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Objective: Metacognition, or the ability to accurately identify, appraise, and monitor one’s deficits, is commonly
impaired in Alzheimer’s disease (AD). Poor metacognition prevents correct appraisal of a range of physical,
cognitive, and emotional symptoms and facilitates anosognosia, which has important clinical implications for
individuals (e.g., diminished treatment adherence, increased engagement in high-risk situations) and caregivers (e.g.,
higher burden). However, the neural correlates of metacognitive disturbance are still debated in the literature, partly
because of the subjective nature of traditional awareness measures. Method: An objective Feeling of Knowing
(FOK) task was used to measure metamemory capacity in a group of cognitively diverse older adults, including 14
with mild to moderate AD and 20 cognitively healthy older adults. The association between three different objective
metamemory measures of the FOK task and regional cortical thickness (12 bilateral regions of interest [ROIs]
hypothesized to support self-awareness) was analyzed using partial correlations. Results: Less accurate
metamemory at the local and global levels was associated with reduced right posterior cingulate cortical thickness,
r = —042, p = .02 and reduced right medial prefrontal, r = —0.39, p = .029, respectively. Conclusions: To our
knowledge, this was the first study to examine metacognition in relation to cortical thickness. Both global and local
metamemory functions appear to rely on the integrity of right sided midline regions, known to be important for
processing self-referential information. Findings are conceptualized with regard to the Default Mode Network, and
also considered in relation to recent findings pointing to the right insula as a region critical for self-awareness.

General Scientific Summary
The present study explores the neural correlates of the capacity to monitor memory performance (or
metamemory), which is frequently impaired in patients with Alzheimer’s disease. The results suggest
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that, in cognitively diverse older adults, this capacity relies on the integrity of right-sided brain
regions. These findings help to better understand the mechanisms underlying metamemory and might
be used to effectively tailor intervention strategies to the individual.

Keywords: awareness, anosognosia, metacognition, Alzheimer’s disease, cortical thickness

Metacognition, the ability to self-monitor and control one’s own
thought processes, is often impaired in dementia, especially Alz-
heimer’s disease (AD; Mograbi, Ferri et al., 2012; Morris &
Hannesdottir, 2004). Anosognosia, or the lack of awareness re-
garding a range of deficits, including physical (i.e., motor, percep-
tual), cognitive, emotional, and even neuropsychiatric symptoms
(Orfei et al., 2007), is a component of impaired metacognition.
Within the larger umbrella term of metacognition, falls
metamemory. The latter is a construct that is defined by self-
monitoring and self-awareness of cognitive symptoms, more spe-
cifically memory processes (i.e., decisions on encoding and re-
trieval of specific information; Metcalfe & Dunlosky, 2008).
Anosognosia has been extensively studied in the realm of meta-
cognition, and specifically in metamemory. Studies in the field of
metamemory have used objective methodologies to confirm that a
subset of individuals with AD present with difficulties monitoring
cognitive performance, and fail to adjust their confidence levels in
the face of poor memory performance or even external feedback
about poor performance (Cosentino, Metcalfe, Butterfield, &
Stern, 2007; Mograbi, Brown, Salas, & Morris, 2012; for a review,
see Souchay, 2007). There is a growing body of evidence showing
that impaired metamemory abilities have significant clinical im-
plications for patients and caregivers. Studies suggest that anosog-
nosic AD patients are at higher risk of engaging in unsafe behav-
iors and presenting impaired decision-making capacities
(Cosentino, Metcalfe, Cary, De Leon, & Karlawish, 2011; Stark-
stein, Jorge, Mizrahi, Adrian, & Robinson, 2007), as well as
presenting reduced treatment compliance (Arlt, Lindner, Rosler, &
Von Renteln-Kruse, 2008; Patel & Prince, 2001). Further, anosog-
nosia has been shown to detrimentally affect individuals and
caregivers throughout a large span of the disease: from being a risk
factor in preclinical stages of illness (mild cognitive impairment
[MCI]; Petersen et al., 1999; Small, Fratiglioni, Viitanen, Winblad,
& Bickman, 2000; Spalletta et al., 2014) to increased caregiver
burden in later stages, when the individual is diagnosed with AD
(Kelleher, Tolea, & Galvin, 2016; Turré-Garriga et al., 2013).

Studies exploring the neuroanatomical correlates of unaware-
ness in individuals with AD have highlighted associations with
various regions, including inferior, medial, and orbital frontal
cortices, temporal and parietal regions, midline structures such as
the cingulate cortex, and also the right insula (Amanzio et al.,
2011; Cosentino et al., 2015; Shany-Ur et al., 2014; for review see
Zamboni & Wilcock, 2011). These results map onto previous
findings from literature in healthy individuals, which consistently
point to the role of the prefrontal cortex (PFC) in metamemory
processes (Chua, Schacter, & Sperling, 2009; Fleming & Dolan,
2012; Schnyer, Nicholls, & Verfaellie, 2005) and highlight the
insula as important for the detection of errors (Craig, 2009; Klein
et al., 2007; Ullsperger, Harsay, Wessel, & Ridderinkhof, 2010).
Cortical midline regions, such as the anterior (ACC) and posterior

cingulate cortex (PCC), also emerge as a highly consistent set of
structures involved in self-referential processes, which are essen-
tial for successful metamemory (for a review, see Northoff et al.,
2006), seemingly through a role in accurate self-monitoring (John-
son et al., 2002, 2005) and in error detection (Carter et al., 1998;
Carter & van Veen, 2007). Considering the laterality, neuroimag-
ing studies examining the basis of self-awareness deficits in AD
patients have been somewhat inconsistent, with some pointing to
contributions by regions in both hemispheres (Amanzio et al.,
2011; Salmon et al., 2006; Shibata, Narumoto, Kitabayashi, Ushi-
jima, & Fukui, 2008), and others pointing to a greater contribution
of right-sided regions (Cosentino et al., 2015; Harwood et al.,
2005; Starkstein et al., 1995), the latter consistent with historical
findings in stroke and traumatic brain injury that show greater
deficits in self-awareness with right-sided lesions (Feinberg, 2002;
Prigatano & Schacter, 1991). Consistent with a “right-hemisphere
hypothesis,” recent behavioral findings demonstrated that memory
awareness in AD was correlated with performance on nonverbal
cognitive tasks that have been shown to rely more strongly on
right-sided networks than verbal cognitive tasks (Shaked et al.,
2014).

Some of the discrepancy in results across imaging studies may
be explained in part by the nature of tools used to assess memory
awareness (Clare, Markovd, Verhey, & Kenny, 2005). The vast
majority of the studies exploring the neuroanatomical basis of
awareness in dementia used subjective assessments to measure
aspects of self-awareness, such as the discrepancy between a
patient and caregiver’s report of symptoms, or a clinical rating of
awareness (i.e., anosognosia) based on an interview with the
patient. While such measures can provide important information
about a patient’s insight into their symptoms, these tools are also
susceptible to a number of factors such as the patient’s willingness
to discuss his or her own difficulties upon interview, a character-
istic likely influenced by the patient/clinician relationship, as well
as the patient’s personality style and/or cultural background. Ad-
ditionally, the accuracy of informant ratings is also influenced by
various factors, such as informant personality, motivation, and
knowledge regarding the patient’s disease (Ready, Ott, & Grace,
2004; Roberts, Clare, & Woods, 2009).

The current study aimed to measure memory awareness using a
previously developed objective metamemory test (Cosentino et al.,
2007) less likely to be influenced by the above factors, and which
enables examination of a number of different metamemory pro-
cesses and metrics. This 20-item task, based on a Feeling of
Knowing (FOK) framework, instructs individuals to learn five new
pieces of information over four trials and to make global judg-
ments regarding their overall memory performance on the test, as
well as local judgments about the likelihood of getting individual
items correct (Cosentino et al., 2015, 2007; Cosentino, Metcalfe,
Cary et al., 2011). The enhanced precision offered by this objective
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metamemory assessment may provide a more reliable and there-
fore powerful means of examining the neuroanatomic substrates of
memory awareness, or metamemory. Moreover, it allows for the
examination of multiple types of metamemory accuracy including
relative accuracy (i.e., resolution; do judgments shift in accord
with actual memory performance?) and absolute accuracy (i.e.,
calibration; do judgments reveal under- or overconfidence?), the
latter of which can be measured at both the global and local levels.
Beside evidences highlighting that these different metacognitive
metrics represent distinct aspects of metacognition (Schraw,
2009), they are frequently and interchangeably used in experimen-
tal paradigms to characterize the integrity of memory awareness in
patient populations such as AD, but little is known about the extent
to which they represent distinct constructs and/or rely on distinct
anatomic substrates. Indeed, we are unaware of any studies that
have examined separately the neuroanatomic correlates of these
metrics.

Cortical thickness represents a novel indicator of brain health
and a useful tool for the study of healthy and clinical populations.
In fact, it has been found to be more sensitive to age-associated
decline in gray matter, in comparison to volumetric measurements
based on magnetic resonance images (MRI; Hutton, Draganski,
Ashburner, & Weiskopf, 2009) and to be useful in improving the
clinical diagnosis of probable AD (Lerch et al., 2008). Recent
studies exploring the anatomic substrates of self-awareness have
employed cortical thickness measures when studying healthy sub-
jects (Buchy & Lepage, 2015) and individuals with schizophrenia
and psychosis (Buchy, Stowkowy, MacMaster, Nyman, & Add-
ington, 2015; Emami, Guimond, Mallar Chakravarty, & Lepage,
2016), with results pointing to a role for prefrontal, temporal, and
insular cortices in metacognitive processes. However, to our
knowledge, cortical thickness measures have not yet been used to
explore metacognitive impairment in AD.

As an extension of previous work from Cosentino et al. (2015),
the aim of the present study was to further knowledge of the
anatomic substrates of memory awareness by examining the extent
to which different objective metamemory measures are associated
with regional cortical thickness, in a group of cognitively diverse
older adults, including AD patients. The objective metamemory
task used in the current study also allows us to examine the
neuroanatomic associations of multiple metamemory processes
(Cosentino et al., 2016, 2007). Taking together findings of neural
correlates of self-awareness in clinical and healthy populations, we
hypothesized that metamemory in this group would be correlated
with the thickness of the ventromedial PFC and insula, as well as
with midline structures including the cingulate and precuneus.
Finally, we expected to find a stronger association between
metamemory and right hemisphere structures compared to left-
sided regions.

Method

Please note that the present study is an extension of a previous
work; therefore, for a full description of the methodology, see
Cosentino et al. (2015).

Participants

Fourteen individuals with mild to moderate probable AD were
recruited through the Columbia University Medical Center

(CUMC) Department of Neurology Memory Disorders Clinic.
Diagnoses were made according to the National Institute of Neu-
rological and Communicative Disorders and Stroke and the Alz-
heimer’s Disease and Related Disorders Association (NINCDS-
ADRDA) criteria (McKhann et al., 2011). AD stages (mild to
moderate) were defined as a score of 19 or greater on the Mini-
Mental State Examination (MMSE; Folstein, Folstein, & McHugh,
1975). Individuals with a history of neurologic illness or injury or
ongoing psychiatric illness were excluded. All participants pro-
vided informed consent and were given monetary compensation.

Twenty control elders without dementia (HE) were recruited
through the Alzheimer’s Disease Research Center at CUMC, local
senior centers, and market mailing procedures that target a diverse
group of elders in New York City. Controls were thoroughly
screened by interview to exclude individuals with neurologic,
psychiatric, or severe medical disorders, and were eligible for the
study if they were age 55 or above, and scored at least 27 on the
MMSE.

Procedures

All participants completed the metamemory test prior to any
cognitive testing to ensure that experience with cognitive tests did
not alter their expectations for performance in the context of the
metamemory test. Several cognitive tests were administered to
characterize differences in primary cognition across the AD and
HE groups. The majority of participants underwent structural MRI
of the brain within 2 months of their cognitive assessment, with an
average duration of 0.77 (SD = 2.46) months. Three participants
with AD were scanned outside the 2-months window at 3.2, 3.9,
and 4.7 months intervals, and two healthy controls had intervals of
4.1 and 9.4 months. Analyses were conducted with and without the
individual with the 9.4 months interval to be sure that exclusion of
this individual did not affect the results. This study was approved
by the CUMC Institutional Review Board and all individuals
provided informed consent prior to participation.

Measures

Objective metamemory test. The metamemory test was a
modified episodic Feeling of Knowing (FOK) task (Hart, 1965)
consisting of four trials with five items in each trial, yielding a total
of 20 metamemory items. Stimuli were selected after several
rounds of piloting aimed at eliminating floor or ceiling effects in
both AD and HE groups. The final stimuli for the AD participants
consisted of five pieces of “pseudo trivia” regarding an individual
from history and fake information about his background (e.g., Cole
Porter attended law school in Chicago). Such stimuli performed
better than actual facts, or than entirely fictional names and infor-
mation. A potential risk of using these stimuli is that they are
falsifiable; however, they are not easily falsifiable. That is, one
would have to be very knowledgeable about these particular indi-
viduals to know that the stimuli were untrue (i.e., even someone
who is an expert in Cole Porter’s music is likely to be unsure of his
past educational experience). We assume that if it were to occur,
the overall effect on the metamemory score would be relatively
small. More difficult items consisting of entirely fictional names
and background information were used in the nondemented elders
to prevent ceiling effects. All participants with AD completed the
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standard version of the task described below. As the current HE
sample partook in a larger study regarding the cognitive basis of
metamemory deficits in AD, healthy controls received one of three
versions of the FOK task (i.e., standard, query, or feedback; for a
full description of the different metamemory task conditions see
Cosentino et al., 2015). Previous work has established that there
are no differences in performance across these three conditions in
healthy adults; different conditions were originally administered in
this group solely for the purpose of collecting normative data
(Cosentino, Metcalfe, & Stern, 2011).

Dependent variables. For this study, three dependent vari-
ables (i.e., metacognitive metrics) were used for all conditions of
the metamemory task including resolution, local calibration, and
global calibration.

First, the relative accuracy of judgments (i.e., resolution) was
calculated, reflecting the extent to which judgments shift in accord
with performance; that is, predictions for performance are raised
when memory accuracy increases, and predictions for performance
are lowered when accuracy decreased. The nonparametric
Goodman-Kruskal gamma statistic, a rank order correlation (Nel-
son & Narens, 1984), was employed as a measure of resolution.
Gamma compares the relative number of concordant and discor-
dant judgment/accuracy pairs, discarding “ties”, or instances in
which either the rating or accuracy in one pair is equal to that in
another pair. A score of 1 indicates perfect concordance between
all of the 20 judgment/accuracy pairs within the test. Given the
limitations of gamma, including a tendency to be pulled to an
extreme value on the basis of only one concordance or discor-
dance, or a possibility that a score is undefined in the event of all
ties, gamma scores were corrected in line with previous sugges-
tions (Souchay, Moulin, Clarys, Taconnat, & Isingrini, 2007). This
correction has been applied in the context of signal detection
theory to address instances in which hit rates are equal to one or
false alarm rates are equal to zero, resulting in undefined signal
detection measures (Snodgrass & Corwin, 1988). When applied to
the calculation of gamma, this correction entails adding 1 to the
overall number of concordances as well as the overall number of
discordances. This adjustment draws scores slightly away from
extreme values and assigns a score of zero when a score would
otherwise be undefined in the case of all ties. For example, if an
individual made judgments of “Yes” for every item, regardless of
performance, each item would be tied with every other item and a
score would thus be incalculable. By adjusting the calculation, this
person’s performance is considered equal to 0, representing a
random association between predictions and performance. The
correlation between calculable gamma scores and the adjusted
scores in this sample was 0.99 (p < .01).

Second, the absolute accuracy of judgments (i.e., calibration)
was used to evaluate the degree and direction of discrepancies
between predicted and actual performance, revealing the extent to
which individuals are over or under confident in their estimations.
Two different calibration scores were calculated:

Local Calibration. In order to calculate local calibration
scores, ordinal ratings (Yes-Maybe-No) were translated into inter-
val data (1, 0.5, and 0). Average accuracy was then subtracted
from the average rating to determine the extent to which individ-
uals were over- or underconfident on an item-by-item basis. A
score of zero indicates perfect calibration, positive scores indicate
overconfidence, and negative scores indicate underconfidence.

Global Calibration. We also calculated global calibration at
each learning trial to evaluate individuals’ ability to make pretest
predictions regarding the overall number of items that they would
correctly remember out of the five studied. Global calibration
scores were determined by subtracting the actual accuracy at each
trial from the predicted global accuracy, and dividing by the total
number of items.

Immediate auditory attention: Forward Digit Span. This
subtest from the Wechsler Memory Scales-Third edition (WMS-
III; Wechsler, 1997) required participants to repeat a series of
digits beginning with only two and increasing until the participant
failed two consecutive items at a given series length. The depen-
dent variable was the total raw score.

Memory.

Philadelphia Repeatable Verbal Learning Test (PVLT). The
PVLT is a list learning task in which participants are required to
learn nine words (comprising three different categories: fruit,
tools, and furniture) over the course of five trials. The dependent
variables were delayed recall and recognition (Price et al., 2009).

Biber Figure Learning Test. This nonverbal list learning task
consists of nine black and white geometric designs presented over
five trials. Designs were presented one at a time in a fixed order,
for 3 seconds each. During the test phase, participants were asked
to draw as many designs as they could remember. After a 30-min
delay, participants were again asked to recall as many designs as
possible, and subsequently to copy each of the stimuli to ensure
that constructional abilities required for intact performance did not
affect memory performance. Each drawing was scored according
to strict guidelines on a scale of 0 to 3. The dependent variables
were delayed recall and recognition (Glosser, Goodglass, & Biber,
1989).

Executive Functioning: Graphic Pattern Generation (GPG).
The GPG test requires participants to generate multiple unique
designs among arrays of dots. The short form of the test is
characterized by a row of stimuli, consisting of 20 identical five-
dot arrays (Sunderaraman et al., 2015). The test requires partici-
pants to generate as many novel designs as they can using exactly
four lines to join the dots in each array. The first instance of a
perseveration and the first instance of a rule violation were cor-
rected. The dependent variable was total number of perseverations
(Glosser & Goodglass, 1990).

Structural Neuroimaging

FreeSurfer (v. 5.3) was used to measure regional cortical thick-
ness. Cortical thickness is derived by the reconstruction of the
gray/white matter boundary and the cortical surface, and then the
calculation of the distance between these surfaces at each point
across the cortical mantel. For each region, the average distance
between the gray/white matter surface and the gray/cerebrospoinal
surface is calculated to reflect the cortical thickness of that region.
To limit the number of analyses, 12 bilateral ROIs previously
implicated in studies of awareness were derived, including right
and left sided: (a) Medial Prefrontal: medial orbital and frontal
pole; (b) Temporal: entorhinal, parahippocampal, temporal pole;
(c) Parietal: superior parietal, precuneus; (d) Anterior Cingulate
Cortex (ACC): caudal and rostral ACC; (e) Posterior Cingulate
Cortex (PCC); and (f) Insula (see Figure 1).
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Figure 1.

Data Analysis

Independent samples ¢ tests were first used to characterize
differences in demographic variables. Then, one-way ANCOVAs
were conducted to determine statistically difference between cog-
nitive and metacognitive variables across the HE and AD groups
controlling for age. A general linear model adjusted for gender
based on recommendations for cortical thickness analyses (Barnes
et al., 2010) and age was used to compare ROI cortical thickness
across HE and AD groups.

For the primary analyses, partial correlations examined the
association between metamemory scores and the 12 ROls,
adjusting for metamemory test condition (which differed across
healthy elders), gender, and any other demographic variables
correlated with metamemory in preliminary bivariate analyses.
Partial correlations were conducted separately for each
metamemory score (resolution, global calibration, and local
calibration). Given the relatively small size of the HE and AD
samples, correlations were conducted in the entire sample,
adjusting for diagnostic group. The results of such analyses
therefore are interpreted to reflect the regions of the brain
related to metamemory in both groups. As the regions examined
were all hypothesis-driven, and the sample size was relatively
small, corrections for multiple comparisons were not applied.

Results

We evaluated 34 participants including 14 individuals with mild to
moderate AD (mean age = 77.81 = 11.56 years, mean education =
17.29 = 2.56 years) and 20 cognitively healthy elders (mean age =
68.26 = 9.04 years, mean education = 16.25 * 2.22 years). We
previously reported results from volumetric analyses in these same
individuals (Cosentino et al., 2015). As expected, global cognition,
F(1, 31) = 62.54, p < .001, verbal memory—delayed recall, F(1,
31) = 169.88, p < .001, verbal memory-recognition, F(1, 31) =
5991, p < .001, nonverbal memory—delayed recall, F(1, 29) =
67.51, p < .001, nonverbal memory-recognition, F(1, 28) = 7.96,
p = .009 and executive functioning scores, F(1,27) = 7.25,p = .012

A 3-dimensional representation of the brain’s white matter derived in FreeSurfer with the cortical
areas used in the study superimposed and labeled by color. Blue (1) = medial prefrontal lobe (medial orbital and
frontal pole); Red (2) = temporal (entorhinal cortex, parahippocampus, temporal pole); Orange (3) = parietal
(superior parietal lobule, precuneus); Purple (4) = anterior cingulate cortex (caudal and rostral anterior cingulate
cortex); Magenta (5) = posterior cingulate cortex; Green (6) = insula. See the online article for the color version
of this figure.

were significantly lower in the AD group as compared to the healthy
older adults (see Table 1). With regard to the metacognitive scores,
none of them differed significantly across groups.

Table 2 shows the results of cortical thickness by group in each
of the 12 ROIs. Compared to the HE group, AD participants had
significantly thinner cortex in the following right-sided regions:
posterior cingulate, F(1, 31) = 7.23, p = .011, insula, F(1, 31) =
6.56, p = .016 and parietal cortex, F(1,31) = 10.60, p = .003; and
the following left-sided regions: insula, F(1, 31) = 8.39, p = .007
and parietal cortex, F(1, 31) = 15.77, p < .001.

Correlates of Metamemory

Resolution. Gamma was not significantly associated with ed-
ucation, r = .27, p = .124, verbal memory, r = —.28, p = .105,
or global cognition, r = .26, p = .132. While gamma was related

Table 1
Demographic, Cognitive, and Metacognitive Variables by Group
Variables HE (n = 20) AD (n = 14)

Age 68.26 (9.04) 77.81 (11.56)"
Education 16.25 (2.22) 17.29 (2.56)
MMSE 29.25 (1.45) 23.29 (2.34)™
Verbal memory

* Delayed recall 7.60 (1.31) 79 (1.31)"

* Recognition .96 (.07) 67 ((12)™
Nonverbal memory

* Delayed recall 22.00 (5.53) 4.83 (4.06)""

 Recognition 93 (.15) 74 (14)"
Auditory attention 11.00 (2.15) 10.46 (2.05)
Executive functioning 3.47 (1.81) 573 (2.41)*
Metamemory

¢ Resolution .53 (.47) .30 (.58)

e Local calibration .02 (.15) .07 (.23)

¢ Global calibration —.09 (.18) A1(.21)

Note. HE indicates Healthy Elders; AD indicates Alzheimer’s Disease,
MMSE indicates Mini-Mental State Exam total score.
“p <.05. "p<.00l.



publishers.

and is not to be disseminated broadly.

gical Association or one of its allied

This document is copyrighted by the American Psycholo,
This article is intended solely for the personal use of the individual user

6 BERTRAND ET AL.

Table 2
Cortical Thickness
Right Left
ROI HE AD HE AD

Prefrontal 257(32) 245(22) 252(23)  246(27)
Temporal 2.73 (.37) 243 (41) 2.58(.29) 2.46 (.40)
Parietal 224 (12)™  2.10(14) 228 (12)™ 2.07(.17)
Anterior cingulate ~ 2.76 (.32) 2.75(29) 2.85(.37) 2.80 (.32)
Posterior cingulate  2.53 (.14)" 239 (.16) 2.58 (.18) 2.51(.16)
Insula 2.88 (.29)" 2.52(.43) 2.88(.25)" 2.57(.32)

Note. HE indicates Healthy Elders; AD indicates Alzheimer’s Disease,
MMSE indicates Mini-Mental State Exam total score. Thickness values are
presented in millimeters. Analyses compare gender adjusted ROI cortical
thickness across HE and AD.

“p<.05 *p<.0l

to age, r = —.35, p = .041, age was related to diagnostic group,
r = —.43, p = .011, and the associations of age with gamma
became nonsignificant when controlling for group. Results of the
partial correlation between gamma and each ROI, adjusted for
diagnostic group, gender, and metamemory task condition, re-
vealed no significant associations. See Table 3 for all correlational
results.

Local calibration. Local calibration was not significantly as-
sociated with education, r = .24, p = .181, verbal memory,
r= —.15, p = .389, global cognition, r = —.04, p = .838, or age,
r = .22, p = .222. Results of the partial correlation between local
calibration and each ROI, adjusted for diagnostic group, gender,
and metamemory task condition, revealed an association between
calibration and the right posterior cingulate cortical thickness,
r= —.42, p = .020.

Global calibration. Global calibration was not significantly
associated with education, r = .26, p = .137, or global cognition,
r = —.29, p = .093. Although performance was related to verbal
memory, r = —.49, p = .004 and age, r = .45, p = .007, verbal
memory and age were related to diagnostic group (respectively,
r=.94p <.001; r = —.43, p = .011) and the associations of
verbal memory and age with global calibration became nonsignif-
icant when controlling for group. Results of the partial correlation
between global calibration and each ROI, adjusted for diagnostic
group, gender, and metamemory task condition, revealed an asso-
ciation between calibration and right medial prefrontal cortical
thickness, r = —.39, p = .029 (see Figure 2).

Comparison of correlation values. We then implemented
Steiger’s z tests to determine more carefully whether the unique
anatomic correlates of each calibration score reflected a formal
double dissociation (i.e., local calibration with PCC vs. global
calibration with mPFC). Results indicated that the relationship
between local calibration and the right mPFC (r = —.30) was not
statistically different from its significant correlation with the right
PCC (r = —.39; Steiger’s z = —.65, p = .514). Similarly, the
relationship between global calibration and the right PCC
(r = =33, p = .068), was not statistically different from its
significant correlation with the right mPFC (Steiger’s z = —0.35,
p = .726; see Figure 3).

Discussion

The aim of the current study was to explore the neural basis of
three different components of metamemory in cognitively diverse
older adults through the use of objective metamemory testing and
cortical thickness measures. In fact, studies exploring metacogni-
tive processes in healthy subjects highlighted that relative and
absolute accuracy are two distinct metacognitive monitoring pro-
cesses (Koriat, 1997; Maki, Shields, Wheeler, & Zacchilli, 2005;
Schraw, 2009). However, studies exploring these different com-
ponents of metamemory in aging are scarce and, to the best of our
knowledge, the present study is the first directly comparing rela-
tive and absolute accuracy and their neural correlates.

Consistent with previous findings using different neuroimaging
techniques, we found a global association between metamemory
and right-sided midline regions, specifically the medial PFC and
the PCC regions previously linked to the processing of self-
referential information in healthy adults and individuals with MCI
(for review see Northoff et al., 2006 and van der Meer, Costafreda,
Aleman, & David, 2010). Indeed, studies with healthy adults
showed that the medial PFC and the PCC are coactivated during
self-referential tasks (Johnson et al., 2002; Morel et al., 2014).
Similar results have been highlighted in studies with MCI patients.
For example, Ries et al. (2007) showed an involvement of cortical
midline structures, specifically the mPFC and the PCC, during
self-referential processing, and this association is mediated by the
level of awareness MCI patients had regarding their cognitive
difficulties. Additionally, studies highlighted that the pattern of
activation is different during self-reflective processing than during
other referential processes (Feyers, Collette, D’ Argembeau, Maje-
rus, & Salmon, 2010; for review see van der Meer et al., 2010).
These studies, along with the current findings, suggest that pro-
cessing self-related information about one’s memory may rely on
brain regions crucial for processing other types of information
about the self as well.

These neuroimaging associations support behavioral data sug-
gesting that people with anosognosia for cognitive and/or motor
deficits are not impaired at perspective taking in general, but seem
to have a specific deficit in self-perception. Ramachandran and

Table 3
Correlation Between Metamemory Scores and
Cortical Thickness

Metamemory scores

Local Global
Resolution calibration calibration
ROI Right Left Right Left Right  Left
Prefrontal .03 16 —.30 -.05 -39 —-.09
Temporal 17 28 .05 31 —.05 .07
Parietal .09 01 —.15 26 —.13 .16
Anterior cingulate .09 10 —.15 —-.14 —-.19 —.19
Posterior cingulate -03 —.15 —-42© —15 -33 —.17
Insula 15 18 .06 08  —.12 -.03

Note. HE indicates Healthy Elders; AD indicates Alzheimer’s Disease,
MMSE indicates Mini-Mental State Exam total score. Bivariate analysis in
the entire group was adjusted for diagnostic group, gender, and
metamemory test condition.

“p < .05.
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Figure 2. Association between global calibration scores and right prefrontal cortex thickness.

Rogers-Ramachandran (1996) showed that patients suffering from
anosognosia for hemiplegia were able to acknowledge the paral-
ysis of others, even when they were unaware of their own paral-
ysis. In the context of dementia, a few studies have explored the
issue of perspective taking with regard to metacognitive abilities
by asking people with dementia to evaluate the performance of
their relatives or of a fictional person suffering from dementia
(Clare et al., 2012; Duke, Seltzer, Seltzer, & Vasterling, 2002;
Mograbi, Brown, Landeira-Fernandez, & Morris, 2014). The re-
sults indicate that people with dementia were generally accurate in
predicting the performance of someone else (e.g., caregiver or
fictional person), despite difficulties in evaluating their own per-
formance, especially regarding memory. Compelling new findings
in the context of anosognosia for hemiplegia suggest that patients
with anosognosia may improve their awareness for cognitive
and/or motor deficits by adopting a third-person perspective. Be-
sharati, Kopelman, Avesani, Moro, and Fotopoulou (2015) re-
cently described two case studies of patients who presented a
reinstatement of motor awareness after seeing themselves in a
video, suggesting that self-observation through a third-person per-
spective positively influences metacognitive abilities.

Studies exploring the neural basis of self-awareness, including
the current study highlighting the mPFC and the PCC in

0.8
0.6
0.4

0.2

ITEM CALIBRATION

metamemory, point to an overlap between regions implicated in
self-awareness and those that comprise the default mode network
(DMN). This neural network is activated when participants are not
engaged in a specific cognitive task and is thought to be involved
in self-referential thinking (Berlingeri et al., 2015; Gerretsen et al.,
2014; Le Berre & Sullivan, 2016; Perrotin et al., 2015). The DMN
includes principally the mPFC and the PCC, spreading to parietal
and temporal regions (for review see Buckner, Andrews-Hanna, &
Schacter, 2008).

As suggested by studies showing an association between the
right hemisphere and anosognosia in AD (Cosentino et al., 2015;
Harwood et al., 2005; Starkstein et al., 1995), our results highlight
correlations between right-sided regions (mPFC and PCC) and
absolute accuracy scores (both global and local). However, there is
no correlation with the relative accuracy score. This difference
provides the first anatomic evidence that these two components of
metacognition assess different aspects of metacognitive monitor-
ing (Schraw, 2009). Indeed, absolute accuracy measures the pre-
cision of judgments, whereas relative accuracy explores the cor-
respondence between judgments versus performance. For the same
task, an individual can have good absolute accuracy on average
(i.e., accurately predict that he will get two out of five right) but
poor relative accuracy (predicts that he will get the correct answers

RIGHT POSTFRIOR CINGUIATF CORTICAI THICKNFSS

Figure 3. Association between item calibration scores and right posterior cingulate cortex thickness.
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incorrect and vice versa). Supporting this idea, a number of studies
showed discrepant results when comparing the two measures. For
example, absolute accuracy improves with practice and seems
influenced by task difficulty and participants ability, while these
factors do not influence relative accuracy (Koriat, 1997; Maki et
al., 2005). Specifically in aging, previous findings point to a
preservation of relative accuracy but absolute accuracy seems to
decline with age (for review see Castel, Middlebrooks, & McGil-
livray, 2015). Despite these findings, little is known regarding the
relationships between these different metacognitive measures. As
suggested in the literature, our results shed light on future research
evaluating both components of metacognitive monitoring, and
raise interesting questions about whether selectively preserved
monitoring systems might be harnessed to improve deficits in a
separate system.

Contrary to what might be expected based on previous findings
from Cosentino et al. (2015), we did not find an association
between resolution score, measured by gamma, and the cortical
thickness of the right insula. It is interesting that the structural
correlates of metamemory diverge depending on whether the struc-
tural integrity of the brain is defined by volume or thickness. This
divergence is consistent with previous studies comparing gray
matter volume and thickness measures, which have reported dif-
ferences in the results of the two methods. Such discrepant find-
ings have been attributed to methodological (spatial registration
and conversion methods of the targets) and/or biological variables
(changes in surface area, gray/white matter intensity contrast and
gyrification; Blankstein, Chen, Mincic, McGrath, & Davis, 2009;
Hutton et al., 2009; Kong et al., 2015). Additionally, Kong et al.
(2015) suggested that, contrary to cortical thickness measures,
gray matter volume analysis reflects morphometric changes in
both cortical and subcortical regions. In line with this reasoning, it
might be argued that the association between relative accuracy and
insular volume observed in Cosentino et al. (2015) may have in
part reflected subcortical changes. Future work in larger samples is
needed to more comprehensively characterize the extent to which
different forms of metacognitive monitoring may map onto differ-
ent brain regions, as well as specific markers of structural integrity.

The current study was limited by a relatively small sample size.
Ideally, correlations would have been conducted both across and
within diagnostic groups to determine differences in the strength or
regions of association within each group. It is important to note
that the current analyses, adjusted for diagnostic group, speak only
to the regions that relate to metamemory in both groups, and it is
certainly possible that other regions may be more or less relevant
for one group in particular. However, to the best of our knowledge,
this is the first study to explore the neural correlates of
metamemory in older adults using cortical thickness as a neuro-
imaging measure, and to examine the correlates of three distinct
metamemory processes. Future studies should explore the differ-
ences between healthy and pathological populations regarding the
neural correlates of metamemory using an objective assessment of
this ability.

Research aiming to better understand metamemory is particu-
larly relevant for the treatment and care of individuals with im-
paired awareness. Metamemory and impaired awareness of mem-
ory deficits were shown to be closely related and based on
metacognitive theories; lack of awareness can be seen as a deficit
of metacognitive monitoring (Bertrand, Landeira-Fernandez, &

Mograbi, 2016; Ernst, Moulin, Souchay, Mograbi, & Morris,
2015). In fact, studies highlighted an association between
metamemory performance and clinically rated memory awareness
(Cosentino et al., 2007; Reed, Seab, & Jagust, 1992). Moreover,
the negative impact of anosognosia on AD patients and their
caregivers is well established in the literature, with numerous
studies demonstrating a link between unawareness of cognitive
deficits and increased engagement in high-risk situations (Arlt et
al., 2008; Starkstein et al., 2007) and caregiver burden (Rymer et
al., 2002; Seltzer, Vasterling, Yoder, & Thompson, 1997; Turré-
Garriga et al., 2013). Additionally, previous findings have high-
lighted the importance of preserved memory awareness for every-
day decision-making capacity, in particular, for the management of
medications (Cosentino, Metcalfe, Cary et al., 2011). As the diag-
nosis of AD moves closer and closer to preclinical stages, opti-
mizing metamemory and broader aspects of self-awareness
through tailored interventions will be critical for extending an
individual’s independence and allowing them to better navigate
cognitive and functional loss. To the extent that the various facets
of metamemory (namely relative and absolute accuracy) and their
respective neurocognitive substrates can be more clearly articu-
lated, intervention strategies can be more precisely and effectively
tailored to the individual.
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