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Cognitive Tests to Detect Dementia
A Systematic Review and Meta-analysis
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IMPORTANCE Dementia is a global public health problem. The Mini-Mental State Examination
(MMSE) is a proprietary instrument for detecting dementia, but many other tests are also
available.

OBJECTIVE To evaluate the diagnostic performance of all cognitive tests for the detection of
dementia.

DATA SOURCES Literature searches were performed on the list of dementia screening tests in
MEDLINE, EMBASE, and PsychoINFO from the earliest available dates stated in the individual
databases until September 1, 2014. Because Google Scholar searches literature with a
combined ranking algorithm on citation counts and keywords in each article, our literature
search was extended to Google Scholar with individual test names and dementia screening as
a supplementary search.

STUDY SELECTION Studies were eligible if participants were interviewed face to face with
respective screening tests, and findings were compared with criterion standard diagnostic
criteria for dementia. Bivariate random-effects models were used, and the area under the
summary receiver-operating characteristic curve was used to present the overall
performance.

MAIN OUTCOMES AND MEASURES Sensitivity, specificity, and positive and negative likelihood
ratios were the main outcomes.

RESULTS Eleven screening tests were identified among 149 studies with more than 49 000
participants. Most studies used the MMSE (n = 102) and included 10 263 patients with
dementia. The combined sensitivity and specificity for detection of dementia were 0.81(95%
Cl, 0.78-0.84) and 0.89 (95% Cl, 0.87-0.91), respectively. Among the other 10 tests, the
Mini-Cog test and Addenbrooke's Cognitive Examination-Revised (ACE-R) had the best
diagnostic performances, which were comparable to that of the MMSE (Mini-Cog, 0.91
sensitivity and 0.86 specificity; ACE-R, 0.92 sensitivity and 0.89 specificity). Subgroup
analysis revealed that only the Montreal Cognitive Assessment had comparable performance
to the MMSE on detection of mild cognitive impairment with 0.89 sensitivity and 0.75
specificity.

CONCLUSIONS AND RELEVANCE Besides the MMSE, there are many other tests with
comparable diagnostic performance for detecting dementia. The Mini-Cog test and the ACE-R
are the best alternative screening tests for dementia, and the Montreal Cognitive Assessment
is the best alternative for mild cognitive impairment.

JAMA Intern Med. 2015;175(9):1450-1458. doi:10.1001/jamainternmed.2015.2152
Published online June 8, 2015.

1450

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/07/2022

E Invited Commentary
page 1459

Supplemental content at
jamainternalmedicine.com

Author Affiliations: School of Public
Health and Primary Care, The Chinese
University of Hong Kong, Shatin (Tsoi,
Chan, Hirai, Wong); Stanley Ho Big
Data Decision Analytics Research
Centre, The Chinese University of
Hong Kong, Shatin (Tsoi, Hirai);
Department of Medicine and
Therapeutics, The Chinese University
of Hong Kong, Shatin (Kwok).

Corresponding Author: Timothy C.
Y. Kwok, MD, PhD, Department of
Medicine and Therapeutics, The
Chinese University of Hong Kong,
9/F, Clinical Sciences Building, Prince
of Wales Hospital, Ngan Shing Street,
Shatin, Hong Kong
(tkwok@cuhk.edu.hk).

jamainternalmedicine.com


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2015.2152&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.2152
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2015.2159&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.2152
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2015.2152&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.2152
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.2152
mailto:tkwok@cuhk.edu.hk
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2015.2152
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arly diagnosis of dementia can identify people at risk

for complications.! Previous studies?3 have found that

health care professionals commonly miss the diagno-
sis of cognitive impairment or dementia; the prevalence of
missed diagnosis ranges from 25% to 90%. Primary care phy-
sicians may not recognize cognitive impairment>until the mod-
erate to severe stage.*® Screening tests are quick and useful
tools to assess the cognitive condition of patients."

The Mini-Mental State Examination (MMSE)” is the most
widely applied test for dementia screening. Since the intellec-
tual property rights of the MMSE were transferred to Psycho-
logical Assessment Resources in 2001, it has become less ac-
cessible and useful.”® However, there are more than 40 other
tests available for dementia screening in health care settings,
many of which are freely available, such as Addenbrooke’s Cog-
nitive Examination-Revised (ACE-R),° the Mini-Cog test,'° the
General Practitioner Assessment of Cognition (GPCOG)," and
the Informant Questionnaire on Cognitive Decline in the El-
derly IQCODE).**>'3 The diagnostic performances of these tests
have not been systematically evaluated and synthesized for
relative comparison, which is particularly salient because the
MMSE, as a proprietary instrument, incurs a cost, whereas oth-
ers do not. Thus, it is worth identifying the best alternative
among the longlist of screening tests. Therefore, this system-
atic review aimed to quantitatively analyze the diagnostic ac-
curacy of various dementia screening tests and compare their
performance to that of the MMSE.

Methods

This systematic review followed standard guidelines for con-
ducting and reporting systematic reviews of diagnostic stud-
ies, including Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA)'# and guidelines from the
Cochrane Diagnostic Test Accuracy Working Group.>®

Search Strategy

A list of screening tests was identified in previous systematic
reviews.3':17:18 Ljterature searches were performed on the
list of dementia screening tests in MEDLINE, EMBASE, and
PsychoINFO from the earliest available dates stated in the
individual databases until September 1, 2014. Each screening
test was separately searched with general keywords of
dementia, including Alzheimer, Parkinson, vascular, stroke,
cognitive impairment, and dementia. Diagnostic studies com-
paring accuracy of screening tests for detection of dementia
were manually identified from the title or abstract preview of
all search records. The selection was limited to peer-
reviewed articles published in English abstracts. Because
Google Scholar searches literature with a combined ranking
algorithm on citation counts and keywords in each article,
our literature search was extended to Google Scholar with
individual test names and dementia screening as a supple-
mentary search. The first 10 pages of all search records were
scanned. Manual searches were extended to the bibliogra-
phies of review articles and included research studies.
Screening tests were classified into different categories
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according to the administration time: 5 minutes or less, 10
minutes or less, and 20 minutes or less.

Inclusion and Exclusion Criteria

Cross-sectional studies were included if they met the follow-
ing inclusion criteria: (1) involved participants studied for the
detection of dementia associated with Alzheimer disease, vas-
cular dementia, or Parkinson disease in any clinical or com-
munity setting; (2) screened patients or caregivers with a face-
to-face interview; (3) used standard diagnostic criteria as the
criterion standard for defining dementia, including the inter-
national diagnostic guidelines (eg, Diagnostic and Statistical
Manual of Mental Disorders, International Classification of Dis-
eases, National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer Disease and Related
Disorders Association, National Institute of Neurological and
Communicative Disorders and Stroke and the Association In-
ternationale pour la Recherche et I’Enseignement en Neuro-
science criteria, or clinical judgment after a full assessment se-
ries); (4) reported the number of participants with dementia
and evaluated the accuracy of the screening tests, including
sensitivity, specificity, or data that could be used to derive those
values. Studies were excluded if they were not written in Eng-
lish or only included a screening test that (1) requires admin-
istration time longer than 20 minutes, (2) was identified in
fewer than 4 studies in the literature search, or (3) was admin-
istered to participants with visual impairment.

Data Extraction

Two investigators (J.Y.C.C., HW.H.) independently assessed the
relevancy of search results and abstracted the data into a data
extraction form. This form was used to record the demograph-
ic details of individual articles, including year of publication,
study location, number of participants included, mean age of
participants, percentage of male participants, type of demen-
tia, recruitment site, number of participants with dementia or
mild cognitive impairment (MCI), diagnostic criteria, cutoff val-
ues, sensitivity, specificity, and true-positive, false-positive, true-
negative, and false-negative likelihood ratios. When a study re-
ported results of sensitivity and specificity across different
cutoff values of a screening test, only the results from a recom-
mended cutoff by the authors of the article were selected. If the
study did not have this recommendation, the cutoffused to sum-
marize sensitivity and specificity in the abstract was chosen.
When discrepancies were found regarding inclusion of studies
or data extraction, the third investigator (K.K.F.T.) would make
the definitive decision for study eligibility and data extraction.

Risk of Bias and Study Quality

Potential risks of bias in each screening test were evaluated by
the Quality Assessment of Diagnostic Accuracy Studies 2
instrument,'® which evaluated patient selection, execution of
the index test and the reference standard, and flow of pa-
tients. All high risk of bias was counted in an Excel worksheet
(Microsoft Inc) and presented as a percentage in each screen-
ing test. The quality of study was also assessed according to
the methods section of the Standards for Reporting of Diag-
nostic Accuracy statement.?® An 8-point scale was designed
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Figure 1. Summary of the Literature Search

215 Abstracts were
further identified
from bibliography

26165 Abstracts were

identified for 40 tests
from the databases

26380 Abstracts were
selected

i*% 26034 Abstracts were irrelevant

346 Full-text articles
were included

151 Exclusions
121 Studies did not fulfill
inclusion criteria (eg, used
shortened form of a test)
30 Systematic reviews or
meta-analyses excluded

195 Articles met basic
inclusion criteria

46 Exclusions
7 Studies did not report
criterion standard for
diagnosis of dementia
39 Studies lacked data for
analysis

149 Studies were eligible
in this meta-analysis

| |

Tests <5 min Tests <10 min Tests <20 min

CDT (Shulman): 9 studies AMT: 13 studies ACE-R: 12 studies

CDT (Sunderland): GPCOG: 5 studies IQCODE (short): 7 studies
9 studies MMSE: 102 studies IQCODE (long): 15 studies
Mini-Cog test: 9 studies MoCA: 20 studies 3MS: 6 studies

MIS: 6 studies

Verbal fluency test:

7 studies

3MS indicates modified Mini-Mental State Examination (MMSE); ACE-R,
Addenbrooke’s Cognitive Examination-Revised; AMT, Abbreviated Mental Test;
CDT, Clock Drawing Test; GPCOG, General Practitioner Assessment of
Cognition; IQCODE, Informant Questionnaire on Cognitive Decline in Elderly;
MIS, Memory Impairment Screen; and MoCA, Montreal Cognitive Assessment.

for the evaluation of study quality, including description of
the following: (1) study population, (2) participant recruit-
ment, (3) sampling of participant selection, (4) data collec-
tion plan, (5) reference standard and its rationale, (6) techni-
cal specifications, (7) rationale for units and cutoffs, and (8)
methods for calculating diagnostic accuracy with CIs. This
quality score was presented as median and range across the
screening tests.

Data Synthesis and Statistical Analysis

Statistical analyses were performed with the Metandi and Mi-
das procedures in STATA statistical software, version 11 (Stata-
Corp). The overall sensitivity and specificity of each diagnos-
tic test were pooled using a bivariate random-effects model.*
Forest plots were used to graphically present the combined sen-
sitivity and specificity. The accuracy of a screening test had to
allow trade-off between sensitivity and specificity that oc-
curs when different threshold values were used to define posi-
tive and negative likelihood ratios of the tests. Therefore, a di-
agnostic odds ratio was used as a single indicator of test
performance.?? In addition, a hierarchical summary receiver-
operating characteristic (HSROC) curve was generated to pre-
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sent the summary estimates of sensitivities and specificities
along with 95% CIs and prediction region.?* The area under the
curve (AUC) for the HSROC was also calculated, and an area
between 0.9 and 1.0 indicated that the diagnostic accuracy was
good.?* When the Hessian matrix of bivariate approach was un-
stable or asymmetric, a random-effects model following the
approach of DerSimonian and Laird was applied to estimate
the pooled sensitivity and specificity, and a summary receiver-
operating characteristic (SROC) curve was generated to pre-
sent the summary estimates of sensitivities and specificities
with an AUC for SROC presented as a summary statistic.?>:2¢
Statistical heterogeneity among the trials was assessed by I?,
which describes the percentage of total variation across stud-
ies due to the heterogeneity rather than the chance alone. P <
.10 was considered as statistically significant heterogeneity. Be-
cause we used random-effects models to combine the re-
sults, the heterogeneity among the studies was taken into
account.

Subgroup analysis was conducted across the studies by
geographic regions, recruitment settings, and patients with
MCI. Geographicregions were classified as Americas, Asia, and
Europe. Recruitment could be performed in the community,
memory clinics, cognitive function clinics, or hospitals. The
definitions of participants with MCI were according to the cut-
off values suggested in the individual studies.

. |
Results

Literature Search and Study Selection

A total of 26 165 abstracts were identified from the databases,
and 215 potential studies were further extracted from the bib-
liographies. All titles or abstracts were screened, and 346 ar-
ticles were relevant to screening tools for dementia. One hun-
dred ninety-seven were excluded for the following reasons:
studies were systematic reviews (n = 30), studies did not ful-
fill inclusion criteria (n = 121), studies lacked data details for
meta-analysis (n = 39), and studies reported results of screen-
ing tests without comparing to a criterion standard (n = 7)
(Figure 1). The definitive analysis in this systematic review in-
cluded 149 studies published from 1989 until September 1,
2014, for patients with dementia from the United States, the
United Kingdom, Canada, and 30 other countries.

A total of 11 screening tests'%-'>13-2733 were identified in
the 149 eligible studies, including 102 studies (eTable 1 in the
Supplement) for the MMSE,” 12 studies for the ACE-R,° 13 stud-
ies for the Abbreviated Mental Test,?? 9 studies for Sunder-
land’s version of the Clock Drawing Test,?® 9 studies for Shul-
man’s version of the Clock Drawing Test,* 5 studies for the
GPCOG,™ 15 studies for the long-form IQCODE,' 7 studies for
the short-form IQCODE," 9 studies for the Mini-Cog test,® 6
studies for the Memory Impairment Screen,3° 20 studies for
the Montreal Cognitive Assessment (MoCA),>' 6 studies for the
modified MMSE,3? and 7 studies for the verbal fluency tests.3?
Some other screening tests were excluded because of the lim-
ited number of studies reported, for example, the Free and
Cued Selective Reminding Test, the Mental Scale Question-
naire, the Cognitive Assessment Screening Instrument, the Self-
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Table 1. Characteristics of the 11 Screening Tests for Dementia

Screening Test (Administration Time) Total Score?

No. of Questions®

Components of Screening Tests

MMSE (6-10 min)” 0-30 20<d
Very brief (<5 min)
CDT
Shulman et al?° 0-5/1-6 1
Sunderland et al?® 1-10 1
Mini-Cog test'® 0-5 2
MIS3° 0-8 1e
VF test33 NAf 1
Brief (<10 min)
AMT?? 0-10 10
GPCOGY-1t 0-15 15
MoCA3® 0-30 18¢
Detailed (<20 min)
ACE-R® 0-100 39¢
IQCODE"
Short form*3 16-80 16
Long form?*2 26-130 26
3MS32 0-100 34¢d

Orientation, memory, language, attention, and visuospatial

Visuospatial and executive function

Memory, visuospatial, and executive function
Memory

Memory and language

Orientation, memory, and attention

Orientation, memory, language, visuospatial, executive function, and
other daily living functions

Orientation, memory, language, attention, and executive function

Orientation, memory, language, attention, visuospatial, and executive
function

Orientation, memory, language, and other daily living functions

Orientation, memory, language, attention, and visuospatial

Abbreviations: ACE-R, Addenbrooke’s Cognitive Examination Revised;

AMT, Abbreviated Mental Test; CDT, Clock Drawing Test; GPCOG, General
Practitioner Assessment of Cognition; IQCODE, Informant Questionnaire on
Cognitive Decline in Elderly; MIS, Memory Impairment Screen; MMSE,
Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; 3MS,
modified Mini-Mental State Examination; NA, not applicable; VF, verbal fluency.

2 High score stands for good cognitive function, except for the IQCODE test.
> Number of questions only include questions that counting marks.

¢ For the orientation part, year, month, date, day, and season are counted as 5
questions.

9 For the naming test, the test has to ask the name of each item, so each item
counts as one question.

€ Only count the free recall and not the cued recall (cued recall conduct only if
unable to perform free recall).

f No maximum score for the VF test.
8Six of 15 marks were asked for informants.

" The test is only for feedback from informants, and a high score indicates
severe cognitive deficits.

administered Gerocognitive Examination, and the Short
Blessed Test. The components of each screening test, the ad-
ministration time required, and the range of total score are pre-
sented in Table 1. High scores represented good cognitive func-
tion in most screening tests, except the IQCODE.

Study Characteristics

A total of 149 studies with more than 40 000 patients across
the 11 screening tests were included (Table 2). One hundred
ten eligible studies (73.8%) reported the diagnostic perfor-
mances of at least 2 screening tests, including those com-
pared with the MMSE. Approximately 12 000 participants were
confirmed as having dementia (Table 2). Most studies (68.5%)
used the MMSE as the screening test for dementia in 29 re-
gions. The next most common screening test studied was the
MoCA, which was used in 20 studies (13.4%) from 9 coun-
tries. Patients were mainly recruited from community or clinic
settings (80.3%). One hundred ten (73.8%) of 149 studies had
good study quality with quality scores of 7 to 8. The quality
scores were comparable across the 11 screening tests with me-
dian scores of approximately 7 (range, 3-8). The original data
of each study on the true-positive, false-positive, false-
negative, and true-negative likelihood ratios were presented
(eTable 2 in the Supplement). Furthermore, risks of bias were
not identified among these studies, and only the studies for

jamainternalmedicine.com

the GPCOG, MoCA and modified MMSE revealed approxi-
mately 20% to 30% high risks of bias on execution for the in-
dex test and the reference standard (Table 2).

Diagnostic Accuracy of the MMSE

There were 10 263 cases of dementia identified from 36 080
participants in 108 cohorts studying the MMSE. The most com-
mon cutoff values to define participants with dementia were
23 and 24, used in 48 cohorts (44.4%). With different cutoff
threshold values, we found considerable variation in the sen-
sitivity and specificity estimates reported by individual stud-
ies. The sensitivities ranged from 0.25 to 1.00, and the speci-
ficities ranged from 0.54 to 1.00. The heterogeneity among
studies was large, with I? statistics for sensitivity and speci-
ficity of 92% and 94%, respectively. The diagnostic accuracy
is summarized by meta-analysis (Table 3). The combined data
in the bivariate random-effects model gave a summary point
with 0.81 sensitivity (95% CI, 0.78-0.84) and 0.89 specificity
(95% CI, 0.87-0.91). The HSROC curve was plotted with a di-
agnostic oddsratio of 35.4, and the AUC was 92% (95% CI, 90%-
94%) (eFigure 1in the Supplement).

Diagnostic Accuracy of Other Screening Tests
The performances of the other 10 screening tests were

summarized by random-effects models (Table 3). All tests
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Table 3. Meta-analyses for Diagnostic Accuracy on Dementia

No. of Study Pooled (95% ClI) Pooled LR (95% Cl)
Screening Test Cohorts Sensitivity Specificity Positive Negative
MMSE” 108 0.81 (0.78-0.84) 0.89(0.87-0.91) 7.45(6.25-8.88)  0.21 (0.18-0.25)
Very brief (<5 min)
CDT
Z?g{%an 9 0.83(0.75-0.89)  0.84 (0.69-0.92) 5.02 (2.61-9.64)  0.20 (0.14-0.29)
S;Jng%rland 9 0.76 (0.69-0.83)  0.85(0.76-0.91) 5.09 (3.18-8.13)  0.28 (0.20-0.38)
eta
Mini-Cog test'© 9 0.91 (0.80-0.96) 0.86 (0.74-0.93) 6.56 (3.25-13.24) 0.10 (0.04-0.25)
IS 6 0.797 (0.68-0.86) 0.91 (0.84-0.96) 9.18 (4.81-17.55) 0.23 (0.15-0.36)
VF test®3 7 0.80 (0.73-0.86) 0.82(0.73-0.88) 4.38(2.82-6.79)  0.24 (0.17-0.35)
Brief (<10 min)
AMT?? 14 0.88 (0.82-0.92) 0.85(0.81-0.89) 5.94 (4.46-7.91)  0.15 (0.10-0.22)
GPCOG!! 5 0.92 (0.81-0.97) 0.87 (0.83-0.90) 6.79 (5.33-8.64)  0.10 (0.04-0.22)
MoCA3! 20 0.91 (0.84-0.95) 0.81(0.71-0.88) 4.78 (3.10-7.39)  0.12 (0.07-0.20)
Detailed (<20 min)
ACE-R® 13 0.92 (0.90-0.94)  0.89 (0.84-0.93) 8.60 (5.62-13.16) 0.09 (0.06-0.11)
1QCODE
Short form?3 7 0.89 (0.85-0.92) 0.82(0.63-0.93) 4.91(2.19-11.01) 0.14 (0.11-0.18)
Long form?*? 17 0.84 (0.81-0.87) 0.82(0.75-0.87) 4.73 (3.42-6.55)  0.19 (0.16-0.22)
3MS32 9 0.86 (0.83-0.89) 0.85(0.74-0.92) 5.81(3.20-10.55) 0.17 (0.13-0.21)
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Abbreviations: ACE-R, Addenbrooke's
Cognitive Examination Revised;

AMT, Abbreviated Mental Test;

CDT, Clock Drawing Test;

GPCOG, General Practitioner
Assessment of Cognition;

IQCODE, Informant Questionnaire on
Cognitive Decline in Elderly;

LR, logistic regression; MIS, Memory
Impairment Screen;

MMSE, Mini-Mental State
Examination; MoCA, Montreal
Cognitive Assessment; 3MS, modified
Mini-Mental State Examination;

VF, verbal fluency.

presented with AUCs of at least 85%, and most of the tests had
comparable performance to that of the MMSE. The Mini-Cog
test and the ACE-R were the best alternative tests. Among the
studies with the Mini-Cog test,'®34#! the pooled sensitivity was
0.91 (95% CI, 0.80-0.96), and the pooled specificity was 0.86
(95% CI, 0.74-0.93) (Figure 2A). The heterogeneity among stud-
ies was large, with I? statistics for sensitivity and specificity of
89% and 97%, respectively. Among studies that used the
ACE-R,?*%52 the pooled sensitivity was 0.92 (95% CI, 0.90-
0.94) and the pooled specificity was 0.89 (95% CI, 0.84-0.93)
(Figure 2B). The confidence regions of the HSROC curves for
sensitivity and specificity of the Mini-Cog test and the ACE-R
were plotted with reference to the HSROC curve of the MMSE
(eFigure 2 in the Supplement).

Subgroup Analyses

Studies of the MMSE

Only the MMSE had a sufficient number of studies to perform
subgroup analysis. For the geographic regions, studies were
conducted in Europe (44.4%), Americas (31.5%), and Asia
(23.1%). The diagnostic performances of the MMSE were com-
parable across these regions with similar AUCs (eFigure 2 in
the Supplement). For the recruitment settings, participants
were recruited in hospital (9.3%), clinic (32.4%), primary care
(12.0%), community (38.9%), and other settings (7.4%). The di-
agnostic performances were comparable across different re-
cruitments settings (P > .05 for all) (eTable 3 in the Supple-
ment).

Patients With MCI

Only 21 of 108 cohorts reported diagnostic performance of
the MMSE for the detection of MCI. The combined data gave
a summary point of 0.62 sensitivity (95% CI, 0.52-0.71) and

jamainternalmedicine.com

0.87 specificity (95% CI, 0.80-0.92). Nine of 20 studies
reported diagnostic performance of the MoCA for the detec-
tion of MCI.3%53-%° The combined data gave a summary point
of 0.89 sensitivity (95% CI, 0.84-0.92) and 0.75 specificity
(95% CI, 0.62-0.85) (Figure 2C). The confidence regions of the
HSROC curve for sensitivity and specificity of the MoCA were
plotted with reference to the HSROC curve of the MMSE
(eFigure 3 in the Supplement).

|
Discussion

This systematic review and meta-analysis included 149 stud-
ies that assessed the accuracy of the MMSE and 10 other screen-
ing tests for the detection of dementia. Compared with other
screening tests, the Mini-Cog test and the ACE-R had better di-
agnostic performance for dementia, and the MoCA had better
diagnostic performance for MCI. The Mini-Cog test is rela-
tively simple and short compared with the MMSE.

In a previous meta-analysis, Mitchell®* combined 34 diag-
nostic studies to evaluate the accuracy of the MMSE, but he
only combined the sensitivity and specificity without men-
tioning the methodologic details. Mitchell and Malladi®?®3 also
published 2 meta-analyses that included 45 studies to com-
pare diagnostic performance of single-domain and multido-
main tests. They found that 15 brief single-domain tests were
less accurate than that of the MMSE in detecting dementia in
community and primary care settings. These studies used an
uncommon approach of Bayesian curve modeling,®* instead
of using the ROC curve to evaluate the diagnostic perfor-
mance of the tests. A systematic review? reported a com-
bined diagnostic accuracy of the MMSE and summarized the
sensitivity and specificity ranges of 10 other screening tests,
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Figure 2. Forest Plots for the Pooled Sensitivity and Specificity

@ Studies of Mini-Cog test scores for dementia
Sensitivity (95% Cl)

Specificity (95% Cl)

Borson et al,10 2000 0.99 (0.96-1.00) —a 0.93(0.87-0.97) 1
Borson et al,34 2003 0.76 (0.65-0.85) — 0.89 (0.87-0.91) l
Borson et al,3% 2005 0.77 (0.66-0.86) — 0.83(0.78-0.87) m
Borson et al,36 2006 0.99 (0.95-1.00) —a 0.95(0.92-0.98) d
Carnero-Pardo et al,37 2013 0.78(0.71-0.84) — 0.59 (0.50-0.67) —a—
Fuchs et al,38 2012 1.00 (0.84-1.00) —a 0.85(0.81-0.89) -+
Holsinger et al,39 2012 0.80 (0.56-0.94) —_— 0.73(0.69-0.77) -
Kaufer et al,40 2008 0.87(0.76-0.95) ——— 0.54 (0.43-0.64) ——
Milian et al,#1 2012 0.87 (0.83-0.90) —— 1.00 (0.94-1.00) —a
Combined 0.91 (0.80-0.96) —_ 0.86 (0.74-0.93) B
Qg=71.76,P<.001 Qg=259.11, P<.001
12 =88.85 (82.94-94.76) I2=96.91 (95.80-98.03) ‘ ‘ ‘
016 018 110 0.2 0.6 1.0

Sensitivity (95% Cl)

Studies of ACE-R scores for dementia
Sensitivity (95% Cl)

Specificity (95% Cl)

Specificity (95% Cl)

Alexopoulos et al,42 2010 0.93(0.83-0.98) —— 0.96 (0.92-0.98) -
Bastide et al,43 2012 0.92 (0.86-0.96) —— 0.69(0.61-0.75) —m—
Carvalho et al,44 2010 1.00 (0.89-1.00) —m 0.82(0.70-0.91) — =
dos Santos Kawala et al, 4> 2012 0.94 (0.88-0.97) — - 0.94 (0.87-0.98) m
Fang et al,%6 2014 0.92 (0.74-0.99) —_—— 0.86 (0.78-0.91) —
Konstantinopoulou et al,47 2011 0.91(0.77-0.98) 4.7 0.82 (0.70-0.90) — =
Kwak et al, %8 2010 0.93 (0.85-0.98) — . 0.95 (0.88-0.99) -
Mioshi et al,® 2006 0.94 (0.89-0.97) — 0.89(0.78-0.95) —a—
Pigliautile et al,#9 2011, study 1 0.90 (0.76-0.97) — m— 0.80(0.65-0.91) — =
Pigliautile et al,4® 2011, study 2 0.82(0.71-0.90) —_— 1.00 (0.89-1.00) —a
Terpening et al,>0 2011 0.85(0.76-0.92) — 0.80(0.64-0.91) —a
Torralva et al,51 2011 0.98 (0.92-1.00) o 0.88(0.73-0.96) —
Wong et al,>2 2013 0.93 (0.82-0.98) — = 0.95 (0.84-0.99) -
Combined 0.92 (0.90-0.94) 0.89 (0.84-0.93)

Q;,=25.54,P=.01 Q,=94.31,P<.001

12=53.02 (23.44-82.60) ‘ : ‘ 12 =87.28 (81.52-93.03) ‘ ‘ ‘

0.6 0.8 1.0 0.2 0.6 1.0
Sensitivity (95% Cl) Specificity (95% Cl)

E Studies of MoCA scores for MCI

Sensitivity (95% Cl) Specificity (95% CI)
Dalrymple-Alford et al,>3 2010 0.90 (0.70-0.99) - 0.75(0.66-0.82) .
Dong et al,54 2012 0.83(0.74-0.90) —a— 0.86 (0.79-0.91) ——
Hu et al,5% 2013 0.92 (0.84-0.97) — 0.85(0.78-0.90) ——
Larner,56 2012 0.93(0.77-0.99) —_—a— 0.60 (0.49-0.70) ——
Cummings-Vaughn et al,57 2014 0.81 (0.68-0.90) —_—— 0.75(0.64-0.84) ——
Luis et al,>8 2009 1.00 (0.86-1.00) ——n 0.35(0.24-0.47) —a—
Martinelli et al,>® 2014 0.82 (0.68-0.92) —_—— 0.92(0.79-0.98) ——
Nasreddin et al,3! 2005 0.90 (0.83-0.96) — - 0.87 (0.79-0.94) -
Smith et al,50 2007 0.85 (0.65-0.96) —_— 0.50(0.34-0.66) ——
Combined 0.89 (0.84-0.92) O 0.75 (0.62-0.85) R

Qg=11.66,P=.17 Qg=112.82,P=.001

12 =31.38 (0.00-84.37) ‘ : H ‘ 12=92.91(89.61-96.21) ‘ ‘ ‘

0.6 0.8 1.0 0.2 0.6 1.0
Sensitivity (95% Cl) Specificity (95% CI)

Data are provided for the Mini-Cog test,'® Addenbrooke’s Cognitive Examination-Revised (ACE-R),® and Montreal Cognitive Assessment (MoCA).3' MCl indicates

mild cognitive impairment.

but the literature search was limited to studies from system-
aticreviews conducted in primary care settings. In some other
studies, dementia screening was performed in secondary or
tertiary care settings. Therefore, the review combined only 14
studies with 10 185 participants using the MMSE as the screen-
ing test. The lack of a precise estimate of sensitivity has re-
sulted in confusion among health care professionals to apply
the MMSE for dementia screening. In our meta-analysis, we
tried to make our findings more comprehensive, using publi-

JAMA Internal Medicine September 2015 Volume 175, Number 9

cations from all possible sources, and included 102 studies with
36 080 participants to evaluate the diagnostic performance of
the MMSE. The results reported a sensitivity of 0.81and a speci-
ficity of 0.89 for the MMSE. The diagnostic performance of
MMSE is good because the AUC was 92%.

Diagnostic sensitivity improves with lower cutoff values
but with a corresponding decrease in specificity. High sensi-
tivity corresponds to high negative predictive value and is the
ideal to rule out dementia. We found considerable variation
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on the definitions of cutoff thresholds among the individual
studies. According to our selection criteria, the most com-
mon cutoff scores for the MMSE for dementia were 23 and 24
(44.4% study cohorts), and approximately 20% of eligible co-
horts used cutoff scores of 25 to 26 (range, 17-28). The range
of scores for the Mini-Cog test is similarly 0 to 5, and 7 cohorts
(77.8%) used a score of less than 3 as the cutoff for dementia,
indicating disagreement on the optimal cutoff score across dif-
ferent screening tests. The users of screening tests should strike
a balance between sensitivity and specificity to rule in or out
the participants with dementia according to the available
resources.

This study has several limitations. First, the screening tests
were not directly compared in the same populations. Each
study used different populations, and the inclusion criteria and
prevalence of dementia varied. It would be preferable to di-
rectly compare screening tests using the same group of par-
ticipants with similar educational levels. Second, only a few
studies were included that showed head-to-head compari-
son between the screening tests, so the test performance could
not be directly compared. Third, the screening tests were trans-
lated into different languages, which may have unknown ef-
fects on the results. We assumed that the tests were all vali-
dated in various languages in the individual studies although

Original Investigation Research

this was not guaranteed, and unidentified cultural effects on
the use of screening tests may still exist. Fourth, we only in-
cluded studies that reported the diagnostic performance of
screening tests for dementia. Although we used MCI as a sec-
ondary outcome, the definitions of MCI were heterogeneous
across studies. Studies that only reported the results of MCI
or cognitive impairment but not dementia (cognitive impair-
ment no dementia) were not included in this meta-analysis.
Finally, some unpublished studies may not have been identi-
fied through the literature search in OVID databases, and pub-
lication bias may exist.

. |
Conclusions

This review systematic and meta-analysis found that the MMSE
is the most frequently studied test for dementia screening.
However, many other screening tests have comparable diag-
nostic performance. The Mini-Cog test and the ACE-R had bet-
ter performance than the other dementia screening tests. The
MoCA had better performance than the other MCI screening
tests. Although the MMSE is a proprietary instrument for de-
mentia screening, the other screening tests are comparably ef-
fective but easier to perform and freely available.
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