)

WVFI: 0.76
(0.95 to 1.32)

NR NR

Crooks 2007 CALLS vs F2F MMSE 211 NR NR NR

Dellasega
2001

OMC vs F2F OMC 12 NR NR Agreement between OMC
scores in-person and by
telephone was 100%

Garre-Olmo
2008

MMSE vs F2F MMSE 141 Full: 0.87 (0.83
to 0.91)

Subscale: 0.86
(0.80 to 0.90)

MD 3.5

MMSE F2F 18.9 (SD 4.9)

MMSET 15.4 (4.7)

22-item MMSE F2F 13 (5–22)

MMSET 13 (3–22)

Remote scores lower

Kennedy 2014 MMSET vs F2F
MMSE

402 NR NR MMSET showed good in-
ternal consistency with
MMSE (Cronbach a =
0.845)

AUC = 0.73 (MMSET), AUC
= 0.70 (MMSE)

Lanska 1993 TAMS vs F2F MMSE 30 NR NR NR

Matrisch 2012 TICS-m vs F2F
MMSE

197 NR NR NR

Metitieri 2001 Itel-MMSE vs F2F
MMSE

104 NR NR NR

Monteiro 1998 MMSE vs F2F MMSE 30 NR NR NR

Table 2.   Main findings of studies comparing remote with in-person equivalent tests  (Continued)
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BCRS vs F2F BCRS 30 NR NR NR

Newkirk 2004 ALFI-MMSE vs F2F
MMSE

46 NR MD 2.9

MMSE F2F 18.5 (SD 6.14)

ALFI-MMSE 15.6 (SD 6.92)

22-item subscale:

MMSE 12.10 (SD 4.97)

ALFI-MMSE 13.28 (SD 6.00)

Remote scores lower
(full)

Remote scores higher
(subscale)

Plassman
1994

TICS-m vs F2F
MMSE

67 NR NR NR

Video-call assessments

Ball 1993 MMSE VC vs F2F
MMSE

11 NR MD 0.4

MMSE F2F 23.8

MMSE VC 24.2

Remote scores higher

ADAS Cog VC vs F2F
ADAS Cog

28 NR MD 5.5

ADAS Cog F2F 28.6 (SD 19.3)

ADAS Cog VC 34.1 (SD 17.4)

Remote scores higherCarotenuto
2018

MMSE VC vs F2F
MMSE

28 NR MD 0.8

MMSE F2F 19.6 (SD 3)

MMSE VC 18.8 (SD 4.5)

Remote scores lower

Cullum 2014 MMSE VC vs F2F
MMSE

202 0.91 MMSE VC 27.6 (SD 3.1)

MMSE F2F 27.6 (SD 3.1)

Comparable scores

Hwang 2022 RUDAS vs F2F
RUDAS

45 NR MD –0.36 (–1.09 to 0.38)

RUDAS F2F 28 (25–29)

RUDAS VC 27 (25–28)

Remote scores lower

Loh 2004 MMSE VC vs F2F
MMSE

20 NR MD –0.3 (–3.9 to 4.5)

MMSE F2F 24.3 (SD 4.9)

MMSE VC 24 (SD 4.9)

Remote scores lower

Loh 2007 MMSE vs F2F MMSE 20 NR MD 0.93 (–1.89 to 0.04) Remote scores higher

Menon 2001 SPMSE VC vs F2F
SPMSE

12 NR Coefficient of variation

F2F 63%

VC 32%

NR

Table 2.   Main findings of studies comparing remote with in-person equivalent tests  (Continued)
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Vahia 2015 MMSE VC vs F2F
MMSE

17 NR MMSE F2F Z score –1.02

MMSE VC Z score –0.73

Remote scores higher

Wadsworth
2016)

MMSE vs F2F MMSE 83 0.92 MMSE VC 27.5 (SD 2.7)

MMSE F2F 27.7 (SD 2.4)

Comparable scores

Wong 2011 RUDAS VC vs F2F
RUDAS

42 NR MD 0.05 (SD 2.7) NR

Table 2.   Main findings of studies comparing remote with in-person equivalent tests  (Continued)

3MSE: modified Mini-Mental State Examination; ADAS-Cog: Alzheimer's Disease Assessment Cognitive Subscale; ALFI-MMSE: Adult
Lifestyles and Function Interview Mini-Mental State Examination; ALS-CBS: Amyotrophic Lateral Sclerosis Cognitive Behavioural Screen;
AUC: area under the curve; BCRS: Brief Cognitive Rating Scale; CALLS: Cognitive Assessment for Later Life Status; COWAT: Controlled Oral
Word Association Test; F2F: face-to-face; ICC: intraclass correlation coeDicient; Itel-MMSE: Italian version of the telephone MMSE; MD:
mean diDerence; MMSE: Mini-Mental State Examination; MMSET: Mini-Mental State Examination Telephone; NR: not reported; OMC: Ottawa
Mental State Exam; RUDAS: Rowland Universal Dementia Assessment Scale; SD: standard deviation; SPMSE: Short Portable Mental State
Examination; TAMS: Short Portable Mental State Examination; TICS-m: Modified Telephone Interview for Cognitive Status; UCSF: University
of California Screening Battery; VC: videoconferencing; WVFI: Written Verbal Fluency Index.
 

 

A P P E N D I C E S

Appendix 1. Sources searched and search strategies

 

Source Search strategy Hits retrieved

1. CENTRAL (the
Cochrane Library)

1996 to present cr-
so.cochrane.org/SearchSim-
ple.php

(Date of most recent
search: 2 June 2021)

#1 MESH DESCRIPTOR DEMENTIA EXPLODE ALL TREES 5587

#2 MESH DESCRIPTOR DEMENTIA EXPLODE ALL TREES 5587

#3 major cognitive disorder 1

#4 alzheimer* 11400

#5 dement* 21613

#6 (lewy adj2 bod*) or LBD or DLB 409

#7 FTLD or frontotemp* 489

#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 25147

#9 MESH DESCRIPTOR Neuropsychological Tests EXPLODE ALL TREES 15861

#10 MESH DESCRIPTOR Cognition Disorders EXPLODE ALL TREES WITH
QUALIFIERS DI 985

#11 (((cognit* or memor* or neuropsychological*) adj3 (assess* or test* or
task* or performance* or decline* or function*))):TI,AB,KY 31618

#12 MoCA:TI,AB,KY 838

#13 MMSE:TI,AB,KY 3504

#14 (Mini-mental State Examination):TI,AB,KY 4195

#15 (Brief Screen for Cognition Impairment):TI,AB,KY 0

April 2020: 462

June 2021: 139
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#16 (Memory and Ageing Telephone Screen):TI,AB,KY 2

#17 (Telephone Cognitive Assessment Battery):TI,AB,KY 1

#18 (Short Portable Mental Status Questionnaire):TI,AB,KY 38

#19 (Telephone Modified Mini- Mental state exam):TI,AB,KY 1

#20 (Telephone administered Minnesota Cognitive Acuity Screen):TI,AB,KY 0

#21 (Blessed Telephone Information Memory Concentration Test):TI,AB,KY 0

#22 (Structured telephone interview for dementia assessment):TI,AB,KY 0

#23 TICS:TI,AB,KY 385

#24 TICSm:TI,AB,KY 3

#25 TICS-M:TI,AB,KY 21

#26 sMMSE:TI,AB,KY 39

#27 (Telephone Interview for Cognitive Status):TI,AB,KY 31

#28 #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR
#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 44059

#29 #8 AND #28 10661

#30 MESH DESCRIPTOR Internet EXPLODE ALL TREES 3750

#31 MESH DESCRIPTOR Smartphone EXPLODE ALL TREES 312

#32 MESH DESCRIPTOR Telecommunications EXPLODE ALL TREES 5972

#33 camera* 2405

#34 phone* 10749

#35 Smartphone 2769

#36 teleconferenc* 217

#37 telephone* 16506

#38 telepsychiatry 84

#39 telemedicine* 3553

#40 video* 18901

#41 webcam* 54

#42 (remote* adj (test* or diagnos* or consult* or deliver*)) 667

#43 mobile tablet 15

#44 #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR
#40 OR #41 OR #42 OR #43 53114

#45 #29 AND #44 462

2. MEDLINE In-process
and other non-indexed
citations and MEDLINE
1950-present (OvidSP)

1 exp DEMENTIA/

2 major cognitive disorder.ti,ab.

3 alzheimer*.ti,ab.

April 2020: 1123

June 2021: 146
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(Date of most recent
search: 2 June 2021)

4 dement*.ti,ab.

5 ((lewy adj2 bod*) or LBD or DLB).ti,ab.

6 (FTLD or frontotemp*).ti,ab.

7 or/1-6

8 exp Neuropsychological Tests/

9 exp Cognition Disorders/di [Diagnosis]

10 ((cognit* or memor* or neuropsychological*) adj3 (assess* or test* or task*
or performance* or decline* or function*)).ti,ab.

11 MoCA.ti,ab.

12 MMSE.ti,ab.

13 "Mini-mental State Examination".ti,ab.

14 "Brief Screen for Cognition Impairment".ti,ab.

15 "Memory and Ageing Telephone Screen".ti,ab.

16 "Telephone Cognitive Assessment Battery".ti,ab.

17 "Short Portable Mental Status Questionnaire".ti,ab.

18 "Telephone Modified Mini- Mental state exam".ti,ab.

19 "Telephone administered Minnesota Cognitive Acuity Screen".ti,ab.

20 "Blessed Telephone Information Memory Concentration Test".ti,ab.

21 "Structured telephone interview for dementia assessment".ti,ab.

22 TICS.ti,ab.

23 TICSm.ti,ab.

24 TICS-M.ti,ab.

25 sMMSE.ti,ab.

26 "Telephone Interview for Cognitive Status".ti,ab.

27 or/8-26

28 7 and 27

29 exp Internet/

30 Smartphone/

31 exp Telecommunications/

32 camera*.ti,ab.

33 phone*.ti,ab.

34 Smartphone.ti,ab.

35 teleconferenc*.ti,ab.

36 telephone*.ti,ab.

37 telepsychiatry.ti,ab.

  (Continued)
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38 telemedicine*.ti,ab.

39 video*.ti,ab.

40 webcam*.ti,ab.

41 (remote* adj (test* or diagnos* or consult* or deliver*)).ti,ab.

42 "mobile tablet".ti,ab.

43 or/29-42

44 28 and 43

3. Embase

1974 to present
(OvidSP)

(Date of most recent
search: 2 June 2021)

1 Dementia/

2 Delirium/

3 Wernicke Encephalopathy/

4 Delirium, Dementia, Amnestic, Cognitive Disorders/

5 ("benign senescent forgetfulness" or ("normal pressure hydrocephalus"
and "shunt*") or ("organic brain disease" or "organic brain syndrome") or
((cerebral* or cerebrovascular or cerebro-vascular) adj2 insufficien*) or (cere-
br* adj2 deteriorat*) or (chronic adj2 (cerebrovascular or cerebro-vascu-
lar)) or (creutzfeldt or jcd or cjd) or (lewy* adj2 bod*) or (pick* adj2 disease)
or alzheimer* or binswanger* or deliri* or dement* or huntington* or kor-
sako*).tw.

6 "major neurocognitive disorder".ti,ab.

7 or/1-6

8 exp neuropsychological test/

9 ((cognit* or memor* or neuropsychological*) adj3 (assess* or test* or task* or
performance* or decline* or function*)).ti,ab.

10 MoCA.ti,ab.

11 MMSE.ti,ab.

12 "Mini-mental State Examination".ti,ab.

13 "Brief Screen for Cognition Impairment".ti,ab.

14 "Memory and Ageing Telephone Screen".ti,ab.

15 "Telephone Cognitive Assessment Battery".ti,ab.

16 "Short Portable Mental Status Questionnaire".ti,ab.

17 "Telephone Modified Mini- Mental state exam".ti,ab.

18 "Telephone administered Minnesota Cognitive Acuity Screen".ti,ab.

19 "Blessed Telephone Information Memory Concentration Test".ti,ab.

20 "Structured telephone interview for dementia assessment".ti,ab.

21 TICS.ti,ab.

22 TICSm.ti,ab.

23 TICS-M.ti,ab.

April 2020: 2957

June 2021: 587
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24 sMMSE.ti,ab.

25 "Telephone Interview for Cognitive Status".ti,ab.

26 or/8-25

27 7 and 26

28 exp Internet/

29 exp smartphone/

30 exp telecommunication/

31 camera*.ti,ab.

32 phone*.ti,ab.

33 Smartphone.ti,ab.

34 teleconferenc*.ti,ab.

35 telephone*.ti,ab.

36 telepsychiatry.ti,ab.

37 telemedicine*.ti,ab.

38 video*.ti,ab.

39 webcam*.ti,ab.

40 (remote* adj (test* or diagnos* or consult* or deliver*)).ti,ab.

41 "mobile tablet".ti,ab.

42 or/28-41

43 27 and 42

4. PSYCINFO (OvidSP)

1927 to present

(Date of most recent
search: 2 June 2021)

1 exp Dementia/

2 exp Delirium/

3 exp Huntingtons Disease/

4 exp Kluver Bucy Syndrome/

5 exp Wernickes Syndrome/

6 exp Cognitive Impairment/

7 dement*.mp.

8 alzheimer*.mp.

9 (lewy* adj2 bod*).mp.

10 deliri*.mp.

11 (chronic adj2 cerebrovascular).mp.

12 ("organic brain disease" or "organic brain syndrome").mp.

13 "supranuclear palsy".mp.

14 ("normal pressure hydrocephalus" and "shunt*").mp.

April 2020: 817

June 2021: 104
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15 "benign senescent forgetfulness".mp.

16 (cerebr* adj2 deteriorat*).mp.

17 (cerebral* adj2 insufficient*).mp.

18 (pick* adj2 disease).mp.

19 (creutzfeldt or jcd or cjd).mp.

20 huntington*.mp.

21 binswanger*.mp.

22 korsako*.mp.

23 ("parkinson* disease dementia" or PDD or "parkinson* dementia").mp.

24 "major neurocognitive disorder".ti,ab.

25 or/1-24

26 exp Neuropsychological Assessment/

27 ((cognit* or memor* or neuropsychological*) adj3 (assess* or test* or task*
or performance* or decline* or function*)).ti,ab.

28 MoCA.ti,ab.

29 MMSE.ti,ab.

30 "Mini-mental State Examination".ti,ab.

31 "Brief Screen for Cognition Impairment".ti,ab.

32 "Memory and Ageing Telephone Screen".ti,ab.

33 "Telephone Cognitive Assessment Battery".ti,ab.

34 "Short Portable Mental Status Questionnaire".ti,ab.

35 "Telephone Modified Mini- Mental state exam".ti,ab.

36 "Telephone administered Minnesota Cognitive Acuity Screen".ti,ab.

37 "Blessed Telephone Information Memory Concentration Test".ti,ab.

38 "Structured telephone interview for dementia assessment".ti,ab.

39 TICS.ti,ab.

40 TICSm.ti,ab.

41 TICS-M.ti,ab.

42 sMMSE.ti,ab.

43 "Telephone Interview for Cognitive Status".ti,ab.

44 or/26-43

45 25 and 44

46 exp Internet/

47 exp Smartphones/

48 exp Telecommunications Media/
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49 exp Telemedicine/

50 camera*.ti,ab.

51 phone*.ti,ab.

52 Smartphone.ti,ab.

53 teleconferenc*.ti,ab.

54 telephone*.ti,ab.

55 telepsychiatry.ti,ab.

56 telemedicine*.ti,ab.

57 video*.ti,ab.

58 webcam*.ti,ab.

59 (remote* adj (test* or diagnos* or consult* or deliver*)).ti,ab.

60 "mobile tablet".ti,ab.

61 or/46-60

62 45 and 61

5. CINAHL (EBSCOhost)

1984 to present

(Date of most recent
search: 2 June 2021)

S58 S42 AND S57

S57 S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52
OR S53 OR S54 OR S55 OR S56

S56 TX mobile tablet

S55 TX (remote* n (test* or diagnos* or consult* or deliver*))

S54 TX webcam*

S53 TX video*

S52 TX telemedicine*

S51 TX telepsychiatry

S50 TX telephone*

S49 TX teleconferenc*

S48 TX Smartphone

S47 TX phone*

S46 TX camera*

S45 (MH "Telecommunications+")

S44 (MH "Smartphone")

S43 (MH "Internet+")

S42 S21 AND S41

S41 S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31
OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40

S40 TX "Telephone Interview for Cognitive Status"

April 2020: 1234

June 2021: 88
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S39 TX sMMSE

S38 TX TICS-M

S37 TX TICSm

S36 TX TICS

S35 TX "Structured telephone interview for dementia assessment"

S34 TX "Blessed Telephone Information Memory Concentration Test"

S33 TX "Telephone administered Minnesota Cognitive Acuity Screen"

S32 TX "Telephone Modified Mini- Mental state exam"

S31 TX "Short Portable Mental Status Questionnaire"

S30 TX "Telephone Cognitive Assessment Battery"

S29 TX "Memory and Ageing Telephone Screen"

S28 TX "Brief Screen for Cognition Impairment"

S27 TX "Mini-mental State Examination"

S26 TX MMSE

S25 TX MoCA

S24 TX ((cognit* or memor* or neuropsychological*) n3 (assess* or test* or
task* or performance* or decline* or function*))

S23 (MH "Cognition Disorders+/DI")

S22 (MH "Neuropsychological Tests+")

S21 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR
S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20

S20 TX "major neurocognitive disorder"

S19 TX korsako*

S18 TX binswanger*

S17 TX huntington*

S16 TX creutzfeldt or jcd or cjd

S15 TX pick* N2 disease

S14 TX cerebral* N2 insufficient*

S13 TX cerebr* N2 deteriorat*

S12 TX "benign senescent forgetfulness"

S11 TX "normal pressure hydrocephalus" and "shunt*"

S10 TX "organic brain disease" or "organic brain syndrome"

S9 TX chronic N2 cerebrovascular

S8 TX deliri*

S7 TX lewy* N2 bod*
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S6 TX alzheimer*

S5 TX dement*

S4 MH "Wernicke's Encephalopathy

S3 MH "Delirium, Dementia, Amnestic, Cognitive Disorders"

S2 MH "Delirium"

S1 (MH "Dementia+")

6. Web of Science (Clari-
vate) – 1900 to present.

Science Citation Index
Expanded (SCIE); So-
cial Sciences Citation
Index (SSCI); Arts & Hu-
manities Citation In-
dex (AHCI); Emerging
Sources Citation Index
(ESCI); Conference Pro-
ceedings Citation Index
(CPCI); Book Citation
Index (BKCI); Current
Chemical Reactions and
Index Chemicus

(Date of most recent
search: 2 June 2021)

TOPIC: (dement* OR alzheimer* OR "vascular cognitive impairment" OR "lew*
bod*" OR CADASIL OR "cognit* impair*" OR FTD OF FTLD OR "cerebrovascu-
lar insufficienc*" OR AD OR VCI) AND TOPIC: (Neuropsychological Test* OR Mo-
CA OR MMSE OR COGNITIVE TEST* OR MEMORY TEST* OR NEUROPSYCHOLOGI-
CAL TEST*) AND TOPIC: (Internet OR Smartphone OR Telecommunications OR
CAMERA* OR PHONE* OR TELEPHONE* OR telemedicine OR VIDEO* OR WEB-
CAM*)

April 2020: 1502

June 2021: 266

7. LILACS (BIREME)

1978 to present

accessed lilacs.b-
vsalud.org/en/

(Date of most recent
search: 2 June 2021)

alzheimer OR alzheimers OR alzheimer’s OR dementia OR demenc$ [Words]
and Internet OR Smartphone OR Telecommunications OR camera OR
phone OR telephone OR video OR webcam [Words] and MoCA OR MMSE OR
COGNITIVE TEST* OR MEMORY TEST* OR NEUROPSYCHOLOGICAL TEST* OR Di-
agnos* [Words]

April 2020: 0

June 2021: 0

8. ClinicalTrials.gov

2000 to present

(www.clinicaltrials.gov)

(Date of most recent
search: 2 June 2021)

Internet OR Smartphone OR Telecommunications OR camera OR phone OR
telephone OR video OR webcam | dementia OR alzheimers OR cognition OR
cognitive | MoCA OR MMSE OR COGNITIVE TEST* OR MEMORY TEST* OR NEU-
ROPSYCHOLOGICAL TEST* OR Diagnos*

April 2020: 103

June 2021: 5

9. ALOIS CDCIG spe-
cialised register (CRS
web)

2008 to present

Accessed crswe-
b.cochrane.org/lo-
gin.html

(Date of most recent
search: 2 June 2021)

#1 Internet OR Smartphone OR Telecommunications OR CAMERA* OR PHONE*
OR TELEPHONE* OR telemedicine OR VIDEO* OR WEBCAM AND INREGISTER

#2 Neuropsychological Test* OR MoCA OR MMSE OR COGNITIVE TEST* OR
MEMORY TEST* AND INREGISTER

#3 #1 AND #2

April 2020: 258

June 2021: 55
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TOTAL before deduplication April 2020:8456

June 2021: 1390

Total: 9846

TOTAL after de-duplication April 2020: 5600

June 2021: 990

Total: 6590

  (Continued)

 

Appendix 2. QUADAS-2 anchoring statements

We provide some core anchoring statements for quality assessment of diagnostic test accuracy reviews of neuropsychological tests in
dementia. These statements are designed for use with the QUADAS-2 tool and were derived during a two-day, multidisciplinary focus group
in 2010. If a QUADAS-2 signalling question for a specific domain is answered 'yes', the risk of bias can be judged as 'low'. If a question is
answered 'no', this indicates a risk of potential bias. The focus group was tasked with judging the extent of the bias for each domain. During
this process, it became clear that certain issues were key to assessing quality, while others were important to record but were less important
for assessing overall quality. To assist, we describe a 'weighting' system. When an item is weighted 'high risk', that section of the QUADAS-2
results table is judged to have a high potential for bias if a signalling question is answered 'no'. For example, in dementia diagnostic test
accuracy studies, ensuring that clinicians performing dementia assessment are blinded to results of the index test is fundamental. If this
blinding was not present, the item on the reference standard should be scored 'high risk of bias', regardless of the other contributory
elements. When an item is weighted 'low risk', it is judged to have a low potential for bias if a signalling question for that section of the
QUADAS-2 results table is answered 'no'. Overall bias will be judged on whether other signalling questions (with a high risk of bias) for the
same domain are also answered 'no'. In assessing individual items, a score of 'unclear' should be given only if there is genuine uncertainty.
In these situations, the review authors will contact the relevant study teams for additional information.

Anchoring statements to assist with risk of bias assessment

Domain 1: patient selection

Risk of bias: could the selection of participants have introduced bias? (high/low/unclear)

Was a consecutive or random sample of participants enrolled? When sampling is used, the methods least likely to cause bias are
consecutive sampling and random sampling, which should be stated or described, or both. Non-random sampling or sampling based on
volunteers is more likely to be at high risk of bias. Weighting: high risk of bias.

Was a case-control design avoided? Case-control study designs have a high risk of bias, but are sometimes the only studies available,
especially if the index test is expensive or invasive, or both. Nested case-control designs (systematically selected from a defined population
cohort) are less prone to bias, but they will still narrow the spectrum of patients who receive the index test. Study designs (both cohort and
case-control) that may also increase bias are those designs in which the study team deliberately increases or decreases the proportion of
participants with the target condition, for example, a population study may be enriched with extra dementia participants from a secondary
care setting. Weighting: high risk of bias

Did the study avoid inappropriate exclusions? The study was be automatically graded as unclear if exclusions were not detailed (pending
contact with study authors). When exclusions were detailed, we graded the study as 'low risk' if we considered that the exclusions were
appropriate. Certain exclusions common to many studies of dementia are medical instability, terminal disease, alcohol/substance misuse,
concomitant psychiatric diagnosis and other neurodegenerative condition. However, if 'diDicult to diagnose' groups are excluded, this may
introduce bias, so exclusion criteria must be justified. For a community sample, we would expect relatively few exclusions. We labelled
post hoc exclusions as 'high risk' of bias. Weighting: high risk of bias.

Applicability: are there concerns that the included participants do not match the review question? (high/low/unclear)

The included participants should match the intended population as described in the review question. If not already specified in the
review inclusion criteria, the setting will be particularly important – the review authors should consider population in terms of symptoms,
pretesting and potential disease prevalence. We classified studies that used very selected participants or subgroups as low applicability,
unless they were intended to represent a defined target population, for example, people with memory problems referred to a specialist
and investigated by lumbar puncture.
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Domain 2: index test

Risk of bias: could the conduct or interpretation of the index test have introduced bias? (high/low/unclear)

Were the index test results interpreted without knowledge of the reference standard? Terms such as 'blinded' or 'independently and
without knowledge of' are suDicient; full details of the blinding procedure are not required. This item was scored as 'low risk' if it
was explicitly described, or if there was a clear temporal pattern to the order of testing that precluded the need for formal blinding
(e.g. all (neuropsychological test) assessments were performed before the dementia assessment). As most neuropsychological tests are
administered by a third party, knowledge of dementia diagnosis may influence their ratings; tests that are self-administered, for example
by using a computerised version, may have less risk of bias. Weighting: high risk.

Were the index test thresholds prespecified? For neuropsychological scales, there is usually a threshold above which participants are
classified as 'test positive'; this may be referred to as threshold, clinical cut-oD or dichotomisation point. DiDerent thresholds are used in
diDerent populations. A study is classified as at higher risk of bias if the authors defined the optimal cut-oD post hoc based on their own
study data. Certain papers may use an alternative methodology for analysis that does not use thresholds; these papers should be classified
as not applicable. Weighting: low risk.

Were suDicient data on (neuropsychological test) application given for the test to be repeated in an independent study? Particular points
of interest included method of administration (e.g. self-completed questionnaire versus direct-questioning interview), nature of informant
and language of assessment. If a novel form of the index test was used, for example a translated questionnaire, details of the scale should
have been included and a reference given to an appropriate descriptive text, and evidence of validation should have been provided.
Weighting: low risk.

Applicability: are there concerns that the index test, its conduct or its interpretation may have diKered from the review question? (high/low/
unclear)

Variations in the length, structure, language, or administration (or a combination of these) of the index test may all aDect applicability if
they diDered from those specified in the review question.

Domain 3: reference standard

Risk of bias: could the reference standard, its conduct or its interpretation have introduced bias? (high/low/unclear)

Is the reference standard likely to correctly classify the target condition? Commonly used international criteria that can assist with
clinical diagnosis of dementia include those detailed in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and the
International Classification of Diseases (ICD-10). Criteria specific to dementia subtypes include, but are not limited to, the National Institute
of Neurological and Communicative Diseases and Stroke/Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria
for Alzheimer's dementia; McKeith criteria for Lewy body dementia; Lund criteria for frontotemporal dementia; and National Institute of
Neurological Disorders and Stroke and Association Internationale pour la Recherche et l'Enseignement en Neurosciences (NINDS-AIREN)
criteria for vascular dementia. When the criteria used for assessment were unfamiliar to the review authors and the Cochrane Dementia
and Cognitive Improvement Group, this item was classified as 'high risk of bias'. Weighting: high risk.

Were the reference standard results interpreted without knowledge of the results of the index test? Terms such as 'blinded' or 'independent'
were suDicient; full details of the blinding procedure were not required. This may have been scored as 'low risk' if explicitly described, or
if a clear temporal pattern to the order of testing was evident (e.g. all dementia assessments performed before (neuropsychological test)
testing). Informant rating scales and direct cognitive tests present certain problems. It is accepted that informant interview and cognitive
testing are usual components of clinical assessment for dementia; however, specific use of the scale under review in the clinical dementia
assessment should be scored as high risk of bias. Weighting: high risk.

Was suDicient information on the method of dementia assessment given for the assessment to be repeated in an independent study?
Particular points of interest for dementia assessment include the training/expertise of the assessor; whether additional information
(e.g. neuroimaging; other neuropsychological test results) was available to inform the diagnosis and whether this was available for all
participants. Weighting: variable risk, but high risk if method of dementia assessment not described.

Applicability: are there concerns that the target condition as defined by the reference standard did not match the review question? (high/low/
unclear)

There exists the possibility that some methods of dementia assessment, although valid, may diagnose a smaller or larger proportion of
participants with disease than in usual clinical practice. In these instances, the item should be rated 'poor applicability'.

Domain 4: patient flow and timing (note: refer to, or construct, a flow diagram)

Risk of bias: could the patient flow have introduced bias? (high/low/unclear)

Was there an appropriate interval between the index test and the reference standard? For a cross-sectional study design, the potential
exists for the participant to change between assessments; however, dementia is a slowly progressive disease that is not reversible. The
ideal scenario would be a same-day assessment, but longer periods of time (e.g. several weeks or months) are unlikely to lead to a high risk
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of bias. For delayed-verification studies, the index and reference tests are necessarily separated in time, given the nature of the condition.
Weighting: low risk.

Did all participants receive the same reference standard? In some scenarios, participants who score 'test positive' on the index test have a
more detailed assessment for the target condition. When dementia assessment (or the reference standard) diDers between participants,
this should be classified as high risk of bias. Weighting: high risk.

Were all participants included in the final analysis? Attrition will vary with study design. Delayed-verification studies will have higher
attrition than cross-sectional studies because of mortality, and this is likely to be greater in participants with the target condition. Dropouts
(and missing data) should be accounted for. Attrition that is higher than expected (compared with other similar studies) should be treated
as high risk of bias. We defined a cut-oD of greater than 20% attrition as being high risk, but this will be highly dependent on the length
of follow-up in individual studies. Weighting: high risk.
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