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REVIEW

Diagnostic Accuracy of Memory Measures in Alzheimer’s
Dementia and Mild Cognitive Impairment: a Systematic
Review and Meta-Analysis
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Mark W. Bondi5,6 & Nikki H. Stricker2,7

Received: 23 December 2016 /Accepted: 16 August 2017
# US Government (outside the USA) 2017

Abstract With an increasing focus on biomarkers in dementia
research, illustrating the role of neuropsychological assessment
in detecting mild cognitive impairment (MCI) and Alzheimer’s
dementia (AD) is important. This systematic review and meta-
analysis, conducted in accordance with PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
standards, summarizes the sensitivity and specificity of memory
measures in individuals with MCI and AD. Both meta-analytic
and qualitative examination of AD versus healthy control (HC)
studies (n = 47) revealed generally high sensitivity and speci-
ficity (≥ 80% for AD comparisons) for measures of immediate
(sensitivity = 87%, specificity = 88%) and delayed memory

(sensitivity = 89%, specificity = 89%), especially those involv-
ing word-list recall. Examination of MCI versus HC studies
(n = 38) revealed generally lower diagnostic accuracy for both
immediate (sensitivity = 72%, specificity = 81%) and delayed
memory (sensitivity = 75%, specificity = 81%). Measures that
differentiated AD from other conditions (n = 10 studies) yielded
mixed results, with generally high sensitivity in the context of
low or variable specificity. Results confirm that memory mea-
sures have high diagnostic accuracy for identification of AD,
are promising but require further refinement for identification of
MCI, and provide support for ongoing investigation of neuro-
psychological assessment as a cognitive biomarker of preclini-
cal AD. Emphasizing diagnostic test accuracy statistics over
null hypothesis testing in future studies will promote the ongo-
ing use of neuropsychological tests as Alzheimer’s disease re-
search and clinical criteria increasingly rely upon cerebrospinal
fluid (CSF) and neuroimaging biomarkers.

Keywords Alzheimer’s disease .Mildcognitive impairment .

Neuropsychological testing .Memory . Sensitivity and
specificity . Meta-analysis

Introduction

Neuropsychological testing has demonstrated sensitivity to de-
mentia, Mild Cognitive Impairment (MCI) and early preclini-
cal stages of Alzheimer’s disease (AD) and is relatively inex-
pensive. Only recently has neuropsychological testing been
clearly listed as an important component of the diagnostic
work-up for AD and MCI by the National Institute on Aging
and Alzheimer’s Association work groups (NIA-AA; MCI;
Albert et al. 2011; McKhann et al. 2011) and for diagnosis of
Major and Mild Neurocognitive Disorder (comparable to
Dementia and MCI, respectively) in the DSM-5 (American
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Psychiatric Association 2013). However, despite the recog-
nized importance and clear utility of neuropsychological test-
ing (Bondi and Smith 2014), it is not a required component for
diagnosis of AD or MCI in newly revised diagnostic systems
(Albert et al. 2011; American Psychiatric Association 2013;
McKhann et al. 2011). Just as is the case for neuropsycholog-
ical testing, recent diagnostic systems have also incorporated
biomarkers into updated consensus criteria for diagnosis of
MCI due to AD and preclinical AD (Albert et al. 2011;
McKhann et al. 2011; Sperling et al. 2011). However, the core
clinical diagnostic criteria for AD do not include biomarkers,
and biomarkers are seen only as Bcomplimentary,^ serving to
increase confidence that the clinical syndrome is due to the AD
pathophysiological process (Jack et al. 2011). In addition, the
use of biomarkers in preclinical AD and MCI are specifically
prescribed for research and not for clinical purposes (Albert
et al. 2011; Sperling et al. 2011). Nevertheless, biomarkers
are often viewed as compelling additions to diagnosis and
many clinical centers have adopted expensive and often inva-
sive biomarker studies to aid in diagnosis of the AD patholog-
ical process, at times prior to ordering neuropsychological as-
sessment. In addition, the the BA/T/N^ (amyloid, tau, and
neurodegeneration/neuronal injury) system is a recently pro-
posed AD descriptive biomarker classification scheme (Jack
et al. 2016), and it does not include cognition. However, recent
evidence suggests that subtle cognitive decline alone can her-
ald later development of biomarker positive states and mild
cognitive impairment (MCI) or Alzheimer’s dementia
(Edmonds et al. 2015b), and cognitive differences are detect-
able in biomarker positive cognitively normal individuals (Han
et al. 2017). One purpose of the present review and subsequent
meta-analysis is to highlight the utility of neuropsychological
testing as an equally valuable and arguably more affordable,
less invasive cognitive biomarker of AD.

An illustration of how neuropsychological testing meets sug-
gested guidelines for a useful biomarker may help to consolidate
the evidence for thecontinued role of neuropsychology in the
clinical diagnostic work-up. In the first review to do so, Fields
et al. (2011) broadly outlined how neuropsychological testing
may offer unique value as a biomarker for dementia. The current
systematic review and meta-analysis further illustrates the utility
of neuropsychology as a biomarker of AD by reviewing studies
that report the diagnostic accuracy of memory measures in MCI
and Alzheimer’s dementia. To our knowledge, this is the first
meta-analysis of the diagnostic accuracy of neuropsychological
measures beyond cognitive screening measures.

A consensus report published in 1998 by The Ronald and
Nancy Reagan Research Institute of the Alzheimer’s
Association and the National Institute on Aging Working
Group on Molecular and Biochemical Markers of
Alzheimer’s Disease (Growdon et al. 1998; referred to as
Consensus Workgroup hereafter) described the ideal features
of a potential biomarker and operationalized criteria by which

they can be evaluated. These criteria include range recommen-
dations for sensitivity and specificity, most simply, that sensi-
tivity and specificity should be no less than 80%within at least
two independent studies distinguishing between patients with
probable AD and normal control subjects. After this level of
diagnostic accuracy is demonstrated, then further application
in patients with possible AD or preclinical AD would be war-
ranted. The consensus report also highlights that biomarkers
can serve various purposes including diagnosis, screening,
predicting conversion, monitoring disease progression, and
detecting response to treatment. The value of any given bio-
marker may vary across its different applications. The more
useful a biomarker is across settings, the higher its general
value (see Fields et al. 2011 for a thorough discussion of
how neuropsychological testing can serve most of these roles).

Although several reviews and meta-analyses have summa-
rized diagnostic test accuracy statistics for the most commonly
reported AD biomarkers, to our knowledge there has not been a
review of diagnostic test accuracy statistics for neuropsycho-
logical measures. In fact, the relative lack of studies reporting
diagnostic accuracy statistics was highlighted by Ivnik et al.
(2000), who summarized this as a valid criticism of neuropsy-
chology (reported in the 1996 Neuropsychological Assessment
Panel of the American Academy of Neurology’s Therapeutics
and Technology Assessment Subcommittee). This gap in the
literature was due mainly to an early over-reliance on null hy-
pothesis testing and the unfortunate omission of diagnostic test
accuracy statistics. The paucity of neuropsychological research
and test manuals that include information about diagnostic va-
lidity is well recognized (Therapeutics and Technology
Assessment Subcommittee of AAN 1996; Chelune 2010;
Ivnik et al. 2000). This early overwhelming focus on null hy-
pothesis testing has rendered much of the prior research dem-
onstrating the utility of neuropsychology in assessment of de-
mentia and MCI inapplicable at the individual clinical level.
Fortunately, more studies recently have begun to include diag-
nostic test accuracy statistics, although these studies have yet to
be summarized within one review.

The overall objective of this systematic review and meta-
analysis was to evaluate the sensitivity and specificity of
memory measures in individuals with MCI and AD. We hy-
pothesized that the diagnostic accuracy of memory measures
for studies comparing individuals with AD and healthy con-
trols (HC) would meet the minimum criteria put forth by the
1998 Consensus Workgroup.

Method

This review was conducted in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (Moher et al. 2009). Although a review
protocol was not registered prospectively, the primary
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objectives and methods were specified in advance. Meta-
analyses were conducted whenever appropriate, and qualita-
tive reviews were provided on measures of memory that were
less widely reported or conceptually heterogeneous.

Articles to be considered for systematic review and meta-
analysis were identified through a PubMed/MEDLINE search
of studies that report diagnostic accuracy statistics for neuro-
psychological measures of memory for Mild Cognitive
Impairment (MCI) or Alzheimer’s disease (AD). Key words
used for the search were [Neuropsychological Tests] or
[Neuropsychology] and [Alzheimer] or [Mild Cognitive
Impairment] and [sensitivity] or [specificity] or [ROC]. We
identified and reviewed studies published before the date of
our online database search on April 26, 2017 that included
information regarding diagnostic accuracy of neuropsycholog-
ical measures. Often, this was not the primary objective of the
study. Additional studies were also identified through other
sources including prior knowledge of studies, additional
PubMed/MEDLINE searches outside the above search param-
eters, and review of references during screening. Because the
vast majority of studies focused on memory, and to limit the
scope of this review, studies were only included if they includ-
ed an episodic memory measure. Some studies, particularly
those with more complicated methodology or results, were
reviewed by two or three reviewers (GW, JS, NS), whereas
most studies were selected and reviewed by one reviewer
(GW or JS). See Fig. 1 for a flow diagram describing the
number of studies screened and meeting inclusion criteria.

Information on sensitivity and specificity was either direct-
ly extracted from the studies by the reviewers, or calculated
using 2 × 2 tables that indicate number of false positives and
negatives and true positives and negatives, if these data were
presented. The extracted or calculated information is present-
ed in the Online Resources (Tables i-iii). These tables present
the author(s), year of publication, sample sizes for all groups,
name of memory measure or neuropsychological test, sensi-
tivity and specificity values, a cutoff value (if reported),
whether the study used the test of interest in the diagnostic
evaluation, and if the study reported 2 × 2 data. Studies were
excluded if they did not report sensitivity and specificity data
or sufficient information to calculate these statistics. We also
excluded studies if 1) widely accepted diagnostic criteria for
MCI or AD were not implemented (for AD - McKhann et al.
1984; McKhann et al. 2011; American Psychiatric
Association 2000; for MCI - Albert et al. 2011; Petersen
2007; Petersen and Kanow 2001; Petersen 2004; Petersen
et al. 2001; Petersen et al. 1999; Portet et al. 2006; Winblad
et al. 2004), 2) sample characteristics could not be determined
based on the information provided or the sample was hetero-
geneous (e.g., inclusion of comorbid neurological conditions
in MCI or dementia samples, such as Parkinson’s disease, that
did not allow clear separation of results by suspected etiolo-
gy), 3) a measure of episodic memory was not included, 4)

methodology appeared to be ambiguous or insufficiently spec-
ified (for example, vague reporting of specific neuropsycho-
logical measures used or unclear statistical analyses or results;
in other words the neuropsychological measure used was un-
clear), or 5) published in a language other than English. In
addition, studies investigating the diagnostic accuracy of
screening measures were excluded as diagnostic validity of
these measures for dementia have been previously reported
(see Lin et al. 2013) and screening measures were viewed as
beyond the scope of the current review. We only included
studies that provided diagnostic accuracy statistics for scores
reflecting memory, excluding several studies reporting com-
bined scores of memory and other cognitive domains (e.g.,
naming and memory scores combined). In some cases, studies
used the test under investigation as part of their diagnostic
criteria used to classify their sample (Bincorporation bias^,
see Noel-Storr et al. 2014). Although this circularity intro-
duces bias and may overestimate the value of the diagnostic
test (Noel-Storr et al. 2014), we chose to include these articles
and identified them in the online resources (Tables i-iii).When
feasible, we performed separate meta-analyses on studies of
high and low quality to examine the potential influence of
incorporation bias on results. Our criteria for Bquality^ was
based on classifying each study for whether or not the measure
of interest was used in the diagnosis (BYes^, BNo^, or
BUnclear^ if no explicit statement made by authors as to
whether test was used in participant diagnosis).

Two types of cut-offs were typically used for the reported
sensitivity and specificity. Optimal cutoffs are study-specific der-
ivations that provide the best balance between sensitivity and
specificity, typically derived through ROC analysis. Optimal
cutoffs are typically represented as raw scores. Conventional
cutoffs are based on an acceptable clinical standard (e.g., −1.5
standard deviations below the mean, etc.) derived from a test
manual or other published normative data. If more than one
conventional cut-off was reported in a study, we chose the value
with the best balance of sensitivity and specificity to include
here. Conventional cut-offs have the advantage of being more
generalizable across studies and more easily applied to clinical
settings, whereas optimal cutoffs maximize diagnostic accuracy
regardless of whether the cut-off represents Bimpairment^ in the
clinical setting (e.g., many optimal cutoffs do not reach the min-
imally accepted clinical cut-off of more than or equal to −1
standard deviation, or SD, below the mean). Unfortunately,
many studies did not report the specific value used as a cutoff.
These studies were still included within the review and meta-
analyses but are clearly noted in the online resources.

Qualitative Review

Types of memory measures were divided into four categories
to better evaluate patterns across studies: Immediate, Delayed,
Associative Learning, and Other. BImmediate memory^ was
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operationalized as recall of information directly following pre-
sentation of stimuli, such that measures using a distraction
task or minutes of delay before recall were included under
Bdelayed memory.^ Associative learning tasks require partic-
ipants to bind together stimulus pairs (e.g., word pairs, object
and location). This is distinguished from tasks that use higher-
order category cues to assist in encoding or retrieval (e.g.,
selective reminding tasks or SRT). We included both verbal
and visual associative learning tasks into this category, as well
as measures of short-term visual memory binding (Parra et al.
2010; Parra et al. 2011). The Bother^ category was used for
recognition memory, combined (e.g., immediate recall score
combined with yes/no recognition score) or interference
scores, and other miscellaneous tests or indices. Interference
(e.g., Fuld Object Memory Evaluation; Loewenstein et al.
2004) is any recall of an item or word that was not on the
original list of presented stimuli. To optimally compare the
diagnostic accuracy of different types of memory measures,
we often report several different memory measures from the
same study.

For both immediate and delayed categories, studies were
further subdivided into verbal list free recall, verbal list cued
recall or selective reminding, story free recall, visual free recall,
retention (included in Delayed only), and Bother.^ Free recall

measures asked individuals to provide to-be-remembered in-
formation (e.g., a list, visual stimuli, or a story) from memory
without any cues. Measures of cued-recall and combined mea-
sures of free- and cued-recall using a selective reminding par-
adigm1 were included within the same division. Retention is
the percent savings, or the number of words or items recalled
on delay divided by the maximum number of words or items
learned. Recognition tasks included yes/no recognition (e.g.,
Bwas car on the list you heard earlier?^) and forced choice
recognition (e.g., BWas car or banana on the list you heard
earlier?^). Some studies included in the verbal memory section
supplemented auditory stimuli with visual stimuli (e.g., pre-
sentingwritten words as they are read aloud or a corresponding
picture with a to-be-learned word). Visual memory tasks

1 The selective reminding paradigm has been well described (see Carlesimo
et al. 2011) and is best exemplified by the Free and Cued Selective Reminding
Test (Grober and Buschke 1987). This paradigm attempts to control for
encoding ofmaterial by providing the name of each semantic category (4 total)
and asking subjects to point to each of 4 items within the semantic category.
This is followed by immediate category cued recall (repeated until 4/4 items
recalled). Next, individuals are asked to freely recall the items on the list. A
category cued recall procedure is then used for any items not freely recalled.
This procedure is typically repeated three times and provides a measure of free
recall and total recall (free recall + cued recall).
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Fig. 1 Final number of studies meeting inclusionary criteria based on PRISMA (Preferred Reporting Items for Systematic reviews andMeta-Analyses)
2009 standards

Neuropsychol Rev



included those with simple or complex geometric shapes, as
well as route or map learning tasks.

For the qualitative review of studies, we used the minimum
cutoff of 80% sensitivity and specificity for differentiating AD
fromHCs and from other dementias that was suggested by the
Consensus Workgroup ( 1998). One limitation to our qualita-
tive observations is that in general, direct comparisons across
studies are confounded by varying methods and sample char-
acteristics, prohibiting strong conclusions regarding which
measures are most sensitive to AD. However, general patterns
are discussed and where one published study directly exam-
ined two or more different memory measures, we comment on
this comparison as appropriate. Studies also inconsistently
reported cutoffs based on a conventional or an optimal cut
point, further complicating direct comparison of diagnostic
accuracy statistics across studies.

Data Synthesis and Meta-Analysis

Meta-analyses were performed for immediate and delayed
memory when an appropriate number of studies were avail-
able (minimum of 3 studies per test type was deemed as suf-
ficient). It is important to note that for meta-analyses per-
formed here using a single dependent variable (rather than
several dependent variables considered jointly), where there
are less than 5 studies there are important limitations to the
validity of the meta-analysis, at k = 3 it is not possible to
compute a rho correlation coefficient to assess potential
threshold effects. Some studies listed in Tables i and iii were
not included in meta-analysis due to concern about duplica-
tion of subjects. For example, it is probable that a significant
proportion of the data report by Chapman et al. (2016) is
already represented by other studies as it is drawn from the
National Alzheimer’s Coordinating Centre (NACC database).
Associative Learning and Other categories were not included
in meta-analyses due to heterogeneity of measures. All meta-
analyses were performed using R package ‘Mada,’ designed
specifically for meta-analysis of diagnosticity data (Doebler
2015; Doebler and Holling 2012; Schwarzer et al. 2015).
Using specificity and sensitivity values for each test, contin-
gency data for each study (true positives, false positives, false
negatives and true negatives) were computed using Microsoft
Excel. Contingency data was rounded to whole numbers (≥0.5
rounded up, <0.5 rounded down). Contingency data and k
were then entered into R to perform meta-analyses.

Univariate Analysis Equality of sensitivity and specificity
proportions was examined by χ2 test. The sensitivity and spec-
ificity values depend on the cut-off values used by different
studies. Lowering the cut-off improves sensitivity but reduces
specificity, whereas increasing the cut-off reduces sensitivity
but increases specificity. The relationship between sensitivity
and specificity as determined by the cut-off threshold is

important to consider when performing meta-analyses of di-
agnostic test accuracy data where cut-off thresholds are likely
to vary between studies included in the meta-analysis.
Threshold effects were examined by Spearman rho correlation
(sensitivity and false positive rate (1 – specificity)), with cor-
relations ≥0.6 indicating potential threshold effects. The cor-
relations are usually in a positive direction, but can be negative
in direction. Diagnostic Odds Ratios (DOR) were calculated
using the DSL method (DerSimonian and Laird random-
effects; DerSimonian and Laird 1986). Coupled forest plots
were used to examine threshold effects. Forest plots
displaying an inverse relation (V or an inverted V pattern)
indicate potential threshold effects. Where threshold effects
are identified, interpretation of analyses should be based on
descriptive analyses. Heterogeneity can be identified when the
probability of the Q statistic falls below. 10. However, this
statistical criterion may be less appropriate for meta-analysis
of diagnostic tests which employ bivariate outcomes
(sensitivity and specificity; Kim et al. 2015; Lee et al. 2015).
Tau-squared quantifies the variance across studies, with a val-
ue of zero indicating minimal or no heterogeneity in the data.

Hierarchical Meta-Analyses Following methods outlined by
Kim et al. (2015) and Lee et al. (2015), we employed hierarchi-
cal methods, known as the bivariate and Rutter & Gatsonis
hierarchical summary receiver operating characteristic
(HSROC)models, respectively. These are random effect models
in that they account for variance within studies as well as across
studies. The use of such hierarchical methods is recommended
(Lee et al. 2015) because these methods also account for the
relationship between sensitivity and specificity, thereby directly
addressing potential threshold effects. These methods produce
the same results when no covariates are considered. Bivariate
random-effects model, restricted maximum likelihood (REML)
estimation, was employed with continuity correction set at 0.5.
Some studies examined reported sensitivity or specificity values
of 100. As such, the contingency data included values of 0. Such
values have been noted to undermine the statistical validity of
the meta-analysis. We addressed this by adding a small continu-
ity correction of 0.5 (default option) to each study, where re-
quired (Doebler and Holling 2012).

Studies were excluded if sensitivity and specificity values
were missing or where 2 × 2 contingency data were missing,
including those studies reporting a Bset^ cut-off value. Formain
analyses (AD Immediate, AD Delayed, MCI Immediate, MCI
Delayed) single studies reporting multiple data points were
statistically combined to form a single synthetic score.
Synthetic scores were computed using the hierarchical methods
described above, irrespective of sample size. As the combina-
tion of different types of measures of immediate and delayed
recall into single meta-analyses may create additional variabil-
ity, we conducted a series of subsequent meta-analyses of spe-
cific subclasses of immediate recall (list free recall, list cued
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selective reminding, story free recall, visual free recall) and
subclasses of delayed recall (list free recall, list cued selective
reminding, list retention, story free recall, visual free recall). For
subclass analyses where single studies reported multiple data
points, a single data point from each study was selected rather
than calculation of synthetic score. The method used to select
the single representative data point in these cases was to select
the same measure as was used in other studies contained in the
meta-analysis, and where this was not possible to identify the
measure with the closest construct similarity to the other mea-
sures contained in the meta-analysis.

Results

Descriptive (univariate) data and pooled estimates for AD and
MCI can be found in Tables 1, 2, 3, 4, 5 and 6 respectively.
Overall, the series of meta-analyses indicate that while imme-
diate and delayed memory measures have high diagnostic
accuracy in identifying AD, their capacity to discriminate be-
tween MCI and healthy persons is adequate but lower. For all
analyses, the SROC (summary receiver operative characteris-
tic) presented plots sensitivity values against false positive rate
(FPR = 1 – specificity). Careful inspection of the SROC
curves for MCI indicate substantial heterogeneity in sensitiv-
ity and specificity values across studies. We review quantita-
tive and qualitative results for each subgroup of analyses.

Alzheimer's Disease Versus Healthy Controls

We found a total of 84 studies comparing AD and HC based
on our literature review and PubMed search criteria described
above. After more careful review, 37 studies were excluded
per the exclusion criteria described in the Method. We includ-
ed 47 total studies for AD versus HC, many of which provide
the sensitivity and specificity for multiple measures. Of the 47
studies, four studies explicitly stated that the measure of inter-
est (in combination with other measures and clinical informa-
tion) was considered during diagnosis, and in nine additional
studies, this could not be determined based on the method
sections. Eleven of the studies did not report the cut-off used
or derived for the sensitivity and specificity values. Only four
studies provided 2 × 2 data in the article (Cahn et al. 1995;
O'Connell et al. 2004; Parra et al. 2010; Welsh et al. 1991).
Almost all used diagnostic criteria of the National Institute of
Neurological and Communicative Disorders and the
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA). See online resources (Tables i and ii)
for additional information about diagnostic criteria applied
by each study. In summary, over half (54%) of the AD studies
(included in both AD versus HC and AD versus Other; k = 29
of 54) included Bprobable^ AD diagnoses only (i.e., excluded
Bpossible AD^ participants), 23% (k = 12) included both prob-
able and possible AD diagnoses, k = 2 included confirmatory
autopsy data (Salmon et al. 2002; Storandt and Morris 2010),

Table 1 Meta-analyses of immediate recall measures for Alzheimer’s disease vs. healthy controls

Univariate Analysis Immediate Recall
Measures

Immediate List
Free Recall

Immediate List
Cued/Selective
Reminding

Immediate Story
Free Recall

Immediate Visual
Free Recall

k 26 17 7 3 4

Equality of sensitivities χ2(25) = 114.84
p. < .0001

χ2(16) = 75.44
p. < .0001

χ2(6) = 19.72
p. = .003

χ2(2) = 3.33
p. = .189

χ2(3) = .95
p. = .812

Equality of specificities χ2(25) = 104.10
p. < .0001

χ2(16) = 53.30
p. < .0001

χ2(6) = 14.56
p. = .024

χ2(2) = 6.59
p. = .037

χ2(3) = 11.33
p. = .010

Rho (Se and false positive rate correlation)
(95% CI)

−.53
(−.76, −.18)

−.09
(−.55, .41)

−.93
(−.99, −.61)

NA −.85
(−1.0, .61)

DOR (95% CI) 56.18
(35.63, 88.58)

55.98
(35.38, 88.58)

95.31
(26.76, 339.45)

7.29
(2.70, 19.71)

105.45
(32.30, 344.25)

Cochran’s Q Q(25) = 31.57
p. = .171

Q(16) = 18.12
p. = .317

Q(6) = 6.06
p. = .417

Q(2) = 2.18
p. = .335

Q(3) = 2.74
p. = .434

Tau (95% CI) .97
(0.00, 1.46)

.74
(0.00, 1.31)

1.46
(0.00, 3.42)

.75
(0.00, 5.80)

.81
(0.00, 4.43)

Tau-squared (95% CI) .95
(0.00, 2.13)

.55
(0.00, 1.72)

2.13
(0.00, 11.68)

.57
(0.00, 33.68)

.65
(0.00, 19.61)

Meta-analysis

Sensitivity (95% CI) .87
(.83, .90)

.87
(.83, .90)

.87
(.78, .93)

.71
(.61, .78)

.92
(.86, .96)

Specificity (95% CI) .88
(.85, .90)

.88
(.85, .91)

.93
(.87, .97)

.75
(.58, .86)

.90
(.78, .95)
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one used familial gene sequence (Parra et al. 2010), and 19%
(k = 10) did not specify probable or possible AD diagnoses.

Immediate Memory Twenty-six data points contributed to
meta-analysis of immediate recall measures in differentiating
AD from HC (Table 1 and Fig. 2). Overall, these measures
demonstrated excellent diagnostic accuracy with values well
exceeding the suggested minimum cut-off values with a 95%
confidence interval (95% CI) for sensitivity (Se = .87, 95% CI
[.83, .90]) and specificity (Sp = .88, 95% CI [.85, .90]). Visual
inspection of the forest plots (Fig. 2) and SROC curves
(Fig. 3) supports this conclusion.

Due to the potential bias in some studies where the mea-
sures examined were also used to diagnose participants with
AD, we classified all 26 papers according to whether or not
the measure was used to diagnose participants. A total of 18
studies did not use the measure under examination for diag-
nosis of participants, with 3 studies using the measure for
diagnosis and the remaining 5 studies being unclear as to
how the measure was used in participant diagnosis. A meta-
analysis of the 18 studies not using the measure for diagnosis
was conducted (Table 2), indicating that the immediate mem-
ory recall measures continued to display excellent diagnostic
accuracy for differentiating AD from HC with values well
exceeding the suggested minimum cut-off for sensitivity

(Se = .86, 95% CI [.82, .90]) and specificity (Sp = .88, 95%
CI [.84, .92]). Visual inspection of the forest plots and SROC
curves (Supplemental Figures xvii and xviii) supports this
conclusion. However, the rho correlation did exceed the cut-
off for potential threshold effects.

Forest plots for subclasses of immediate recall measure are
presented in Online Resources (Figures i, ii, iii, and iv).
Immediate memory recall subclasses (Table 1) generally
displayed good to excellent sensitivity and specificity - List
Free Recall Se = .87, 95% CI [.83, .90], Sp = .88, 95%CI [.85,
.91]; List Cued Selective Reminding Se = .87, 95% CI [.78,
.93], Sp = .93, 95% CI [.87, .97]; Visual Free Recall Se = .92,
95% CI [.86, .96], FPR = .90, 95% CI [.78, .95], with the
exception of Immediate Story Recall which showed adequate
sensitivity and specificity (Story Free Recall Se = .71, 95% CI
[.61, .78], Sp = .75, 95% CI [.58, .86]). Visual inspection of
the SROC curves for Immediate List Free Recall, Immediate
List Cued Selective Reminding, and Visual Free Recall tests
(Fig. 4) confirms that these measures display good diagnostic
accuracy for differentiating AD from healthy controls. Story
Free Recall displays lower diagnostic accuracy, however, it is
important to note that due to small numbers of studies caution
must be exercised in drawing firm conclusions regarding the
diagnostic accuracy of Story Free Recall (k = 3) and Visual
Free Recall measures (k = 4). Although no concerns were

Fig. 2 Paired forest plot AD vs HC Immediate Recall measures. AD: Alzheimer’s disease, HC: healthy controls, TP: true positive, FP: false positive,
FN: false negative, TN: true negative
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raised in the inspection of forest plots, correlations between
sensitivity and FPR for AD Immediate List Cued or Selective
Reminding and AD Immediate Visual Free Recall (cannot be
calculated for Story Free Recall due to k = 3 cases) exceeded
the cut-off for potential threshold effects (≥.60).

Immediate memory indices or factor scores were reported
in two studies but were not included in the meta-analysis due
to insufficient data (<3 studies; see Online Resources -Table i).
Both the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) Immediate Memory
Index and Mayo Cognitive Factor Scales (MCFS) Learning
Recall Factor Score demonstrated higher than minimum cut-
off for both sensitivity and specificity. However, for both of
these studies (Duff et al. 2008; Ivnik et al. 2000), the test of
interest was available, in addition to multiple other measures,
when determining the diagnostic status of study participants,
which could lead to inflated diagnostic accuracy statistics.

In summary, immediate memory measures, including imme-
diate list free recall, immediate list cued or selective reminding,
and immediate visual free recall demonstrated high diagnostic
accuracy for differentiating AD from HC, with values well
exceeding the suggested minimum cut-off for sensitivity and
specificity (> .80). Immediate story recall measures displayed

lower diagnostic accuracy. However, very few studies using
story recall measures could be incorporated into meta-analysis.

Delayed Memory Twenty-seven data points contributed to
the meta-analytic evaluation of delayed recall measures in
differentiating AD from HC (Table 3 and Fig. 5). Overall,
these measures demonstrated excellent diagnostic accuracy
with values well exceeding the suggested minimum cut-off
for sensitivity (Se = .89, 95% CI [.87, .91]) and specificity
(Sp = .89, 95% CI [.87, .91]). Visual inspection of the forest
plots (Fig. 5) and SROC curves (Fig. 6) supports this
conclusion.

To assess for potential bias in some studies where the mea-
sures examined were also used to diagnose participants with
AD, we classified studies according to whether or not the
measure was used to diagnose participants. A total of 18
(two data points from Delgado et al. 2016- Delgado 2016a,
b) studies did not use the measure under examination for di-
agnosis of participants, with two studies using the measure for
diagnosis and the remaining six studies being unclear as to
how the measure was used in participant diagnosis. A meta-
analysis of the 19 studies not using the measure for diagnosis
was conducted (Table 2), indicating that the delayed memory
recall measures continued to display excellent diagnostic ac-
curacy for differentiating AD from HC with values well ex-
ceeding the suggested minimum cut-off for sensitivity
(Se = .89, 95% CI [.85, .91]) and specificity (Sp = .89, 95%
CI [.86, .91]). Visual inspection of the forest plots and SROC
curves (Supplemental Figures xix and xx) supports this
conclusion.

Forest plots for subclass analyses are presented in Online
Resources (Figures v, vi, vii, viii, and ix respectively).
Delayed memory subclasses displayed good to excellent sen-
sitivity and specificity - List Free Recall Se = .90, 95%CI [.86,
.92], Sp = .87, 95% CI [.84, .89]; List Cued Selective
Reminding Se = .91, 95% CI [.87, .94], Sp = .92, 95% CI
[.88, .95]; List Retention Se = .84, 95% CI [.73, .91], Sp = .81,
95% CI [.77, .84]; Visual Free Recall Se = .86, 95% CI [.82,
.89], Sp = .88, 95% CI [.85, .91]; Story Free Recall Se = .93,
95% CI [.84, .98], Sp = .89, 95% CI [.79, .94]). Visual inspec-
tion of the SROC curves for the five subclasses of delayed
memory recall (Fig. 7) confirms that all measures display
good diagnostic accuracy for differentiating AD and HC.
However caution is warranted in interpreting data for List
Cued Selective Reminding and Story Free Recall, as these
exceeded the cut-off for potential threshold effects.

A few data points could not be included in the meta-
analysis due to insufficient data (<3 studies), including story
retention, visual retention, and other delayed scores that com-
bined multiple indices. Values for story and visual retention
were variable based on qualitative review. One study of story
percent retention (WMS-R, 1987, Logical Memory percent
retention; Testa et al. 2004) did not have sensitivity values that

Fig. 3 Hierarchical summary receiver-operator characteristic (SROC)
curve for AD vs HC Immediate Recall measures. Conf.region = confi-
dence region at the 95th percentile
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met the suggested minimum cutoff (Consensus Workgroup
1998), whereas another study (Clark et al. 2010) demonstrated
values for RBANS-Story Retention into the 90s for specificity
and sensitivity. Two studies reported values for visual reten-
tion and only one value, specificity of WMS-R Visual
Reproduction Savings (Cahn et al. 1995), was above the min-
imum suggested cutoff (Consensus Workgroup 1998). The
Mayo Cognitive Factor Score (MCFS) Retention score
(Ivnik et al. 2000), derived from Wechsler Adult Intelligence
Scales –Revised (WAIS-R), WMS-R, and Rey Auditory
Verbal Learning Test (RAVLT), performed better than any
individual retention indices. Duff et al. (2008) reported sensi-
tivity and specificity values for the RBANS Delayed Memory
Index, an index incorporating delayed word list recall, story
recall, recognition, and delayed visual recall. The index had
high sensitivity and specificity (92%) at a − 1.5 SD conven-
tional cutoff.

Few studies provided data allowing for qualitative compar-
ison of diagnostic accuracy across different memory measure
types within the same study. Baek et al. (2012) reported values
for immediate, delayed, and recognition memory on list learn-
ing (Korean Hopkins Verbal Learning Test; K-HVLT) and
story learning (Korean Story Recall Test), with results sug-
gesting list learning confers higher diagnostic accuracy rela-
tive to story recall, particularly for immediate recall trials. The
diagnostic accuracy of recognition was poorer than recall for
both stories and the word list. Duff et al. (2008) compared
subtests of the RBANS in differentiating between AD and

HCs. RBANS List Learning demonstrated good sensitivity
and specificity using a conventional −1 SD cutoff and showed
better balance across both sensitivity and specificity when
compared to the RBANS Story Memory (immediate) in this
study, although both measure types had excellent sensitivity
and specificity after a delay. Salmon et al. (2002) reported
higher sensitivity (98%) for delayed list recall (CVLT) relative
to delayed story recall (WMS Logical Memory, 87% sensitiv-
ity), although specificity values were similar. Parra et al.
(2012) reported immediate and delayed recall for a word list
task, with values favoring immediate recall (sensitivity = 90%,
specificity = 80%) over delay (sensitivity and specifici-
ty = 80%). Finally, Park et al. (2016) reported immediate
and delayed cued recall on the RI-24 task. The delayed task
showed higher sensitivity (89%) compared to the immediate
task (75%) and the specificity was equivalent (91%). Fourteen
studies presented data for both immediate and delayed verbal
memory tasks (including both list and story). When compared
directly within the same sample, most studies did not show
large differences between immediate and delayed memory
tasks for story or list-learning. Five studies showed a small
improvement for either sensitivity or specificity on the de-
layed memory tasks, suggesting a possible advantage in diag-
nostic accuracy for the delayed task (e.g., Gavett et al. 2009).
However, the remaining nine studies showed no such differ-
ence and some even demonstrated the opposite pattern –
stronger diagnostic accuracy values on immediate memory,
compared to the delayedmemory (e.g., Bertolucci et al. 2001).

Table 2 Sensitivity analyses of
Alzheimer’s disease vs. healthy
control studies where the measure
of interest was not used in
participant diagnosis

Univariate Analysis Immediate Recall Measures Delayed Recall Measures

k 18 19

Equality of sensitivities χ2(17) = 56.30

p. < .0001

χ2(18) = 47.67

p. < .001

Equality of specificities χ2(17) = 71.57

p. < .0001

χ2(18) = 45.75

p. < .001

Rho (Se and false positive rate correlation)
(95% CI)

−.71
(−.88, −.36)

−.35
(−.69, .13)

DOR (95% CI) 56.33

(30.03, 105.66)

75.36

(44.77, 126.85)

Cochran’s Q Q(17) = 16.74

p. = .472

Q(18) = 15.53

p. = .625

Tau (95% CI) 1.16

(0.00, 1.49)

.91

(0.00, 1.06)

Tau-squared (95% CI) 1.35

(0.00, 2.21)

.82

(0.00, 1.12)

Meta-analysis

Sensitivity (95% CI) .86

(.82, .90)

.89

(.85, .91)

Specificity (95% CI) .88

(.84, .92)

.89

(.86, .91)
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In summary, delayed verbal memory tests of free and cued
list and story memory, as well as non-verbal or visual tasks
demonstrated good to excellent sensitivity and specificity for
differentiating AD patients from HC participants. Delayed
free recall of word list and delayed free recall of stories both
consistently demonstrated strong sensitivity and specificity
values above the minimum suggested cutoff (Consensus
Workgroup 1998). Percent retention tended to have lower
sensitivity and specificity. It is important to note that savings
or retention is dependent on initial encoding, and therefore the
sensitivity and specificity values may be artificially lowered.
For example, if a patient only learns one item and remembers
that one item, the calculated score will be 100% retention. The
specificity of percent retention may be additionally important

when comparing AD with other disorders (e.g., Vascular
Dementia, Huntington’s, or Parkinson’s disease; Lundervold
et al. 1994). Results suggest that immediate and delayedmem-
ory tasks may be similar in their diagnostic accuracy (meta-
analysis findings show.86 and .88 sensitivity, .89 and .89 spec-
ificity, respectively) for differentiating AD patients from HC
participants. In a clinical context, immediate memory tasks
require much less time compared to delay tasks for both pa-
tients and examiners, thus it is important to determine whether
delayed measures offer superior diagnostic accuracy relative
to immediate memory.

Associative Learning Seven studies, two of which used the
same sample (Parra et al. 2010, 2011) were included, reporting

Fig. 4 Hierarchical summary receiver-operator characteristic (SROC) curve for AD versus HC for subclasses of Immediate Recall measures.
Conf.region = confidence region at the 95th percentile
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data for ten tasks. The Visual Association Test (VAT)2 had
sensitivity (83%) and specificity (91%) values above the sug-
gested cutoff (Lindeboom et al. 2002). A second paradigm3

used by Lowndes et al. (2008) measured performance on
Verbal Paired Associate-Recognition and Verbal Paired
Cued-Recall tasks. Both of these tasks demonstrated
strong specificity (100 and 96, respectively) and sensitiv-
ity (86%), meeting the recommended cutoff of 80%
(Consensus Workgroup 1998). Storandt and Morris
(2010) reported lower than expected values for both sen-
sitivity (62%) and specificity (70%) on the WMS
Associate Learning Immediate Recall task. Though they
reported multiple cutoff values in the article, a standard
deviation of −0.5 was the best balance between sensitivity
and specificity. O’Connell and colleagues (O'Connell
et al. 2004) reported 100% specificity and only 68% sen-
sitivity on the Cambridge Neuropsychological Test
Automated Battery (CANTAB) – Paired Associates
Learning (PAL) test,4 suggesting that the test may not
meet the minimum criteria for detecting AD. In a compar-
ison of the paper and pencil and computerized versions of
The Placing Test,5 diagnostic accuracy was equivalent
(Vacante et al. 2013). Specificity for both was reportedly
79%, which is just below the suggested minimum cutoff.
The total score of the computerized test, which included
faces, objects, and an additional 10 items, was reported to
have equal sensitivity to the others (89%) and improved
specificity (93%).

Parra et al. (2010) reported adequate sensitivity (82%) and
specificity (77%) on a traditional associative learning task6 in
individuals with early-onset familial AD. Parra and colleagues
also created a novel Bvisual short termmemory binding^ task7

based on a change detection paradigm. The sensitivity (77%)
and specificity (83%) for this test were also adequate. Of note,
however, is that their study also included asymptomatic indi-
viduals who were known carriers of the E280A mutation who
did not meet criteria for AD orMCI. Sensitivity of the binding
condition in these individuals was 73%, a promising value
given that they are in the preclinical phase of AD. For com-
parison, sensitivity of the WMS Verbal Paired Associates
(VPA) was 40% for asymptomatic carriers. Another study
published by Parra et al. (2011) found specific deficits in
color-color short-term memory binding in both sporadic and
familial AD. Sporadic AD cases demonstrated a 79% speci-
ficity and sensitivity, whereas familial AD cases demonstrated
77% sensitivity and 100% specificity for the bound colors
condition.

Overall the associative learning tasks varied in terms of
their sensitivity and specificity values. Of the ten measures
reported, two-thirds demonstrated specificity values that were
above the minimum cutoff. Similarly, seven of the ten mea-
sures demonstrated sensitivity values that were above the min-
imum cutoff. However, all but one study (Lindeboom et al.
2002) had small sample sizes ranging from 18 to 55, resulting
in large confidence intervals.

Other Memory Measures Ten studies that included recogni-
tion memory studies reported data on fourteen recognition
tasks (yes-no recognition and forced-choice paradigms). All
but one (Consortium to Establish a Registry for Alzheimer’s
Disease - CERAD -Word List Recognition – Finnish version;
(Sotaniemi et al. 2012) reported specificity values above the
minimum suggested cutoff of 80% (Consensus Workgroup
1998). In contrast, only 5 of the 14 sensitivity values reported
met the minimum suggested cutoff. This pattern suggests that
if recognition memory is impaired, it is likely to indicate AD
(high specificity), but if it is not impaired we cannot be con-
fident about ruling out AD (low sensitivity). Future research
needs to examine other recognition memory tasks that may

2 A picture with two interacting pieces is presented (e.g., ape holding an
umbrella) and individuals are asked to name both aspects of the picture.
Immediately following presentation of six pictures, six cards are presented
containing only one aspect of the picture (e.g., the ape alone). With presenta-
tion of the card missing an object, the individual is asked to say the item that is
missing. Responses are accepted in any format: written, drawn, oral, ormimed.
3 Eight semantically or associatively unrelated word pairs (four concrete, e.g.,
horse-forest, and four abstract, e.g., open-fresh). Associate-Recognition task
was always completed during the first and the Cued-Recall during the second
session. After presentation of the eight pairs, in the Associate-Recognition
phase, a cue was presented at the top of the page and individuals identified
which from a list of 4 items had been presented with the cue. For the Cued-
Recall phase, the cue was presented and the individual was asked to recall the
word that had been paired with the cue.
4 A computerized task that displays boxes on the screen that are randomly
opened. Some boxes contain a pattern. Patterns are then displayed in the
middle of the screen and the individual must match the pattern in the middle
of the screen to the appropriate location (i.e., box). When a mistake is made,
the boxes are re-opened to remind the individual. The test becomes more
difficult throughout and takes about 10 min to administer.
5 In the paper and pencil task, 10 faces and 10 objects were presented. The
original version of the test showed faces in black and white whereas the novel
version presented faces and objects in color. After encoding, individuals are
immediately presented with the face or object (one at a time) and report in
which quadrant of the page the itemwas originally presented. The total score is
the number placed correctly out of 20. The computerized version was similar
with an additional 10 shapes or 10 animals (30 items presented total) and
participants were asked to click on the quadrant where the item had initially
been presented. For both versions of the test, the 10 items belonging to a
category were presented and tested separately, for example, encoding and
testing phase of 10 faces followed by encoding and testing of 10 objects.

6 WMSVerbal Paired Associates (Wechsler 1945, VPA) (Spanish translation),
individuals learned 10 pairs of words (6 related, 4 unrelated) across three trials,
providing one score of total memory acquisition.
7 Individuals saw 2 or 3 items on the screen (difficulty varied depending on
diagnosis; HC saw 3 items, AD patients saw 2 items) for 2000 ms during the
study display. Following the study phase, individuals’ visual short-term mem-
ory was assessed for single feature and binding by using Bcolor only^ and
Bshape only^ conditions in addition to Bshape-color binding^ conditions. In
single feature conditions, new shapes or new colors were replaced in the test
phase, respectively, so that memory for individual features was required to
detect the change. In the shape-color binding condition, two shapes changed
colors in the test phase compared to the study phase so that memory of both the
bound shape and color elements was required to detect change.
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Fig. 5 Paired forest plot AD vs HC Delayed Recall measures. AD: Alzheimer’s disease, HC: healthy controls, TP: true positive, FP: false positive, FN:
false negative, TN: true negative

Table 3 Meta-analyses of delayed recall measures for Alzheimer’s disease vs. healthy controls

Univariate Analysis Delayed Recall
Measures

Delayed List
Free Recall

Delayed List Cued/
Selective Reminding

Delayed List
Retention

Delayed Visual
Free Recall

Delayed Story
Free Recall

k 27 16 10 5 6 4

Equality of sensitivities χ2(26) = 63.40
p. < .0001

χ2(15) = 38.54
p. < .001

χ2(9) = 19.62
p. = .020

χ2(4) = 35.40
p. < .0001

χ2(5) = 5.06
p. = .409

χ2(3) = 13.12
p. = .004

Equality of specificities χ2(26) = 77.89
p. < .0001

χ2(15) = 26.71
p. = .031

χ2(9) = 14.46
p. = .107

χ2(4) = 9.61
p. = .048

χ2(5) = 5.25
p. = .386

χ2(3) = 20.87
p. < .001

Rho (Se and false positive rate
correlation) (95% CI)

−.38
(−.66, .00)

−.44
(−.77, .07)

−.68
(−.92, −.08)

.46
(−.71, .95)

.11
(−.77, .85)

−.69
(−.99, .80)

DOR (95% CI) 78.41
(51.32, 119.80)

69.35
(42.33, 113.60)

146.01
(60.21, 354.08)

27.40
(16.90, 44.42)

56.54
(35.21, 90.79)

113.47
(24.42, 527.14)

Cochran’s Q Q(26) = 24.26
p. = .561

Q(15) = 15.75,
p. = .399

Q(9) = 5.84
p. = .756

Q(4) = 5.57
p. = .233

Q(5) = 4.47
p. = .484

Q(3) = 3.44
p. = .329

Tau (95% CI) .88
(0.00, .95)

.75
(0.00, 1.32)

1.12
(0.00, 1.43)

.35
(0.00, 2.94)

.00
(0.00, 2.11)

1.43
(0.00, 6.08)

Tau-squared (95% CI) .77
(0.00, .91)

.56
(0.00, 1.74)

1.25
(0.00, 2.05)

.13
(0.00, 8.65)

.00
(0.00, 4.46)

2.05
(0.00, 36.99)

Meta-analysis

Sensitivity (95% CI) .89
(.87, .91)

.90
(.86, .92)

.91
(.87, .94)

.84
(.73, .91)

.86
(.82, .89)

.93
(.84, .98)

Specificity (95% CI) .89
(.87, .91)

.87
(.84, .89)

.92
(.88, .95)

.81
(.77, .84)

.88
(.85, .91)

.89
(.79, .94)
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have better overall diagnostic accuracy (e.g., California Verbal
Learning Test-II Total Recognition Discriminability).

All of the studies reviewed that were included under the
Combined or Interference category (k = 8) reported sensitivity
values well above the minimum recommended cutoff
(Consensus Workgroup 1998) at 85% or higher. In addition,
all of the specificity values were excellent, with all but one
above 90%. It is difficult to draw conclusions on this category
as a whole due to the variability of types of tests within the
category. However, the success in diagnosing AD based on
tests in this category was quite strong. Two of the combined
scores (recall plus recognition, HVLT: Shi et al. 2012;
CERAD: Sotaniemi et al. 2012), both demonstrated sensitiv-
ity and specificity scores into the 90%s. Another study in this
category reported recognition span total (verbal, visual, fa-
cial), with excellent sensitivity and specificity values at 95%
and 96%, respectively (Salmon et al. 1989). Unfortunately,
this study did not report cutoff values. An interference score
for the Fuld Object Memory Evaluation (Loewenstein et al.
2004) reported a specificity of 85% and sensitivity of 96%,
again without a cutoff. As mentioned above, a factor score
combining retention performance across multiple measures
performed well, with 85% sensitivity and 92% specificity
(Ivnik et al. 2000). Both prospective and retrospective com-
ponents of a prospective memory test (Marcone et al. 2017)
had high sensitivity (93 and 85%, respectively) and specificity
(86 and 98%, respectively). Troster et al. (1993) reported sen-
sitivity (88%) and specificity (99%) for the combined WMS-
R Logical Memory and Visual Reproduction percent savings
scores, both well above the recommended 80% (Consensus

Workgroup 1998). Finally, total recall of the Buschke
Selective Reminding (combining recall from short-term and
long-term memory) yielded a sensitivity of 95% and specific-
ity of 100%, both well above the minimum suggested cutoff.
Unfortunately, no cutoff values were reported (Paulsen et al.
1995). The results overall from this section suggest that using
a combination of scores, particularly recall and recognition
scores added together, could be beneficial in diagnosing AD.
Future research should continue to examine combination
scores with more uniformity. Normative data for such com-
bined measures are needed.

AD Versus Other Dementias/Disorders

Another important area of research focuses on the ability of
neuropsychological measures to differentiate between AD and
other neurological syndromes, including other dementias, neu-
rological conditions and psychiatric disorders impacting neuro-
psychological functioning. The Bother^ category for this review
was heterogeneous, and therefore unable to be included inmeta-
analysis. A total of 24 studies were initially identified, however,
14were excluded according to exclusionary criteria described in
the method. Online Resources (Table ii) presents the remaining
10 studies. These studies included comparisons between AD
and semantic dementia, dementia due to Huntington’s disease
(HD), Parkinson’s disease (PD), psychiatric populations, sub-
cortical vascular dementia or small vessel disease (VaD), a sam-
ple of Bnon-AD^ (described below), and Dementia with Lewy
Bodies (DLB). In four of the nine studies, it was unclear if the
test of interest was used to diagnose the disorder. Additionally,
no studies in this section made 2 × 2 data available.

Four studies included measures of immediate memory and
compared detection of AD to HD, VaD, semantic dementia,
and Bnon-AD.^ Three of these studies had acceptable sensi-
tivity, including the RBANS Story Memory for AD versus
VaD (McDermott and DeFilippis 2010), the Visual Route
Learning Test for AD versus Semantic dementia (Pengas
et al. 2010), and the Neuropsychological Assessment Battery
(NAB) Daily LivingMemory – Immediate recall (Gavett et al.
2012) for AD versus Bnon-AD.^ Values for specificity were
lower and more variable, but two studies (Gavett et al. 2012;
Pengas et al. 2010) demonstrated both sensitivity and speci-
ficity values for immediate recall (NABDaily LivingMemory
– Immediate Recall) that were above the recommended cutoff
of 80% (ConsensusWorkgroup 1998). The Buschke Selective
Reminding Test – Short-Term Memory (Paulsen et al. 1995)
did not reach the recommended cutoff for either sensitivity or
specificity in differentiating AD and HD.

Of nine delayed memory measures in six studies, five mea-
sures met the recommended cutoff for sensitivity, including
Delayed Word Recall (O'Carroll et al. 1997) for AD versus
Depression and the NAB Daily Memory Delayed Recall
(Gavett et al. 2012) for AD versus Bnon-AD^ group, as well as

Fig. 6 Hierarchical summary receiver-operator characteristic (SROC)
curve for AD vs HC Delayed Recall measures. Conf.region = confidence
region at the 95th percentile
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RBANS – List Recall (McDermott and DeFilippis 2010),
RBANS – Delayed Memory Index (McDermott and
DeFilippis 2010) and delayed figure recall for AD versus VaD
(Matioli and Caramelli 2010). Only two of the nine tasks met the
recommended cutoff for specificity, including an EnhancedCued
Recall task (Esen Saka and Elibol 2009) for AD versus PD, and
the NAB Daily Living Memory – Delayed Recall (Gavett et al.
2012) for AD versus Bnon-AD.^

Three measures of recognition were included and all met
the recommended cutoff of 80% (ConsensusWorkgroup 1998)
for sensitivity, includingDelayedWord Recognition (O'Carroll
et al. 1997) for AD versus depression, RBANS-List
Recognition (McDermott and DeFilippis 2010) for AD versus
VaD, and CERAD or Auditory Verbal Learning Test (AVLT)
List Recognition (Schmidtke and Hüll 2002) for AD versus
small vessel disease. However, importantly, the specificity of
recognition measures was low (ranging from 47 to 66%), for
AD versus depression and VaD. A combined score of the
WMS-R Logical Memory II and Object Assembly (Oda
et al. 2009) for AD versus DLB had 81% sensitivity, and spec-
ificity falling just below the recommended cutoff at 76%. A
combined measure reflecting recall from both short- and long-
term memory on a selective reminding paradigm was below
suggested cutoffs for differentiating dementia due to AD and
HD (Paulsen et al. 1995). A second study (Troster et al. 1993)
examined accuracy for differentiating mild AD from mild HD
and moderate AD from moderate HD using the WMS-R
Logical Memory plus Visual Reproduction percent savings.
The moderate stage of the disease demonstrated good sensitiv-
ity (80%) and specificity (88%), whereas the mild stage of the
disease had good sensitivity (86%) but poor specificity (36%).

In general for AD versus other comparisons studies found
acceptable levels of sensitivity with low but varied specificity.
Of note, the study with the highest reported specificity (Gavett
et al. 2012) used a Bnon-AD^ combined group that included
healthy controls, MCI, dementia that was not AD, and ambigu-
ous non-MCI. This enabled Gavett and colleagues to have a
much larger sample relative to other studies and to evaluate spec-
ificity in terms of a broader neurological sample. Their findings
suggest that although specificity for Alzheimer’s dementia may
appear low when compared directly to other dementing condi-
tions, relative to a broader neurological sample, differentiation
based on objectivememory scores fares well. Additionally, when
considering individual measures, values for specificity or sensi-
tivity may appear low, yet differential diagnosis in the clinical
setting considers multiple measures and numerous factors in ad-
dition to neuropsychological test scores, likely resulting in better
specificity for differential diagnosis than values based on a single
memory score imply (see Fields et al. 2011 for discussion).

Importantly, clinicians often heavily weight recognition
scores as a differential for AD compared to other dementias.
Studies here indicate that it may be an erroneous assumption
that non-AD populations have better recognition than AD
patients. In addition to further exploration of the specificity
of recognition or cued-recall paradigms, future research in the
area of differentiating AD from other syndromes should also
examine list learning immediate free recall, as no studies were
found that included data for this type of measure.

MCI Versus HC

The literature review and PubMed search yielded 60 studies
that were deemed relevant based on our initial search criteria.
After a more careful review of each study, 22 were excluded
according to exclusionary criteria described in the method.
Online Resources (Table iii) present the remaining 38 studies.
Of the 38 studies, one study explicitly stated using the measure
of interest in combination with other measures and diagnostic
methods to diagnose MCI (Yassuda et al. 2010) and one study
is presumed to have used the measure of interest to diagnose
MCI (Karantzoulis et al. 2013). Additional studies have un-
clear diagnostic methods and do not explicitly state whether
the measures of interest were used to diagnose individuals with
MCI (Baek et al. 2012, 2011; Clark et al. 2010; Gavett et al.
2012; Karrasch et al. 2005; Lekeu et al. 2010; Lemos et al.
2014; Saka et al. 2006). Two studies by the same group of
authors used separate samples of MCI participants (they report
non-overlapping recruitment dates) but the same HC partici-
pants (Baek et al. 2012, 2011). Although we still report on
these studies separately, the use of the same HC group may
increase the similarity of diagnostic accuracy values between
the studies. Most studies reported the cutoffs used to determine
sensitivity and specificity values, however, seven studies did
not (Lekeu et al. 2010; Loewenstein et al. 2004; Rabin et al.
2009; Serna et al. 2015; Shankle et al. 2005). Only two studies
reported 2 × 2 data in addition to sensitivity and specificity
values (Junkkila et al. 2012; Troyer et al. 2008). Almost all
of the 38 studies (k = 36) used well-establishedMCI diagnostic
criteria (Albert et al. 2011; Petersen et al. 1999; Petersen et al.
2001; Petersen 2007, 2004; Portet et al. 2006; Winblad et al.
2004). One study classified individuals with MCI based on
NINCDS-ADRDA criteria for diagnosis of Alzheimer’s dis-
ease, but without functional impairment (Loewenstein et al.
2006). A second study used the Clinical Dementia Rating
(CDR) scale to diagnose MCI (Shankle et al. 2005).

Overall, when examining the data both qualitatively and
quantitatively for a subset of the measures applied to the me-
ta-analysis, sensitivity and specificity values for differentiat-
ing between individuals with MCI versus healthy elderly con-
trols are lower than the suggested minimum cutoffs of 80%
sensitivity and specificity recommended for differentiating
AD patients from HC participants and other dementias

�Fig. 7 Hierarchical summary receiver-operator characteristic (SROC)
curve for AD vs HC for subclasses of Delayed Recall measures.
Conf.region = confidence region at the 95th percentile
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(Consensus Workgroup 1998), and generally lower than the
values for AD versus HC reported in the present literature
review and meta-analyses. We use the qualifier Badequate^
to refer to sensitivity and specificity values ≥70%.

Immediate Memory Seventeen data points contributed to the
evaluation of immediate recall measures in differentiating
MCI from HC (Table 4, Fig. 8). Overall, these measures dem-
onstrated adequate diagnostic accuracy with values lower than
the recommended minimum cutoff, but just above 70% for
sensitivity (Se = .72, 95% CI [.63, .79]) and just at the cutoff
recommended by the Consensus Workgroup (1998) for de-
tecting AD for specificity (Sp = .81, 95% CI [.75, .85])
(Table 4). Visual inspection of the forest plots (Fig. 8) and
SROC curves (Fig. 9) further suggests adequate diagnostic
accuracy for differentiating MCI from healthy controls, but
values are much lower than for AD vs HC comparisons.

To assess for potential bias in studies where the measures
examined were also used to diagnose participants with MCI,
we classified all 17 data points according to whether or not the
measure was used to diagnose participants. A total of 13 studies
did not use the measure under examination for diagnosis of
participants, with 1 study using the measure for diagnosis and
the remaining 3 studies being unclear as to how themeasure was
used in participant diagnosis. A meta-analysis of the 13 studies
not using the measure for diagnosis was conducted (Table 5),
indicating that the immediatememory recall measures continued
to display adequate diagnostic accuracy for differentiating MCI

from HC with values remaining lower than the suggested min-
imum cut-off for sensitivity (Se = .73, 95% CI [.63, .81]) and at
the specificity cutoff recommended by the Consensus
Workgroup (1998) for detecting AD (Sp = .80, 95% CI [.75,
.85]). Visual inspection of the forest plots and SROC curves
(Supplemental Figures xxi and xxii) supports this conclusion.

For immediate memory recall subclasses, all types of mea-
sures displayed at least adequate sensitivity and specificity
(Table 4; List Free Recall Se = .72, 95% CI [.62, .81],
Sp = .81, 95% CI [.75, .86]; Story Free Recall Se = .74,
95% CI [.50, .89], Sp = .74, 95% CI [.60, .84]; List Cued /
Selective Reminding Se = .74, 95% CI [.54, .87], Sp = .84,
95% CI [.73, .90]). Visual inspection of the SROC curves for
Immediate List Free Recall, Immediate Story Free Recall, and
List Cued / Selective Reminding tests (Fig. 10) confirm that
these measures display adequate (at least greater than 70%)
diagnostic accuracy for differentiating MCI from healthy con-
trols. Forest plots for subclass analyses are presented in Online
Resource (Figures x-xii). Many of the studies reporting on
immediate story recall also report sensitivity and specificity
for immediate recall of word lists. In general, comparing story
recall to list recall within each study revealed a trend of better
sensitivity and specificity values for immediate list recall com-
pared to immediate story recall (e.g., Baek et al. 2012; Blanco-
Campal et al. 2009; Duff et al. 2010).

Three additional studies investigated measures of immedi-
ate memory that do not fall into any of the above mentioned
categories. Loewenstein et al. (2006) investigated the

Table 4 Meta-analyses of immediate recall measures for Mild Cognitive Impairment vs. healthy controls

Univariate Analysis Immediate Recall
Measures

Immediate List
Free Recall

Immediate Story
Free Recall

Immediate List
Cued/Selective Reminding

k 17 13 6 3

Equality of sensitivities χ2(16) = 104.82
p. < .0001

χ2(12) = 84.60
p. < .0001

χ2(5) = 92.32
p. < .0001

χ2(2) = 7.10
p. = .029

Equality of specificities χ2(16) = 74.25
p. < .0001

χ2(12) = 56.41
p. < .0001

χ2(5 = 29.98
p. < .0001

χ2(2) = 2.40
p. = .301

Rho (Se and false positive rate correlation)
(95% CI)

.11
(−.39, .56)

.37
(−.23, .76)

.38
(−.63, .91)

NA

DOR (95% CI) 11.19
(6.76, 18.53)

12.76
(7.53, 21.64)

8.55
(2.86, 25.54)

14.26
(4.22, 48.26)

Cochran’s Q Q(16) = 15.99
p. = .453

Q(12) = 13.34
p. = .345

Q(5) = 4.40
p. = .494

Q(2) = 2.70
p. = .259

Tau (95% CI) .90
(0.00, 1.19)

.77
(0.00, 1.47)

1.25
(0.00, 2.78)

.93
(0.00, 8.23)

Tau-squared (95% CI) .82
(0.00, 1.41)

.59
(0.00, 2.16)

1.57
(0.00, 7.71)

.87
(0.00, 67.79)

Meta-analysis

Sensitivity (95% CI) .72
(.63, .79)

.72
(.62, .81)

.74
(.50, .89)

.74
(.54, .87)

Specificity (95% CI) .81
(.75, .85)

.81
(.75, .86)

.74
(.60, .84)

.84
(.73, .90)
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diagnostic accuracy of the WMS-III immediate recall portion
of Visual Reproduction and report 44% sensitivity and 91%
specificity. Gavett et al. (2012) reports sensitivity (86%) and
specificity (90%) values above the suggested minimal cutoff

of 80% (1998) for the immediate recall portion of NAB Daily
LivingMemory, which investigates memory for common dai-
ly information (e.g., medications, addresses). Duff et al.
(2010) reported low sensitivity (35%) but good specificity
(85%) on a combined memory score from the RBANS (im-
mediate memory scores for list and story).

Overall, although the majority of studies that investigate
the diagnostic accuracy of immediate memory measures do
not exceed the suggested minimum cutoff of 80% put forth by
the Consensus Workgroup (1998) for differentiating between
AD and HC, many exceed 70% sensitivity and specificity.

Delayed Memory Twenty-two data points contributed to the
evaluation of delayed recall measures in differentiating MCI
from HC (Table 6, Fig. 11). Overall, these measures demon-
strated adequate diagnostic accuracy with values below, but
approaching the recommended cutoff of 80% proposed by the
Consensus Workgroup (1998) for sensitivity (Se = .75, 95%
CI [.69, .81]) and just above the cutoff for specificity
(Sp = .81, 95% CI [.77, .84]) (Table 6). Visual inspection of
the forest plots (Fig. 11) and SROC curves (Fig. 12) further
confirms adequate diagnostic accuracy of delayed recall mea-
sures for differentiating MCI from HC, with the values being
lower than for AD vs HC comparisons. Comparing the diag-
nostic accuracy of delayed word-list recall to immediate word-
list recall within studies reporting both types of measures did
not yield a consistent pattern with regards to one type of mea-
sure having higher diagnostic accuracy relative to another.

To assess for potential bias in studies where the measures
examined were also used to diagnose participants with MCI,
we classified all 22 papers according to whether or not the
measure was used to diagnose participants. A total of 16 stud-
ies did not use the measure under examination for diagnosis of

Fig. 8 Paired forest plot MCI vs HC Immediate Recall measures. MCI: Mild Cognitive Impairment, HC: healthy controls, TP: true positive, FP: false
positive, FN: false negative, TN: true negative. Conf.region = confidence region at the 95th percentile

Fig. 9 Hierarchical summary receiver-operator characteristic (SROC)
curve for MCI vs HC Immediate Recall measures
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participants, with 1 study using the measure for diagnosis and
the remaining 5 studies being unclear as to how themeasure was
used in participant diagnosis. A meta-analysis of the 16 studies
not using the measure for diagnosis was conducted (Table 5),
indicating that the delayedmemory recall measures continued to
display adequate diagnostic accuracy for differentiating MCI
from HC with values remaining lower than the suggested min-
imum cut-off for sensitivity (Se = .76, 95% CI [.68, .82]) and at
the cutoff recommended by the Consensus Workgroup (1998)
for detecting AD for specificity (Sp = .81, 95% CI [.77, .85]).
Visual inspection of the forest plots and SROC curves
(Supplemental Figures xxiii and xxiv) supports this conclusion.

Forest plots for delayed memory recall subclasses are pre-
sented in Online Resources (Figures xiii-xvi, respectively).
All measures display sensitivity values below the recommend-
ed cutoff (generally in the adequate range), although several
specificity values fall above the recommended cutoff (List
Free Recall Se = .73, 95% CI [.64, .81], Sp = .83, 95% CI
[.77, .88]; Story Free Recall Se = .74, 95% CI [.56, .86],
Sp = .79, 95% CI [.70, .85]; List Cued / Selective
Reminding Se = .72, 95% CI [.58, .82], Sp = .85, 95% CI
[.76, .91]; Visual Recall Se = .69, 95% CI [.33, .91], Sp = .82,
95% CI [.64, .92]). Visual inspection of the SROC curves for
the delayed recall subclasses (Fig. 13) confirm that all mea-
sures display adequate diagnostic accuracy for differentiating
MCI from HC. However, it is important to note that threshold
effects were apparent for list cued / selective reminding (as
evidenced by the forest plot and rho correlation). Comparing

the diagnostic accuracy of delayed story recall to immediate
story recall in studies that examined both revealed an overall
pattern of improved or comparable sensitivity and/or specific-
ity for delayed story recall compared to immediate story recall.

There were an insufficient number of studies (<3) found for
inclusion in a meta-analysis for a few types of measures. Of
the two studies investigating the sensitivity and specificity of
verbal retention scores (list or story), only one of the four
measures (RBANS List Learning Retention; Clark et al.
2010) exceeded the suggested 80% cutoff (1998). The other
tasks report specificity values above 80% but sensitivity
values below 70%. Comparing measures within the same
study revealed a pattern of superior sensitivity for recall scores
relative to scores of retention belonging to the same measure
(e.g. CERAD Word List; Blanco-Campal et al. 2009).
Similarly, comparing within two studies (Lemos et al. 2015;
Park et al. 2016) that investigated both immediate and delayed
conditions of cued or selective reminding paradigms showed
mixed results. Improved sensitivity and specificity values
were reported by Park et al. (2016) for delayed conditions of
the RI-24 (adapted from the RI-48) compared to immediate
conditions. Lemos et al. (2015) reported comparable values
between the immediate and delayed conditions of the FCSRT
in Portuguese.

Within the BOther Delayed Recall^ category, two of the
three studies examined the Delayed Memory Index of the
RBANS (Duff et al. 2010; Karantzoulis et al. 2013). Both
report specificity that exceeds the 80% suggested minimum

Table 5 Sensitivity analyses of
Mild Cognitive Impairment vs.
healthy control studies where the
measure of interest was not used
in participant diagnosis

Univariate Analysis Immediate Recall Measures Delayed Recall Measures

k 13 16

Equality of sensitivities χ2(12) = 87.65

p. < .0001

χ2(15) = 133.69

p. < .0001

Equality of specificities χ2(12) = 48.96

p. < .0001

χ2(15) = 71.99

p. < .0001

Rho (Se and false positive rate correlation)

(95% CI)

.08

(−.49, .60)
.04

(−.47, .52)
DOR (95% CI) 11.69

(6.60, 20.70)

14.53

(8.03, 26.29)

Cochran’s Q Q(12) = 11.34

p. = .50

Q(15) = 8.16

p. = .917

Tau (95% CI) .89

(0.00, 1.27)

1.09

(0.00, .64)

Tau-squared (95% CI) .80

(0.00, 1.61)

1.18

(0.00, .41)

Meta-analysis

Sensitivity (95% CI) .73

(.63, .81)

.76

(.68, .82)

Specificity (95% CI) .80

(.75, .85)

.81

(.77, .85)
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cutoff (Consensus Workgroup 1998), but sensitivity was var-
iable, with only one (Karantzoulis et al. 2013) demonstrating
adequate sensitivity (72%). Methodological differences be-
tween the two studies may account for this difference.
Specifically, although not explicitly stated, it is presumed that
Karantzoulis et al. (2013) used the RBANS to diagnose indi-
viduals with MCI. This circularity in methodology has the
potential of inflating scores of sensitivity. Comparatively,
Duff et al. (2010) explicitly did not use the RBANS to diag-
nose individuals with MCI and found much lower sensitivity

on this measure (56%). Comparable with Gavett et al.’ (2012)
examination of immediate recall of the NAB Daily Living
Memory measure, the delayed recall trial yielded sensitivity
and specificity values exceeding the suggested minimum cut-
off of 80% (97% and 88%, respectively).

In summary, the values for sensitivity and specificity of
delayed recall measures were significantly lower for differen-
tiating MCI and HC than AD and HC, and often did not meet
suggested minimum cutoffs (Consensus Workgroup 1998).
However, a majority of the values reported within the meta-

Fig. 10 Hierarchical summary receiver-operator characteristic (SROC) curve forMCI vs HC for subclasses of Immediate Recall measures. Conf.region
= confidence region at the 95th percentile
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analyses as well as our qualitative review exceeded sensitivity
and specificity levels of 70%.

Associative Learning Eight studies reporting on fourteen
different measures of associative learning were found
through the literature search. These studies are qualitatively
reviewed. Four measures exceeded suggested minimum cut-
offs of the consensus report (1998). Wang et al. (2013) ex-
amined the Modified Spatial Context memory Test
(SCMT).8 The authors report strong sensitivity and specific-
ity for the total score and the event-place association mem-
ory subtest (97% and 93% for total score, and 97% and
100% for subtest). A measure of associative memory inves-
tigated by Pike et al. (2013), the WMS-IV VPA delayed
score, also exceeded suggested cutoffs for sensitivity and
specificity. Finally, Troyer et al. (2008) report sensitivity
and specificity for the Brief Visual Memory Test –
Revised (BVMT-R) Object Location Recall9 test (Benedict,
1997). In the case of the Troyer et al. study, an association
score was derived separately from an accuracy score in order
to examine associative learning independent of accuracy.

The authors report 86% sensitivity and 97% specificity for
the association score. Troyer et al. also examined sensitivity
and specificity of Digit Symbol Incidental Recall.10 They
report specificity of 90% which exceeded the minimum cut-
off of 80%, and sensitivity of 76%.

In summary, tasks of associative learning varied widely in
their sensitivity and specificity for distinguishing between
older adults with MCI and HC participants. Only eight of
fourteen measures are reported to have sensitivity and speci-
ficity that both exceed even 70%. Overall, studies that inves-
tigated the sensitivity and specificity of the same measure in
AD versus HC report higher values than MCI versus HC.

Other Memory Measures This section is mainly comprised
of studies that investigated the diagnostic accuracy of recog-
nition and combined/interference scores. Additionally, three
studies are included in the Bmiscellaneous^ portion of the
Online Resource (Table iii), two of which report on prospec-
tive memory measures (Blanco-Campal et al. 2009; Delprado
et al. 2012) and one of which reports diagnostic accuracy
scores stratified by education groups (Yassuda et al. 2010).

Six studies investigated the diagnostic accuracy of recog-
nition measures. Only one study by Rabin et al. (2009) report
sensitivity (92%) and specificity (84%) values that exceed the8 This test examines associative memory of spatial location, event-place asso-

ciation, and place-object association memory.
9 During this test, participants are asked to re-create a 2 by 3 array of six simple
geometric figures after three 10 s learning trials. Points are awarded for accu-
racy and correct object placement.

10 During this task participants are asked to recall the associated symbol of
nine numbers that they initially learn through a coding task (WAIS-III Digit
Symbol; (Wechsler 1997)).

Table 6 Meta-analyses of delayed recall measures for Mild Cognitive Impairment vs. healthy controls

Univariate Analysis Delayed Recall
Measures

Delayed List
Free Recall

Delayed Story
Free Recall

Delayed List
Cued/Selective
Reminding

Delayed Visual
Recall

k 22 15 8 5 3

Equality of sensitivities χ2(21) = 160.59
p. < .0001

χ2(14) = 105.45
p. < .0001

χ2(7) = 138.44
p. < .0001

χ2(4) = 15.65
p. = .004

χ2(2) = 40.64
p. < .0001

Equality of specificities χ2(21) = 93.22
p. < .0001

χ2(14) = 75.94
p. < .0001

χ2(7) = 39.23
p. < .0001

χ2(4) = 7.96
p. = .093

χ2(2) = 18.73
p. = < .0001

Rho (Se and false positive rate correlation)
(95% CI)

.22
(−.22, .59)

.02
(−.50, .52)

.36
(−.46, .85)

.64
(−.56, .97)

NA

DOR (95% CI) 13.61
(8.63, 21.45)

14.31
(8.14, 25.16)

11.00
(4.62, 26.19)

15.23
(9.49, 24.43)

11.01
(4.35, 27.87)

Cochran’s Q Q(21) = 11.71
p. = .947

Q(14) = 14.71
p. = .398

Q(7) = 5.03
p. = .656

Q(4) = 3.51
p. = .476

Q(2) = 1.91
p. = .385

Tau (95% CI) .95
(0.00, 0.39)

.96
(0.00, 1.40)

1.16
(0.00, 1.72)

0.00
(0.00, 1.63)

.66
(0.00, 4.95)

Tau-squared (95% CI) .91
(0.00, .15)

.92
(0.00, 1.95)

1.34
(0.00, 2.95)

0.00
(0.00, 2.64)

.44
(0.00, 24.48)

Meta-analysis

Sensitivity (95% CI) .75
(.69, .81)

.73
(.64, .81)

.74
(.56, .86)

.72
(.58, .82)

.69
(.33. .91)

Specificity) (95% CI) .81
(.77, .84)

.83
(.77, .88)

.79
(.70, .85)

.85
(.76, .91)

.82
(.64, .92)
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80% suggested minimum cutoff (ConsensusWorkgroup 1998),
for the recognition portion of WMS-III Logical Memory, al-
though the cut-off used was not reported. Only one of the re-
maining 5 studies report both sensitivity and specificity that
exceed 70% (Fuld Object Memory Evaluation; Loewenstein
et al. 2004). The remaining studies report sensitivity values of
74% or below and specificity values of 73% or below for word-
list recognition (Baek et al. 2012; Duff et al. 2010; Karrasch
et al. 2005), story recognition (Baek et al. 2012), or photograph
recognition (Ritter et al. 2006).

Overall, with the exception of two studies (Loewenstein
et al. 2004; Rabin et al. 2009), recognition measures do not
seem to provide strong diagnostic accuracy in distinguishing
betweenMCI and HC groups. MCI versus HC findings varied
with regards to sensitivity and specificity tradeoffs across rec-
ognition measures.

With regards to combined or interference scores, Shankle et al.
(2005) investigated the diagnostic accuracy of a weighted score
derived using correspondence analysis from the CERAD Word
List test, reporting both sensitivity (94%) and specificity (89%)
that exceed the minimum suggested cutoff. Of note, the authors
did not report the cutoff score used to derive these values, limit-
ing the clinical applicability of the results. Two studies by
Loewenstein et al. (2004, 2006) report sensitivity and
specificity for the Fuld Combined Interference score. The first
study by Loewenstein et al. (2004) reports sensitivity that nearly
met the 80% minimum recommended cutoff (Consensus
Workgroup 1998), while the second study (Loewenstein et al.

Fig. 11 Paired forest plot MCI vs HC Delayed Recall measures. MCI: Mild Cognitive Impairment, HC: healthy controls, TP: true positive, FP: false
positive, FN: false negative, TN: true negative

Fig. 12 Hierarchical summary receiver-operator characteristic (SROC)
curve for MCI vs HC Delayed Recall measures. Conf.region = confi-
dence region at the 95th percentile
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2006) reports lower sensitivity at 70%. Specificity was relatively
comparable between the two studies (87% and 91%

respectively). A study by Crocco et al. (2014) examined sensi-
tivity and specificity of the Loewenstein-Acevedo Scales of

Fig. 13 Hierarchical summary receiver-operator characteristic (SROC) curve for MCI vs HC for subclasses of Delayed Recall measures. Conf.region =
confidence region at the 95th percentile
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Semantic Interference and Learning (LASSI-L) task, which in-
volves free and cued recall of two different 15-item word lists
(see Crocco et al. for full task description). The authors report
high diagnostic accuracy for a combined score of List A and List
B cued recall (88% sensitivity and 92% specificity).

Two studies included in the BMiscellaneous^ category in-
vestigated the diagnostic accuracy of prospectivememorymea-
sures. Blanco-Campal et al. (2009) report sensitivity and spec-
ificity values (84% and 95% respectively) that exceed the min-
imum suggested cutoff of 80% (Consensus Workgroup 1998)
for one type of prospective memory score in which they asked
participants to say a category any time they see a word that
belongs to the category (Silly Sentences, Non-Specific condi-
tion). In a second condition in which participants are asked to
say a category any time they see one specific word (Silly
Sentences, Specific condition), the authors report lower sensi-
tivity (74%) but equally high specificity (95%). Delprado et al.
(2012) investigated twomeasures of prospectivememory. Both
scores on the Cambridge Prospective Memory Test
(CAMPROMPT)11 were found to have sensitivity and speci-
ficity ranging from 69 to 73%. A study by Yassuda et al. (2010)
investigated differences in sensitivity/specificity of the
Rivermead Behavioral Memory Test in Brazilian participants
with greater than or less than 8 years of education. In general,
scores are comparable across groups. Sensitivity is generally
low to adequate but is only slightly lower in the <8 years edu-
cation group than the >8 years education group (71% versus
69% respectively). Specificity is also relatively commensurate
between the groups (profile: 81% and 79%, respectively).

Discussion

Results revealed generally high sensitivity and specificity for
AD versus HC comparisons with values that were well above
the recommended 80% cutoff based on guidelines put forth by
the 1998 consensus report of the Working Group on Molecular
and Biochemical Markers of AD (1998). Reviewing measures
that differentiatedAD from other conditions yielded few studies
and mixed results, with generally high sensitivity in the context
of low or variable specificity. Examination of MCI versus HC
studies revealed generally lower sensitivity and specificity
across memory measures relative to that seen for AD versus
HC comparisons.

AD Versus HC

Meta-analytic results showed that measures of both immediate
and delayed memory tasks consistently demonstrated high

sensitivity and specificity values, especially those involving ver-
bal word list recall. It is possible that immediate memory may be
sufficient to support objective evidence of memory impairment
required for a clinical diagnosis of AD. Importantly, this is based
on studies focusing only on the distinction between AD and HC.
Studies included here typically have excluded other potential
causes of memory impairment. Only a handful of studies report-
ed sensitivity and specificity values for immediate and delayed
conditions within the same study. Within those, there was some
suggestion that story memory delayed recall may have higher
overall diagnostic accuracy relative to immediate recall. Future
studies directly comparing immediate versus delayed measures
in the same sample of participants will help to elucidate the
degree to which immediate memory measures may stand on
their own as diagnostically useful tools in clinical evaluations,
independent of delayed measures. It will be especially impor-
tant to include non-AD groups in such studies to determine
whether immediate memory can distinguish between alternative
disease etiologies as well as delayed memory given past liter-
ature using null hypothesis testing that suggests delayed recall
and recognition memory are important for differential diagnosis
(Bondi et al. 1996; Delis et al. 2005; Tierney et al. 2001).

Meta-analytic findings of cued and selective reminding
paradigms, visual free recall, delayed list retention and imme-
diate story free recall also yielded sensitivity and specificity
exceeding minimum suggested cutoff of 80% (Consensus
Workgroup 1998). However, there were a small number of
studies analyzed and caution is warranted in interpreting these
data. Further research is necessary to expound upon these
findings. Associative memory tasks also yielded promising
findings that exceed the minimum suggested cutoff of 80%
(Consensus Workgroup 1998). In contrast, qualitative exami-
nation of recognition memory tests frequently had low sensi-
tivity. However, specificity values of most recognition mem-
ory tasks were >80%, thus in combination with more sensitive
recall tasks, these may be clinically useful. Finally, combined
scores (e.g., recognition + delayed recall) demonstrated excel-
lent sensitivity and specificity in multiple studies (e.g. Shi
et al. 2012; Sotaniemi et al. 2012).

AD Versus Other Dementia/Disorders

Overall, studies investigating the ability of memory measures
to differentiate between AD versus Other dementias/disorders
yielded mixed results, with generally high sensitivity and var-
iable specificity across studies. Important to note is that in
making a differential diagnosis, clinicians consider numerous
factors, including multiple neuropsychological measures, psy-
chiatric measures, medical history, information from collateral
sources, and imaging data. Thus, the specificity of a particular
measure in conjunction with other sources is likely higher than
the specificity of the measure when considered on its own
(Fields et al. 2011).

11 Involves three time-based and three event-based prospective memory items
embedded within puzzles of attention (Delprado et al. 2012). Two scores can
be derived for this measure, an event-based score and a time-based score.
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Several other considerations arise when evaluating the
combined results of these studies. First, the Bother^ category
was heterogeneous across studies, covering conditions such as
vascular dementia, Huntington’s disease, and psychiatric ill-
nesses. Second, a variety of memory measures were reported
across studies. Third, few studies overall were identified as
belonging to this category in the present literature review.
Given the limited number of studies, and variability between
the populations investigated and the measures reported, we
were unable to perform meta-analyses. Furthermore, our abil-
ity to comment on, and generalize the results of the AD versus
Other category based on qualitative inspection of the data is
limited. Future research is needed to delineate the ability of
measures to accurately distinguish between AD and other
dementing conditions. Importantly, measures of diagnostic
accuracy, as opposed to mean group comparisons alone, need
to be included in these future studies.

MCI Versus HC

Results of studies comparing MCI versus HC groups yielded a
general pattern of lower sensitivity and specificity than values
reported by studies differentiating between AD versus HC, and
lower sensitivity values than the recommended cutoff of 80%
put forth by the Consensus Workgroup (1998) that are specifi-
cally suggested for AD versus HC comparisons. Of note, meta-
analytic results yielded sensitivity and specificity values for all
classes of memory measures ≥70%, and qualitative review of
other memory subtypes similarly generally exceeded this level.

There are several potential explanations for the lowered sen-
sitivity and specificity of neuropsychological memory measures
in distinguishing betweenMCI and HC compared to AD versus
HC. Individuals with MCI are less cognitively impaired than
individuals with AD, thus potentially lowering the ability of
measures to accurately distinguish between healthy and MCI
groups. This may, in part, reflect the psychometric properties
of some tests, with some displaying ceiling effects when used
in cognitively intact samples. This limitation of test construction
may contribute to a reduced sensitivity and specificity for detec-
tion of more mild or subtle forms of memory impairment. Thus,
developing tests with heightened sensitivity and specificity for
subclinical impairments is of critical importance.

The nature of the MCI construct and the variability with
which MCI is conceptualized and diagnosed across studies
likely also contributes to the lower diagnostic accuracy values
in the MCI versus HC comparison. Complicating matters is
that studies reported in the MCI versus HC comparison varied
with regards to their level of detail in explaining their diagnostic
methods and specific sample characteristics. Although studies
reported here generally used well-established MCI diagnostic
criteria, implementation of these criteria may differ widely be-
tween studies even when using the same diagnostic criteria. For
example, while some studies provided specific information

regarding the cutoff of impairment used to classify someone
as having objective cognitive impairment (e.g., at least one
memory measure <1.5 SD), others only generally stated that
they followed the accepted diagnostic criteria (e.g., Petersen
et al. 1999) without providing more detail. Similarly, some
studies provided details regarding their methods for assessing
functional abilities (e.g., activities of daily living assessments)
and subjective complaints, while others did not. This variability
between studies lends to the challenge in making cross-study
comparisons of measures. Future studies should explicitly re-
port the methods for diagnosing groups. This includes
discussing the assessment measures used in the diagnosis and
reporting the cutoff of impairment used to classify someone as
impaired on a measure or cognitive domain.

Related to this, variations in the cutoffs and required num-
bers of impaired test scores used to diagnoseMCI have resulted
in large differences in the prevalence of the disorder (Ganguli
et al. 2011; Jak et al. 2009). In addition, some individuals di-
agnosed with MCI revert back to normal, or never convert to
AD (Klekociuk et al. 2014; Mitchell and Shiri-Feshki 2009;
Summers and Saunders 2012), thus suggesting that these indi-
viduals may represent false positives and are not representative
of early Alzheimer’s dementia (Edmonds et al., 2015a). A po-
tential solution emerging from recent research is to use more
lenient cutoffs (e.g., <−1 SD), but to do so across multiple
cognitive measures (Jak et al. 2009; Klekociuk et al. 2014;
Summers and Saunders 2012). A recent meta-analysis by
Callahan and colleagues supports this conclusion. They found
that impairment (defined as <−1SD) on two episodic memory
measures predicted AD with 75.91% accuracy and the authors
recommend using these cutoffs in classifying episodic memory
impairments in MCI. In fact, the requirement that multiple tests
must evidence impairment (albeit at a lower cutoff of <−1 SD)
has resulted in more stable and reliable diagnoses (Bondi et al.
2014; Clark et al. 2013) because this decisional strategy obvi-
ates the base rate problem in aging populations (e.g., the rate of
impaired test scores in neurologically normal populations; see
Binder et al. 2009; Brooks et al. 2007).

Another source of variability lies in the etiological hetero-
geneity of MCI diagnoses. Individuals with MCI represent a
heterogeneous group with multiple underlying etiologies ac-
counting for cognitive impairment (Albert et al. 2011; Dubois
et al. 2010; Dubois et al. 2007). In studies that we reviewed,
28 studies explicitly stated the subtype of MCI under investi-
gation (e.g., amnestic MCI, multiple subtypes). Of these 28
studies, four included participants with non-amnestic MCI.
The remaining ten studies were more general and it is unclear
whether they limited their findings to amnestic MCI (aMCI)
or all MCI subtypes. This is an important distinction given the
increased likelihood of aMCIs developing AD compared to
non-amnestic subtypes (Fischer et al. 2007), and the lower
likelihood that non-amnestic MCI individuals will differ from
controls on memory measures. Collapsing across MCI
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subtypes may result in a sample of individuals with varying
etiologies, some of whom may develop other dementing con-
ditions. This inevitably dilutes the diagnostic accuracy of de-
tecting MCI using memory measures (Petersen 2004).
Reporting the subtypes included in the MCI sample, or ideally
stratifying results by subtype, will allow for more accurate
representation of a measure’s diagnostic utility. Additionally,
biomarker support of an Alzheimer’s etiology or longitudinal
designs that confirm future cognitive decline or eventual pro-
gression to AD will provide more accurate diagnostic accura-
cy statistics. In general, the studies presented here did not
provide biomarker confirmation of MCI due to AD.
Importantly, only four (De Jager et al. 2003; Lekeu et al.
2010; Rabin et al. 2009) of the 38 studies reviewed provided
follow-up information regarding rates of progression from
MCI to AD. None of these four studies report differences in
diagnostic accuracy of measures stratified by Bconverters^
and Bnon-converters,^ although one study reports sensitivity
and specificity values for predicting progression to AD (Rabin
et al. 2009). Future studies with longitudinal designs and ad-
equate power should do this as it would strengthen the validity
of the diagnostic accuracy findings.

Qualitative Patterns across Types of Memory Measures

Although it is problematic to make relativistic comparisons
across memory measures based on meta-analytic results given
that different samples, methodologies, and measures were used
across the studies, we highlight qualitative patterns we ob-
served across measures and diagnostic categories in order to
summarize the vast number of studies reported in the present
review. Such comparisons should be interpreted with caution as
they may be overly simplistic, although our qualitative review
results above include discussion of these comparisons within
the same study when possible. Within the AD versus HC stud-
ies, measures of immediate and delayed recall showed relative-
ly equal sensitivity and specificity values (>80%).
Comparisons of measures of immediate and delayed recall
within MCI versus HC studies that examined both types of
measures revealed a subtle trend for comparable or higher sen-
sitivity and/or specificity for delayed recall measures compared
to immediate recall. Word list recall scores generally showed
higher diagnostic accuracy relative to story recall, retention
scores, and recognition measures in both MCI and AD when
compared within the same study (Baek et al. 2012; Blanco-
Campal et al. 2009; Duff et al. 2008; Salmon et al. 2002).

Cued and selective reminding paradigms also had above-
cutoff (i.e., ≥80%) sensitivity and specificity for differentiat-
ing between AD and HC. Although fewer studies examined
these tasks in MCI and HC comparisons, studies that did gen-
erally showed adequate sensitivity and/or specificity (i.e.,
≥70%). Carlesimo et al. (2011) also cited encouraging results
in support of the diagnostic utility of cued and selective

reminding paradigms in differentiating between AD and
other forms of dementia, as well as their ability to predict
MCI to AD conversion. In contrast, in a broad review of
measures that predict conversion from MCI to AD, Gainotti
et al. (2014) discuss inconsistent findings in the literature re-
garding the ability of cued recall tests to discriminate between
MCI and AD patients, and MCI and HC participants. The
authors conclude that cued recall paradigms are not necessar-
ily better at predicting conversion fromMCI to AD than mea-
sures of free recall. One possible reason for differences be-
tween studies is that cued paradigms are often vulnerable to
ceiling effects, thus increasing the likelihood that those
performing even slightly below ceiling renders an Bimpaired^
performance and in turn improving sensitivity and specificity
of these measures in some instances (AD versus HC) but not
others (MCI versus HC). Given promising findings from the
present review, more studies are certainly needed to evaluate
the diagnostic accuracy and predictive utility of cued recall
and selective reminding paradigms.

Associative learning tasks also emerged as having above-
cutoff (≥80%) sensitivity and specificity in differentiating be-
tween AD and HC. This was generally not the case for studies
investigating associative learning inMCI versus HC, although
there is substantial heterogeneity of the measures reported in
this subcategory and thus directly comparing across studies of
associative memory is inherently problematic. Nevertheless,
one possible conclusion is that associative learning may be
less clinically useful for detecting early cognitive changes
associated with AD. However, as discussed above, it is possi-
ble that the MCI studies presented also included individuals
with non-Alzheimer’s etiologies (e.g., individuals with non-
amnestic MCI who by definition do not have a memory im-
pairment), thus making it more difficult to differentiate be-
tween MCI and HC with memory tests. Currently, there are
studies (Troyer et al. 2012; Turriziani et al. 2004; Yonelinas
et al. 2001) pointing to the relationship between associative
learning and known early changes in medial temporal lobe
functioning and related structures. Based on this strong theo-
retical base and current findings showing some measures of
associative memory with high sensitivity and specificity for
differentiating MCI and HC, more research into associative
learning as a helpful tool for early detection of preclinical
AD is needed (see Lowndes and Savage 2007 for review).
The diagnostic accuracy of recognition memory in MCI ver-
sus HC also fell below recommended cutoffs. Either more
sophisticated and difficult recognition paradigms need to be
implemented within this population, or results should focus on
measures of recall for pre-dementia groups.

Role of Neuropsychology as a Cognitive Biomarker of AD

The current results highlight the utility of neuropsychological
measures of memory as valid cognitive biomarkers of AD.
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Neuropsychological tests appear to meet all of the features of
an ideal diagnostic test, as put forth by the 1998 Consensus
Workgroup. Specifically, they are largely reliable (but see
Calamia et al. 2013 for exceptions), non-invasive, simple to
perform, inexpensive, and neuropathologically validated (e.g.,
Kanne et al. 1998; Naslund et al. 2000). Furthermore, the
results of this review confirm that many neuropsychological
tests of memory are also precise. They are highly sensitive and
specific in differentiating between patients with AD and
healthy elderly controls. The ranges of sensitivity and speci-
ficity reported by many of the studies reviewed are compara-
ble if not superior to those of other validated biomarkers. A
review and meta-analysis by Bloudek et al. (2011) reported
sensitivity and specificity values for widely accepted bio-
markers. Studies reviewed included cerebrospinal fluid
(CSF) biomarkers such as Aβ42, phosphorylated tau, total
elevated tau, Aβ42 + Tau, and imaging methods included
Fluorodeoxyglucose (FDG) Positron Emission Tomography
(PET), single photon emission computed tomography
(SPECT), and magnetic resonance imaging (MRI) studies.
The authors report sensitivity values ranging from 80% to
90% and specificity values ranging from 82% to 90% in dif-
ferentiating AD from non-demented controls. These values
are in line with many of the memory measures reported in
the current review for differentiating between AD and HC,
especially immediate and delayed list free recall. With regards
to differentiating AD from non-AD or other dementias,
Bloudek et al. (2011) report sensitivity ranging from 73% to
93% and specificity ranging from 67 to 81%. The specificity
of these biomarkers may be higher for differentiating AD from
other dementias relative to memory measures based on the
limited studies available in this review. Similar to what has
been outlined in the appropriate use criteria for amyloid im-
aging (Johnson et al. 2013a, b), this finding suggests a poten-
tial clinical role for biomarkers when clinical history and neu-
ropsychological testing are atypical for a suspected AD pro-
cess. Importantly, these appropriate use criteria highlight that
the clinical use of biomarker studies such as amyloid imaging
is inappropriate if the cognitive complaint has not been
objectively confirmed, ideally through neuropsychological
evaluation.

Diagnostic imaging techniques and CSF biomarkers are
not without their limitations. CSF biomarkers and PET
imaging are invasive and expensive. McKhann et al. (2011)
discuss their reasoning for not advocating the use of AD bio-
marker tests for routine diagnostic purposes, mainly citing the
limited standardization of biomarkers across clinical settings
and limited access to biomarkers across community settings.
Additionally, one of the most commonly used tracers in re-
search studies, (11)carbon-labeled Pittsburgh Compound-B
(11C–PIB-PET) that is thought to bind to brain fibrillar Aβ
deposits, has a short half-life, limiting its clinical use. As a
result, several alternative radiopharmaceuticals have been

developed, including [F-18] florbetapir. Florbetapir, which
was approved by the Food and Drug Administration (FDA)
in April 2012 and has been shown to correlate highly with
11C–PIB-PET (Johnson et al. 2013a, b).

Cerebro-spinal fluid and imaging biomarkers are also sub-
ject to false positives (low specificity). This is especially true
for amyloid imaging, in which a positive scan alone does not
indicate definite early Alzheimer’s disease. One review study
(Perani et al. 2013) found Amyloid PET to have an average
sensitivity of 91%, with specificity values ranging widely
(41–99%), suggesting that a positive PET scan does not nec-
essarily indicate AD (high false positives). Consistent with
this notion, Petersen et al. (2013) reported that none of the
MCI subjects with only a positive amyloid scan (without ev-
idence of neurodegeneration) progressed to dementia after
12–15 months. A recent case study reported a positive amy-
loid scan in a patient with dementia but without any neurofi-
brillary tangles or amyloid plaques at autopsy (Ducharme
et al. 2013), highlighting that other etiologies, particularly
cerebral amyloid angiopathy and Lewy bodies (Edison et al.
2008), can underlie a positive scan. Also, a recent Cochrane
systematic review (Zhang et al. 2014) that used a reference
standard of progression from MCI to Alzheimer’s dementia
concluded that 11C–PIB-PET, despite showing promise, could
not be recommended for routine use in clinical practice given
methodological variation across studies.

Neuropsychological testing has several benefits over CSF
biomarkers and diagnostic imaging. Aside from testing fa-
tigue, neuropsychological testing is non-invasive and has min-
imal negative effects. Additionally, neuropsychological test-
ing is more accessible and less expensive than many of the
CSF and imaging biomarkers currently available to clinical
settings. Another advantage of neuropsychological testing is
that a negative neuropsychological exam can rule out MCI or
AD, and a positive exam in combination with a typical clinical
neurological exam is often sufficient to diagnose AD andMCI
(i.e., the core clinical criteria described by McKhann et al.
2011 and Albert et al. 2011, respectively). Supplemental bio-
markers in more difficult or unusual cases may be helpful, for
example if there are confounds (e.g., low education, cultural
factors) or the possibility for a non-AD dementia (Johnson
et al. 2013a, b; Laforce and Rabinovici 2011). In contrast,
individuals with normal neuropsychological profiles can be
found to be amyloid positive based on amyloid PET or CSF
studies and many individuals with pathological diagnoses of
AD at autopsy do not carry a clinical diagnosis in life (Davis
et al. 1999; Hardy and Selkoe 2002). In addition, debate con-
tinues as to whether amyloid alone is sufficient for the devel-
opment of AD (Herrup 2015). Positive amyloid findings (or
even the general disclosure of one’s genetic susceptibility via
APOE genotype) can be very distressing for individuals
(Lineweaver et al. 2014), and may cause undue harm and
iatrogenic effects. For ethical reasons and psychological
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well-being, until there are available treatments for individuals
who are amyloid positive that can prevent further progression,
biomarker testing is suggested to be reserved for individuals
with neuropsychological evidence of MCI or dementia.

Like CSF or plasma biomarkers, neuropsychological tests
have also been shown to be sensitive to differences in under-
lying pathologies between dementing conditions. For exam-
ple, patterns of performance across neuropsychological tests,
as well as within the same test (e.g., CVLT, Delis et al. 1991),
have been shown to differ in patients with cortical dementias
such as AD and subcortical dementias such as vascular de-
mentia (e.g., Delis et al. 1991; Graham et al. 2004; Looi and
Sachdev 1999). However, these studies examined differences
in mean performance between groups and did not report diag-
nostic accuracy statistics. In our review of AD versus Other
studies, many memory measures were adequate at identifying
AD (high sensitivity) but weaker at differentiating AD from
non-AD cases (low specificity), suggesting that memory mea-
sures may not provide the strongest diagnostic utility when
differentiating between dementia types. Again, it is important
to note that few studies were reviewed in the AD versus Other
category and more research is needed to make generalizations
regarding the ability of different neuropsychological measures
of memory and other cognitive domains to accurately distin-
guish between AD and other dementias.

As the knowledge of useful biomarkers in AD rapidly ex-
pands, clinical trials for individuals with MCI or preclinical
AD who are biomarker positive are already underway.
Inclusion of these individuals helps to increase the confidence
that participants included in the clinical trial will eventually
progress to AD. Doing so is critical as clinical trials seek to
alter the pathophysiological trajectory of Alzheimer’s disease.
In the studies reviewed presently, none of the MCI versus HC
studies and only one of the AD versus HC studies (Ewers et al.
2012) included CSF or imaging biomarkers as part of their
diagnostic accuracy reports. Nevertheless, neuropsychologi-
cal measures may also play a role in preselecting individuals
at highest risk for future development of Alzheimer’s demen-
tia. Currently, the FDA support the use of cognition as an
outcome measure in clinical trials of preclinical AD (Food
and Administration 2013). Identification of early cognitive
markers that can assist in targeted recruitment of these indi-
viduals and use of reliable cognitive outcomes to precisely
track their cognitive course is paramount. Results of the pres-
ent reviewmay be helpful for identifying the types of memory
measures that may hold promise for detection of preclinical
AD and for tracking cognitive change over time, and for
avoiding measures with low sensitivity to MCI and AD that
would likely perform poorly for this purpose. Future studies
may consider combining CSF or imaging biomarkers with
neuropsychological memory measures, which may further
strengthen the confidence that individuals selected for clinical
trials are at high risk of developing AD.

Recommendations

In order to advance the field of clinical neuropsychology and
highlight the utility of neuropsychological measures as cogni-
tive biomarkers of AD, future neuropsychological studies
should emphasize diagnostic validity statistics in addition to,
or in place of, null hypothesis testing. This will promote the
ongoing use of routine neuropsychological testing to aid in
early identification and diagnosis of MCI and AD, as the
broader Alzheimer’s research field incorporates and relies up-
on biomarkers with increased frequency. Over the past 15–
20 years, there has been a marked increase in the number of
studies of neuropsychological measures that incorporate diag-
nostic accuracy statistics into their findings. As this continues
to become increasingly commonplace, it is important that
studies follow important standards for reporting diagnostic
accuracy statistics. Through the STARdem initiative
(Standards for the Reporting of Diagnostic Accuracy
Studies, international consensus process on reporting stan-
dards in dementia and cognitive impairment), Noel-Storr
et al. (2014) discuss guidelines, encompassed within four cen-
tral areas, to which studies reporting diagnostic statistics
should adhere. With regards to the first area, Bstudy
population,^ the authors suggest that reports should address
whether their sample was representative of the larger popula-
tion, otherwise the test accuracy may be over- or
underestimated. The second area refers to the Breference
standard.^ The authors discuss that inconsistently applied ref-
erence standards can lead to difficulty effectively evaluating
performance of a test across studies. Third, Bcircularity^ refers
to use of the test under evaluation as part of the reference
standard. At the very least, the authors recommend that re-
search reports should make clear that such bias exists in their
study. Finally, test-retest Breliability^ of measures should be
made clear in research reports of diagnostic accuracy statistics.
The authors provide a 25-item checklist that further breaks
down these four areas (see Noel-Storr et al. 2014).

Many of the 76 studies reported in the current review failed
to meet one or more of the guidelines recommended by
STARDem (Noel-Storr et al. 2014). Approximately 7% of
the total studies reviewed (5/76 studies) used the measure of
interest as part of the reference standard, introducing circular-
ity and potentially inflating sensitivity and specificity find-
ings. An additional 21% (16/76 studies) did not specify
whether or not they did so, thus making it difficult to know
whether values reported are truly representative. However,
primary meta-analytic results did not change when we restrict-
ed the current meta-analysis to those studies that specifically
did not use the measure of interest for diagnosis, which sug-
gests that incorporation bias did not drive the current findings.
Regardless of whether the specific index memory measure
was also used as a reference measure for diagnostic purposes,
the issue of circularity is still relevant for studies investigating
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diagnostic accuracy of memory measures. Future studies
would also benefit from additional investigation of the poten-
tial influence of study quality on results of similar qualitative
reviews and meta-analyses by incorporating formal checklists
such as the Quality Assessment of Diagnostic Accuracy
Studies tool (QUADAS-2;Whiting et al. 2011) to better quan-
tify study quality (Reitsma et al. 2009).

Related to STARDem’s recommendation for research re-
ports to include test-retest reliability information, some mem-
ory measures have less than optimal test-retest reliability (see
Calamia et al. 2013). This is an important consideration, as
lower reliability can place a ceiling on validity and reduce
statistical power, thus attenuating classification accuracy sta-
tistics (Dennis et al. 1997; Ellis 2010). Consequently, it is
possible that the diagnostic accuracy values reported in this
study are deflated due to suboptimal reliability of some mea-
sures. At the very least, studies reporting classification accu-
racy should discuss the test-retest reliability of their measures
of interest. This was not done for most of the studies reported
in the present review. More broadly, neuropsychologists
should consider the importance of test-retest reliability when
developing new assessment tools. Improving reliability of
memorymeasures may yield improved classification accuracy
and validity coefficients.

Also important in studies of diagnostic accuracy is justifi-
cation and reporting of the cut-off used (Noel-Storr et al.
2014), either optimal or conventional, to derive the sensitivity
and specificity values. In our review of the literature, 14/76
(18%) of the studies across the three comparisons did not
report cut-off scores. This limits the clinical applicability and
replication of such findings. Relatedly, many studies reported
optimal cut-offs obtained through ROC analyses, allowing for
optimization of sensitivity and specificity values. Although
informative in many ways, this limits the generalizability of
findings and their clinical applicability. Studies that imple-
mented conventional cutoffs have the benefit of being clini-
cally applicable and replicable in future research reports. Also
potentially limiting generalizability and clinical applicability
is the fact that sensitivity and specificity values do not reflect
base rates of disorders under consideration. Sensitivity and
specificity values should only be applied to diagnostic classi-
fication decisions at the individual level in the context of rel-
evant base rates of the condition of interest by converting
sensitivity and specificity values to positive and negative pre-
dictive values (see Gavett et al. 2012; Smith et al. 2008 for
review).

Another consideration for future studies reporting on diag-
nostic accuracy of neuropsychological measures is including
sensitivity and specificity as a key term. As part of their rec-
ommended checklist for reporting of diagnostic accuracy in
studies of dementia, STARDem (Noel-Storr et al. 2014) rec-
ommend utilizing the medical subject heading (MeSH) of
Bsensitivity and specificity.^ This ensures that articles are

indexed appropriately and located with ease. A challenge of
the present reviewwas locating all appropriate articles through
our PubMed search. It is possible that the search terms utilized
in the PubMed/MEDLINE search missed relevant articles. In
addition, we only used one database to search for articles, and
several studies ultimately identified through other means were
not returned in our database search. To minimize these limi-
tations, we additionally conducted an independent record re-
view based on prior knowledge, additional search terms and
scanning of reference lists in identified studies. Nevertheless,
the possibility remains that due to our selected search terms,
studies were overlooked. For example, incorporating a term
such as memory in place of Neuropsychology may yield ad-
ditional studies that did not specify neuropsychology as a key
word. The decision to use neuropsychology as a search term
was made in an effort to reduce the number of studies using
only screening measures, as such measures were not a target
of the current review.

Other Study Limitations and Future Directions

The vast majority of studies in this review report cross-
sectional data and only a minority of the studies reviewed
included participants who were followed longitudinally. For
the purposes of the current review, only baseline data of these
longitudinal studies were examined, minimizing the effect of
practice on our data. Although we did not report on longitu-
dinal studies that investigate the predictive utility of neuropsy-
chological measures, diagnostic accuracy studies of MCI and
AD would be strengthened by including longitudinal data re-
garding conversion rates of MCI to AD and further confirma-
tion of AD etiology through pathological or biomarker confir-
mation. This would strengthen the confidence that sensitivity
and specificity values accurately reflect true diagnosis of un-
derlying Alzheimer’s disease. As mentioned above, only three
of the MCI studies reported include information on progres-
sion. Surprisingly, only three studies included in the current
review included pathological or genetic confirmation of AD
(Parra et al. 2010; Salmon et al. 2002; Storandt and Morris
2010). Increased etiologic certainty in studies would likely
further increase the diagnostic accuracy values of memory
measures. On the other hand, the notion of Bpure^ AD pathol-
ogy is increasingly suspected to be more rare than multiple
underlying neuropathologies (e.g., AD, cerebrovascular dis-
ease, Lewy bodies, hippocampal sclerosis, TDP-43) for the
vast majority of late-onset and sporadic forms of AD
(Schneider et al. 2009; Zlokovic 2011).

Studies with longitudinal data can also investigate the abil-
ity of neuropsychological tests to predict conversion from
preclinical AD to MCI and from MCI to AD. Research has
consistently shown that many individuals with MCI remain
stable over time, never progressing to AD, while some may
even revert back to Bnormal^ (Klekociuk et al. 2014; Mitchell
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and Shiri-Feshki 2009; Summers and Saunders 2012;
Winblad et al. 2004). As discussed above, part of the chal-
lenge in conducting research with MCI as a diagnostic cate-
gory is the fact that MCI is a heterogeneous construct, with
distinct subtypes of MCI potentially representing variations in
the underlying etiology (Petersen et al. 2009; Winblad et al.
2004). Additionally, although the vast majority of research
points to specific subtypes of MCI (e.g., single- and multi-
domain amnestic MCI) as being more likely to have underly-
ing AD (e.g., Han et al. 2012; Ravaglia et al. 2005; Yaffe et al.
2006), other research has revealed that non-amnestic subtypes
also develop AD (e.g., Busse et al. 2006; Fischer et al. 2007).
Again, the notion of ‘pure’ AD, rather than the common pos-
sibility of multiple underlying neuropathologies, furthers this
ambiguity. Thus, identifying measures that can accurately pre-
dict progression will prove valuable for both research and
clinical purposes, in order to identify those individuals across
all MCI subtypes and neuropathologic substrates.

Often, studies that investigate the predictive utility of neuro-
psychological measures apply null hypothesis testing rather
than report on the diagnostic accuracy of measures.
Furthermore, many of the predictive studies that have reported
diagnostic accuracy statistics utilize composite measures or
multiple measures in one predictive model (Gainotti et al.
2014), thus making it difficult to judge the utility of any single
neuropsychological measure. Although we did not include pre-
diction studies in the present review, a recent review byGainotti
et al. (2014) found that measures of delayed recall are the best
neuropsychological predictors of conversion from MCI to AD,
with sensitivity values ranging from 73 to 75% to 86–89% and
specificity ranging from 70% to 94–97% in studies reviewed.
Our review of studies differentiating betweenMCI and HC also
found that delayed recall measures outperformed other types of
memory measures with regards to sensitivity and specificity,
suggesting that these measures of episodic memory are partic-
ularly sensitive to early AD changes.

Many recent longitudinal studies have directly compared
the ability of cognitive measures versus biomarkers at baseline
to predict progression over time, or evaluated the utility of
multiple markers for predicting progression. Across studies,
there is growing support that when examining individual pre-
dictors, neuropsychological measures are the best predictors
of progression and conversion to Alzheimer’s dementia
(Eckerström et al. 2013; Gomar et al. 2014), or at the very
least perform equally as well as various biomarkers (Ewers
et al. 2012; Palmqvist et al. 2012). In addition, a combination
of neuropsychological measures and biomarkers typically out-
performs any individual predictor (Devanand et al. 2008;
Eckerström et al. 2013; Heister et al. 2011; Landau et al.
2010; Peters et al. 2014). Unfortunately, because multiple
measures are typically investigated simultaneously in these
studies, it is difficult to ascertain the sensitivity and specificity
for predicting conversion of each individual measure.

The present review was limited to neuropsychological
measures of episodic memory. Other cognitive domains may
also prove useful in differentiating between individuals at risk
for or diagnosed with AD and healthy elderly controls or other
dementias.Measures of semanticmemory have been shown to
detect early AD changes (Gainotti et al. 2014) and may be
useful in differentiating MCI and AD from other diagnostic
groups and from healthy elderly controls. Additionally, there
is growing evidence pointing to measures of attention, pro-
cessing speed, and executive functioning as important for pre-
clinical detection of AD (see Rentz et al. 2013 for review).
These measures may be particularly useful in detecting non-
amnestic subtypes of MCI and their progression to AD.

The present review did not assess for publication bias, as
methods for computing publication bias for studies of diag-
nostic accuracy have questionable or unknown validity
(Macaskill et al. 2009). The current review also did not eval-
uate the potential role of several important covariates that can
impact diagnostic accuracy and may have varied across stud-
ies, including age, sex, education, race and ethnicity. Future
studies should consider examining the effect of these variables
on diagnostic accuracy. In addition, we included studies that
used either raw scores or demographically-corrected standard-
ized scores for their cut-offs, and Tables i-iii indicate which
type of score was used for each study. Further, studies used
both optimally-derived cut-offs that are more study specific
and tended to represent raw score cutoffs and conventional
cut-offs that were more frequently based on normative scores.
However, we did not examine for any potential differences in
diagnostic accuracy statistics by the type of score or cut-off
used, which may be an important future direction given evi-
dence that raw scores may be more sensitive and
demographically-corrected scores more specific (O'Connell
and Tuokko 2010). Future studies are needed to compare the
diagnostic accuracy of these different types of scores and cut-
offs to determine which yield the highest levels of sensitivity
and specificity when compared within the same study.

Concluding Comments

With an increasing focus on biomarkers in the field of demen-
tia research, it is important to highlight the role of neuropsy-
chological testing in detecting AD. Findings reveal that many
measures of memory meet the suggested sensitivity and
specificity guidelines put forth by the Consensus Workgroup
(1998) for biomarkers in differentiating between patients with
AD and HC. Diagnostic accuracy values for differentiating
between MCI and HC are also promising but require further
refinement. Future research focusing on specific MCI sub-
types, including biomarkers to support a diagnosis of MCI
due to Alzheimer’s disease, implementing longitudinal
datasets, and investigating the predictive utility of neuropsy-
chological measures will help strengthen our understanding of
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the role of neuropsychological measures as ideal diagnostic
tests in preclinical AD, MCI, and Alzheimer’s dementia.
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