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Abstract: Metacognitive knowledge has been little investigated in aMCI patients. The aim of this
study is to examine whether there are specific deficits in knowledge of self, task and strategies in
mathematical cognition, due its importance for everyday functioning, mainly due to its importance
for financial capacity in old age. A total of 24 patients with a diagnosis of aMCI and one-to-one
24 matched individuals (similar age, education and gender) were examined at three time points in a
year with a number of neuropsychological tests and a slightly modified version of the Metacognitive
Knowledge in Mathematics Questionnaire (MKMQ). We analyzed longitudinal MRI data regarding
various brain areas for the aMCI patients. Results indicated that the aMCI group differed in all
MKMQ subscale scores at the three time points compared to healthy controls. Correlations were
found only for metacognitive avoidance strategies and left and right amygdala volumes at baseline,
while after twelve months correlations were found for avoidance and right and left parahippocampal
volumes. These preliminary results highlight the role of specific brain regions that could be used
as indices in clinical practice for the detection of metacognitive knowledge deficits that are found
in aMCI.

Keywords: metacognitive deficts; mathematics; metacognitive avoidance strategies; brain volumes;
amygdala; aMCI; healthy controls

1. Introduction

According to Flavell [1], metacognition refers to the awareness that a person has
about their knowledge as well as the regulation of processes involved in learning in
order to meet the demands of specific tasks; thus, metacognition includes metacognitive
knowledge (MK) and metacognitive experiences (ME) or regulation. More specifically,
metacognitive knowledge encompasses knowledge of person variables, task variables
and strategy components, and can be defined as the declarative knowledge that a person
has regarding their own personal experiences with specific tasks (e.g., mathematical),
along with theories and relevant beliefs about cognition and thinking [1]. A plethora
of published studies supports the idea that patients diagnosed with varying severity of
neurocognitive disorders due to different etiologies demonstrate changes in MK [2,3].
More specifically, in older adults, metacognitive control is not severely affected, while
metacognitive awareness/beliefs about individual skills show a pattern of decline [4].

Prior research in Greece in patients with a diagnosis of mild cognitive impairment
(MCI)/mild neurocognitive disorder shows that they overestimate their performance in
every cognitive domain, in comparison with healthy controls who underestimate their
performance in measures of verbal memory [5]. Another study in Greek older patients
extends these findings and supports the idea that mild Alzheimer’s disease (AD) patients
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show the highest overestimations of their cognitive skills in different domains, followed
by single and multiple domain amnestic MCI (aMCI) and healthy older controls [6]. This
impairment in metacognition taking the form of self-awareness deficits has also been
supported by other researchers, who support a prominent deficit in self-awareness in MCI,
but not as prominent as in the case of AD patients [7–9]. Nevertheless, a meta-analysis
indicates that MCI patients have knowledge of their cognitive deficits, and that the level of
awareness seems to vary according to three predictors, namely, cognitive status, language
and memory abilities [10]. Therefore, there are attempts to quantify the exact cut-off
scores that can be used for Mini Mental State Examination (MMSE) in order to predict
insight or awareness of deficits, with high MMSE scores (≥24) correlating with higher
metacognitive awareness, and a noticeable decrease found for scores MMSE (=23 to 13),
while low metacognitive knowledge is found for MMSE scores (≤12) [11].

Financial capacity is considered to be a broad and complex psychological construct,
that some researchers approach as one of the Instrumental Activities of Daily Living
(IADLs), which is of extreme importance for older populations. It is worth mentioning
that knowledge of skills relating to mathematics is involved in the design of financial
capacity instruments that are in use in neuropsychological assessment in different cultural
settings and, according to a body of studies, relevant deficits can be found in (Greek) older
patients with vascular dementia (VD) [12], AD [13], and Parkinson’s disease with dementia
(PDD) [14]; similar findings have also been reported for aMCI patients [15].

Mathematical/financial problems are part of the instruments measuring financial
capacity [16] and have shown that patients suffering from fronto-temporal dementia
(FTD) overestimate their performance [17], a finding that is also detected as distorted
self-awareness (overestimations) in MCI patients, as well as in mild and moderate AD
patients, Parkinson’s disease patients [18], and in patients with dementia with Lewy Bod-
ies [19].

An interesting association has been found between medial prefrontal and anterior
temporal cortices’ decreased activity and impaired self-awareness in AD patients [20], while
inaccurate self-evaluations of cognitive domains, such as memory, seems to be controlled
by the prefrontal cortex [21]. Of relevant interest is also the atrophy in frontal and parietal
lobes [22] and more specifically of the angular gyrus in the left parietal lobe [23] in amnestic
MCI (aMCI) [24] as well as in mild AD patients [25].

Although questionnaires have been used in prior research to measure general metacog-
nitive awareness, so far notions such as metacognitive knowledge of the self (easiness,
fluency) (e.g., statements like ‘I solve mathematical problems easily no matter how many
operations they require’), metacognitive knowledge of the self (difficulty, lack of fluency)
(e.g., ‘When I solve problems with multiplications I get tired’), metacognitive knowledge
of tasks (easy, low demands) (e.g., ‘I find the problems that require subtraction difficult’),
metacognitive knowledge of tasks (difficult, high demands) (e.g., ‘I think that a problem that
has fractions is difficult’), metacognitive knowledge of strategies (cognitive/metacognitive
strategies) (e.g., ‘When I am reading a mathematical problem I am thinking whether
there are various ways of solving it’), metacognitive knowledge of strategies (compe-
tence/enhancing strategies) (e.g., ‘When I solve mathematical problems I am thinking of
other similar ones from everyday life’), and metacognitive knowledge of strategies (avoid-
ance strategies) (e.g., ‘When the mathematical problem is difficult I give up’) that were
introduced by Efklides and Vlachopoulos [26] have not been systematically investigated
in aMCI patients, and the biological substrate of such constructs is still unknown. So far,
no specific instrument has been used for the measurement of metacognitive knowledge
regarding self, task and strategies in mathematics (except for items coming from financial
capacity instruments) in patients suffering from neurocognitive disorder.

The aim of this study is to explore for the first time metacognitive knowledge in mathe-
matics at multiple time points and to provide not only evidence from a longitudinal perspec-
tive regarding aMCI patients, but also to examine whether there are specific brain regions
where neuronal death and change of volume may be used as future indices/predictors of
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impairment. Therefore, the research questions that were examined in this study are: (a) Do
specific self-reported metacognitive knowledge aspects, such as metacognitive knowledge
of the self (difficulty, lack of fluency), metacognitive knowledge of tasks (difficult, high
demands), and metacognitive knowledge of strategies (avoidance strategies) (as examined
with a relative scale that has been used in young students) positively correlate with each
other at different time points in aMCI patients or is there a cognitive disorganization as the
disease progresses, not only as expected in cognitive performance, but also in metacognitive
knowledge of the aMCI patients?; (b) Is there a deteriorating metacognitive knowledge
pattern for the aMCI patients compared to healthy controls?; and (c) Are there brain volume
changes correlating with metacognitive knowledge self-reports in the aMCI group?

2. Materials and Methods

The sample was derived from a previous study [16]. A total of 24 older adults
(≥65 years) with a diagnosis of amnestic MCI (aMCI) without comorbid depression at
baseline testing, who agreed to be followed with multiple brain magnetic resonance imag-
ing (MRI) scans in Northern Greece, participated voluntarily in the study. The patients
underwent a 3-Tesla (3-T) MRI and a detailed neuropsychological assessment during a
12-month period three times and did not receive any other intervention. Healthy controls
(n = 24) were approached from a larger pool of participants [16], and one-to-one matching
was followed, based on the demographics of the patient group (no statistically significant
differences regarding age (t(28) = 0.090, p = 0.929), education years (t(28) = 0.102, p = 0.920),
and identical gender frequency (see Table 1)). Healthy controls were examined with the
detailed neuropsychological tests, but did not have to be tested and retested with 3-Ts. All
participants completed the full neuropsychological testing, with no drop-off to report.

The neuropsychological assessment was simultaneous with the 3-Ts. The neuropsy-
chological assessment included the following tests: Mini-Mental State Examination (MMSE)
for overall cognition screening [27]; the Geriatric Depression Scale (GDS-15) in order to
assess depression [28]; the Clinical Dementia Rating (CDR) for the investigation (through
an interview with the caregiver) of the domains of cognitive and functional performance of
the patient [29]; the Alzheimer’s Disease Assessment Scale (ADAS) for the examination of
cognitive and non-cognitive symptoms [30]; the Neuropsychiatric Inventory (NPI) for the
detection of psychiatric symptoms [31]; the Digit Cancellation Test [32]; the Rey Auditory
Verbal Learning Test (RAVLT-immediate, delayed and recall conditions) which is used in
order to evaluate verbal memory [33]; the Clock Drawing Test (CDT-immediate drawing
and copy) as a measure of spatial dysfunction and neglect [34]; the Trail-Making Test
Parts A and B, which focus on the assessment of visual attention and task switching [35];
the Wechsler Adult Intelligence Scale (WAIS-R) Digit Symbol which measures speed and
memory [36]; the Boston Naming Test (BNT), which is used in order to assess naming-
word retrieval [37]; the Digit Span Memory Test Forward Condition, which measures
attention and the Digit Span Memory Backward Condition, which measures executive
functioning [38]; and the Verbal Fluency Test (FAS; letter fluency and category fluency),
which assesses lexical retrieval and production [39] (see [16] for the detailed scores of the
abovementioned tests). There were no statistically significant differences regarding the
mood of the two groups of participants as measured with GDS-15 at baseline as zero scores
were reported by all members of the two groups, at six months (t(28) = 0.716, p = 0.480),
and at twelve months (t(28) = 0.473, p = 0.640) (see Table 1).

Additionally, all participants completed the Metacognitive Knowledge in Mathematics
Questionnaire (MKMQ), which was initially used in students. In this study, words such as
fellow students were changed so that its use was more appropriate for older adults. MKMQ
includes seven subscales, namely metacognitive knowledge of the self (easiness, fluency),
metacognitive knowledge of the self (difficulty, lack of fluency), metacognitive knowledge
of tasks (easy, low demands), metacognitive knowledge of tasks (difficult, high demands),
metacognitive knowledge of strategies (cognitive/metacognitive strategies), metacognitive
knowledge of strategies (competence/enhancing strategies), and metacognitive knowledge
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of strategies (avoidance strategies) (see [26] for the full questionnaire). For each of the
items there is 5-point Likert scale from 1 = not at all true of me to 5 = absolutely true of me.
The Cronbach’s internal consistency for this sample at baseline was high for all subscales:
metacognitive knowledge of the self (easiness, fluency) (α = 0.87), metacognitive knowledge
of the self (difficulty, lack of fluency) (α = 0.96), metacognitive knowledge of tasks (easy, low
demands) (α = 0.93), metacognitive knowledge of tasks (difficult, high demands) (α = 0.91),
metacognitive knowledge of strategies (cognitive/metacognitive strategies) (α = 0.93),
metacognitive knowledge of strategies (competence/enhancing strategies) (α = 0.92), and
metacognitive knowledge of strategies (avoidance strategies) (α = 0.89).

A volumetric MRI was performed using Statistical Parametric Mapping (SPM 12)
at three time points regarding the following volumes: white matter, grey matter, cere-
brospinal fluid, and sixteen additional brain areas, such as the right angular gyrus, the
left angular gyrus, the right amygdale, the left amygdala, the right precuneus, the left
precuneus, the right hippocampus, the left hippocampus, the right parahippocampal gyrus,
the left parahippocampal gyrus, the right thalamus, the left thalamus, the right medial su-
perior frontal cortex, the left medial superior frontal cortex, the right medial frontal cortex,
and the left medial frontal cortex. All scans were straight–non oblique and the Human
CORE Scan Protocol was followed (no adjustments were made to this protocol), Plane/Tri-
Planar Scout/Calibration Scan, Sagittal 3D Accelerated MPRAGE/IRSPGR, Sagittal 3D
FLAIR • Axial T2 Star/GRE.

Table 1. Means and SDs for demographics, MMSE and GDS at three time points for aMCI patients
and healthy controls (HC).

Demographic Variables and
Neuropsychological Tests

Diagnostic
Group

Time 1
Baseline

Time 2 Six
Months

Time 3 Twelve
Months

Age (years) aMCI 70.0 (8.31)
HCs 70.26 (7.90)

Education (years) aMCI 10.00 (3.70)
HCs 10.13 (3.48)

Sex (%female)
aMCI 66.7%
HCs 66.7%

MMSE
aMCI 28.13 (1.40) 28.40 (1.84) 28.00 (1.69)
HCs 29.80 (0.14) 29.73 (0.45) 29.73 (0.43)

GDS-15
aMCI 0 (0.00) 1.46 (1.55) 1.73 (1.86)
HCs 0 (0.00) 1.33 (0.91) 1.46 (1.12)

3. Results

Statistical analyses were performed using SPSS software. The independent sample
two-tailed t-tests used for comparing the performance of healthy controls and aMCI patients
revealed (as expected) statistically significant differences for MMSE (t(28) = 4.400, p < 0.001)
at time point 1; at time point 2 and at time point 3 differences were also found between the
two groups for MMSE (t(28) = 2.718, p = 0.011 and t(28) = 3.833, p = 0.001, respectively).

At all three time points, a number of statistically significant Pearson correlations were
found among the MKMQ subscales for the aMCI sample (see Table 2 for baseline testing,
Table 3 for testing at six months and Table 4 for testing at twelve months).
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Table 2. Baseline correlations among MKMQ subscales.

Subdomains of MKMQ MKMQ
Easiness

MKMQ
Difficulty

MKMQ
Low

Demands

MKMQ
High

Demands

MKMQ Cognitive/
Metacognitive

Strategies

MKMQ
Enhancing
Strategies

MKMQ
Avoidance

MKMQ Easiness 1 −0.925 ** −0.932 ** −0.876 ** 0.594 ** 0.866 ** −0.925 **
0.000 0.000 0.000 0.001 0.000 0.000

MKMQ Difficulty −0.925 ** 1 0.929 ** 0.850 ** −0.614 ** −0.831 ** 0.924 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Low demands
−0.932 ** 0.929 ** 1 0.845 ** −0.593 ** −0.770 ** 0.929 **

0.000 0.000 0.000 0.001 0.000 0.000

MKMQ High demands −0.876 ** 0.850 ** 0.845 ** 1 −0.578 ** −0.743 ** 0.820 **
0.000 0.000 0.000 0.001 0.000 0.000

MKMQ Cognitive/
Metacognitive strategies

0.594 ** −0.614 ** −0.593 ** −0.578 ** 1 0.397 * −0.543 **
0.001 0.000 0.001 0.001 0.030 0.002

MKMQ Enhancing strategies 0.866 ** −0.831 ** −0.770 ** −0.743 ** 0.397 * 1 −0.789 **
0.000 0.000 0.000 0.000 0.030 0.000

MKMQ Avoidance
−0.925 ** 0.924 ** 0.929 ** 0.820 ** −0.543 ** −0.789 ** 1

0.000 0.000 0.000 0.000 0.002 0.000

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

Table 3. Correlations at six months among MKMQ subscales.

Subdomains of MKMQ MKMQ
Easiness

MKMQ
Difficulty

MKMQ
Low

Demands

MKMQ
High

Demands

MKMQ Cogni-
tive/Metacognitive

Strategies

MKMQ
Enhancing
Strategies

MKMQ
Avoidance

MKMQ Easiness 1 −0.915 ** −0.935 ** −0.868 ** 0.624 ** 0.883 ** −0.925 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Difficulty −0.915 ** 1 0.926 ** 0.860 ** −0.641 ** −0.845 ** 0.909 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Low demands
−0.935 ** 0.926 ** 1 0.868 ** −0.624 ** −0.799 ** 0.938 **

0.000 0.000 0.000 0.000 0.000 0.000

MKMQ High demands −0.868 ** 0.860 ** 0.868 ** 1 −0.597 ** −0.752 ** 0.819 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Cognitive/
Metacognitive strategies

0.624 ** −0.641 ** −0.624 ** −0.597 ** 1 0.427 * −0.561 **
0.000 0.000 0.000 0.000 0.019 0.001

MKMQ Enhancing strategies 0.883 ** −0.845 ** −0.799 ** −0.752 ** 0.427 * 1 −0.844 **
0.000 0.000 0.000 0.000 0.019 0.000

MKMQ Avoidance −0.925 ** 0.909 ** 0.938 ** 0.819 ** −0.561 ** −0.844 ** 1
0.000 0.000 0.000 0.000 0.001 0.000

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

Statistically significant differences were also found at the three time points for all
subscales of MKMQ between the two groups. More specifically, at baseline: metacognitive
knowledge of the self (easiness, fluency) (t(28) = 23.052, p < 0.001), metacognitive knowledge
of the self (difficulty, lack of fluency) (t(28) = 13.946, p < 0.001), metacognitive knowledge
of tasks (easy, low demands) (t(28) = 17.338, p < 0.001), metacognitive knowledge of tasks
(difficult, high demands) (t(28) = 8.595, p < 0.001), metacognitive knowledge of strategies
(cognitive/metacognitive strategies) (t(28) = 3.891, p = 0.001), metacognitive knowledge of
strategies (competence/enhancing strategies) (t(28) = 8.189, p < 0.001), and metacognitive
knowledge of strategies (avoidance strategies) (t(28) = 17.737, p < 0.001).

At six months, group differences were also found: metacognitive knowledge of the
self (easiness, fluency) (t(28) = 23.846, p < 0.001), metacognitive knowledge of the self
(difficulty, lack of fluency) (t(28) = 13.873, p < 0.001), metacognitive knowledge of tasks
(easy, low demands) (t(28) = 18.552, p < 0.001), metacognitive knowledge of tasks (dif-
ficult, high demands) (t(28) = 8.774, p < 0.001), metacognitive knowledge of strategies
(cognitive/metacognitive strategies) (t(28) = 3.986, p < 0.001), metacognitive knowledge of
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strategies (competence/enhancing strategies) (t(28) = 9.850, p < 0.001), and metacognitive
knowledge of strategies (avoidance strategies) (t(28) = 18.767, p < 0.001).

Table 4. Correlations at twelve months among MKMQ subscales.

Subdomains of MKMQ MKMQ
Easiness

MKMQ
Difficulty

MKMQ
Low

Demands

MKMQ
High

Demands

MKMQ Cogni-
tive/Metacognitive

Strategies

MKMQ
Enhancing
Strategies

MKMQ
Avoidance

MKMQ Easiness 1 −0.924 ** −0.930 ** −0.843 ** 0.678 ** 0.878 ** 0.942 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Difficulty −0.924 ** 1 0.877 ** 0.804 ** −0.714 ** −0.862 ** 0.905 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Low demands
−0.930 ** 0.877 ** 1 0.834 ** −0.681 ** −0.792 ** 0.933 **

0.000 0.000 0.000 0.000 0.000 0.000

MKMQ High demands −0.843 ** 0.804 ** 0.834 ** 1 −0.614 ** −0.715 ** 0.774 **
0.000 0.000 0.000 0.000 0.000 0.000

MKMQ Cognitive/
Metacognitive strategies

0.678 ** −0.714 ** −0.681 ** −0.614 ** 1 0.535 ** −0.620 **
0.000 0.000 0.000 0.000 0.002 0.000

MKMQ Enhancing strategies 0.878 ** −0.862 ** −0.792 ** −0.715 ** 0.535 ** 1 −0.840 **
0.000 0.000 0.000 0.000 0.002 0.000

MKMQ Avoidance
−0.942 ** 0.905 ** 0.933 ** 0.774 ** −0.620 ** −0.840 ** 1

0.000 0.000 0.000 0.000 0.000 0.000

** Correlation is significant at the 0.01 level (2-tailed).

At twelve months, group differences were also present: metacognitive knowledge
of the self (easiness, fluency) (t(28) = 22.813, p < 0.001), metacognitive knowledge of the
self (difficulty, lack of fluency) (t(28) = 13.123, p < 0.001), metacognitive knowledge of
tasks (easy, low demands) (t(28) = 16.679, p < 0.001), metacognitive knowledge of tasks
(difficult, high demands) (t(28) = 7.412, p < 0.001), metacognitive knowledge of strategies
(cognitive/metacognitive strategies) (t(28) = 4.703, p < 0.001), metacognitive knowledge of
strategies (competence/enhancing strategies) (t(28) = 9.259, p < 0.001), and metacognitive
knowledge of strategies (avoidance strategies) (t(28) = 22.671, p < 0.001) (see Table 5).

Table 5. Means and SDs for MKMQ subscales at three time points for aMCI patients and healthy
controls (HC).

MKMQ Diagnostic
Group Time 1 Baseline Time 2 Six Months Time 3 Twelve

Months

Metacognitive knowledge of the self
(easiness, fluency)

aMCI 7.26 (1.62) 7.46 (1.95) 7.40 (1.72)
HCs 26.13 (2.70) 25.80 (2.24) 26.00 (2.64)

Metacognitive knowledge of the self
(difficulty, lack of fluency)

aMCI 29.54 (4.30) 29.06 (3.82) 28.13 (3.13)
HCs 10.73 (2.93) 11.40 (3.11) 11.60 (3.01)

Metacognitive knowledge of tasks (easy,
low demands)

aMCI 27.40 (1.63) 26.80 (1.69) 27.20 (1.74)
HCs 11.80 (3.01) 11.66 (2.62) 12.00 (3.07)

Metacognitive knowledge of tasks
(difficult, high demands)

aMCI 23.53 (1.50) 22.46 (1.76) 22.60 (1.98)
HCs 12.13 (4.91) 11.93 (4.30) 12.53 (4.98)

Metacognitive knowledge of strategies
(cognitive/metacognitive strategies)

aMCI 27.53 (10.31) 27.46 (8.36) 28.13 (6.88)
HCs 38.66 (4.04) 37.53 (5.06) 37.86 (4.10)

Metacognitive knowledge of strategies
(competence/enhancing strategies)

aMCI 10.20 (3.36) 9.60 (3.31) 10.33 (2.52)
HCs 21.36 (4.25) 22.33 (2.35) 21.66 (4.01)

Metacognitive knowledge of strategies
(avoidance strategies)

aMCI 25.66 (2.19) 25.26 (1.94) 25.00 (1.13)
HCs 10.13 (2.58) 9.73 (2.54) 9.80 (2.33)

In addition to that, Spearman’s rank correlation coefficients (Rho) were computed
for all brain volumes and MKMQ subscales for the aMCI group. For the different brain
area volumes, the relative values are presented as calculated from the formula absolute
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specific area (e.g., hippocampal) volume (mm3) divided by total brain volume (mm3). The
choice to use Spearman’s rho was made due to the small sample size for the correlations
between brain volumes and different aspects of metacognitive knowledge. Only two
statistically significant positive correlations were found between knowledge of strategies
(avoidance strategies) and right amygdala (rho = 0.752, p = 0.001) and knowledge of
strategies (avoidance strategies) and left amygdala (rho = 0.662, p = 0.007) at baseline.
At six months, again only knowledge of strategies (avoidance strategies) (among other
metacognitive measures) was found to correlate in a statistically significant way with
white matter volume (rho = −0.655, p = 0.008), and with the left amygdala volume (rho
= 0.559, p = 0.030). At twelve months, metacognitive knowledge and use of avoidance
strategies was found to correlate with the right parahippocampal (rho = −0.535, p = 0.040)
and left parahippocampal volume (rho = −0.531, p = 0.042). Another point of interest is
that the difference between the last volume measurement (at 12 months) from the first
volume measurement (at baseline) indicated that there is only one statistically significant
correlation between knowledge of strategies (avoidance strategies) and left amygdala
volume (rho = 0.615, p = 0.019) (Table 6).

Table 6. Brain volumes according to MRI scans at three time points for aMCI patients.

Brain Volumes Time 1 Time 2 Time 3

Mean SD Mean SD Mean SD

Grey matter 615.5000 59.26440 604.4000 65.88930 602.0000 60.20350
White matter 483.7143 32.52083 478.3333 40.77055 472.5000 46.50352

Cerebrospinal fluid 249.0000 31.49115 244.6000 31.38198 243.7143 31.70156
Left amygdala 1.1146 0.15972 1.0783 0.16109 1.1033 0.15351

Right amygdala 1.0668 0.13987 1.0692 0.13678 1.0665 0.15446
Left angular gyrus 5.9858 1.20545 5.8498 1.20393 5.8760 1.09782

Right angular gyrus 7.4571 1.17819 7.1997 1.20355 7.0855 1.14347
Left frontal medial cortex 1.3699 0.18273 1.3324 0.19985 1.2892 0.24053

Right frontal medial cortex 1.1333 0.16789 1.1132 0.20153 1.0337 0.24338
Left superior medial frontal gyrus 4.4414 0.49929 4.2333 0.58564 4.1997 0.61565

Right superior medial frontal gyrus 4.4362 0.60162 4.3891 0.56302 4.3935 0.56785
Left hippocampus 3.8314 0.25130 3.7617 0.28969 3.7528 0.36514

Right hippocampus 4.1967 0.19877 4.1481 0.30571 4.1417 0.29808
Left precuneus 8.0972 0.91730 78278 1.10038 7.6520 1.17142

Right precuneus 8.7092 0.91615 8.4832 1.12564 8.4140 1.00827
Left parahippompal gyrus 2.4525 0.18433 2.4438 0.20976 2.4340 0.23914

Right parahippocampal gyrus 2.2660 0.22390 2.2555 0.21726 2.2477 0.25184
Left thalamus 4.6322 0.67738 4.5259 0.60639 4.4768 0.67836

Right thalamus 4.5693 0.86450 4.4524 0.71702 4.3926 0.82417

A two-way repeated measures ANOVA was also applied (one MANOVA, with the
three (instead of seven) subscales as outcome or dependent variables, the three timepoints
(within-subject) and the two groups (between-subject) as independent variables). For
metacognitive knowledge of the self, a statistically significant interaction was found for
Group × Time (F(2, 1733) = 3.132, p = 0.005) as it seems that healthy controls show a
growing metacognitive knowledge of self in comparison to aMCI patients who present
a diminishing relevant score (see Figure 1). This finding may be due to the declining
cognitive capacities of aMCI patients, which may also affect their statements regarding
metacognitive knowledge of self.
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Figure 1. Metacognitive knowledge of self for the two groups in three time points. Note: Group
1 = Healthy; Group 2 = aMCI patients.

For metacognitive knowledge of tasks, a main effect of time was found (F(2, 1706) = 3.832,
p = 0.028) as well as an interaction effect of Group × Time (F(2, 1706) = 2.943, p = 0.050), a
finding that reveals that healthy controls report higher metacognitive knowledge of tasks
(low levels of difficulty), based also on their better cognitive performance (as depicted in
MMSE scores of overall cognitive performance at three time points) compared to aMCI
patients. A possible explanation of the higher scores of reporting difficulty in metacognitive
knowledge of tasks in aMCI patients could be based on the fact that changes in their overall
cognition also influence their responses regarding perceived demands of mathematical
operations that these individuals were taught in their early school years (see Figure 2).
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For metacognitive knowledge of strategies, an interaction effect of Group × Time
(F(2, 1674) = 560, p = 0.020) was found, a finding that supports the idea that although
healthy controls seem to present a diminishing tendency of using demanding metacognitive
strategies most of the time, they still present a clear difference above the mean scores of
aMCI patients at all three time points (see Figure 3).

Diagnostics 2023, 13, x FOR PEER REVIEW 9 of 13 
 

 

 
Figure 2. Metacognitive knowledge of tasks for the two groups in three time points. Note: Group 1 
= Healthy; Group 2 = aMCI patients. 

For metacognitive knowledge of strategies, an interaction effect of Group x Time 
(F(2, 1674) = 560, p = 0.020) was found, a finding that supports the idea that although 
healthy controls seem to present a diminishing tendency of using demanding metacog-
nitive strategies most of the time, they still present a clear difference above the mean 
scores of aMCI patients at all three time points (see Figure 3). 

 
Figure 3. Metacognitive knowledge of strategies for the two groups in three time points. Note: 
Group 1 = Healthy; Group 2 = aMCI patients. 

  

Figure 3. Metacognitive knowledge of strategies for the two groups in three time points. Note: Group
1 = Healthy; Group 2 = aMCI patients.

4. Discussion

Differences between healthy controls and aMCI patients in all aspects of metacogni-
tive knowledge (self, task, and strategies) is an interesting new finding that could assist
clinicians in the preparation of relevant cognitive and metacognitive interventions for this
diagnostic group. Overall, healthy controls reported higher metacognitive knowledge of
the self (easiness, fluency) in contrast to aMCI patients, while more difficulty was expe-
rienced by aMCI patients regarding metacognitive knowledge of the self (difficulty, lack
of fluency). Healthy controls find tasks with low demands less difficult (such as addition,
subtraction etc.) than metacognitive knowledge of tasks (easy, low demands), as well as
more difficult tasks with higher demands (metacognitive knowledge of tasks (difficult,
high demands)) such as fractions, compared to aMCI patients. Metacognitive knowledge of
strategies (cognitive/metacognitive strategies) and metacognitive knowledge of strategies
(competence/enhancing strategies) are used more by healthy controls compared to aMCI
patients, based on their self-reports. Finally, metacognitive knowledge of strategies (avoid-
ance strategies) is mentioned more by aMCI patients compared to healthy older adults.
Given that both groups had the same demographics, including education (as measured in
years), these differences cannot be explained by educational level differences, but could be
considered as symptoms revealed in aMCI.

It is of interest that when metacognitive knowledge of self was inserted as a composite
variable, healthy controls showed higher metacognitive knowledge of self and metacog-
nitive strategies in all three time points, but higher metacognitive knowledge of tasks
and lower expressed perceived difficulty compared to aMCI patients. Although these
findings are considered as expected, they are examined for the first time in this study. These
findings demonstrate the relatively intact metacognitive control in healthy aging [40], but
we cannot exclude that these statements may also depict overestimations on the part of
the healthy controls or underestimations made by the aMCI patients, although the cog-
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nitive and metacognitive deficits of the aMCI diagnostic group could explain a possible
inaccuracy of self-reports in aMCI [41].

Although the general scientific literature links metacognition to frontal structures, this
study failed to detect direct significant relationships between frontal volumes in aMCI
and metacognition, a finding that may be explained by the slight volumetric changes for
this group of patients, compared with the more prominent neuronal death and therefore
volume decrease found in AD patients. Another point that is of interest is that the larger
the size of the amygdala (both left and right) in aMCI patients, the more the reported
avoidance strategies. The amygdala is considered to be a limbic structure involved in
emotion regulation, emotional learning and memory [42,43]. This may serve as an addition
to existing findings that support so far that prolonged experienced stress leads to increases
in measures of amygdala structure in animals, such as rodents [44–46]. This means that the
amygdala is one of the few crucial structures that generally increases in volume in response
to chronic stress [44,46,47]. In addition to that, parahippocampal volumes seem to be of
interest, given that parahippocampal atrophy is linked to cognitive decline [48,49] and may
be linked to the avoidance that individuals express when they are confronted by cognitive
mathematical problems. The point regarding the parahippocampal volume correlation
with metacognitive knowledge and use of avoidance strategies should be approached with
caution. A plethora of studies supports reduction of hippocampus and parahippocampal
structures due to chronic stress, not only in PTSD patients [50–52]. Although in this sample
depressive symptomatology was examined before inclusion to the study protocol, and
participants with high GDS-15 scores were excluded, no relevant tool examining stress
levels was administered due to time restrictions in order to exclude possible chronic-stress-
induced volume loss.

The above could be used in future clinical practice, and assist in the diagnosis of possi-
ble deficits in the everyday lives of aMCI patients, especially when arithmetic, mathematical,
and financial problems are encountered. In addition to that, the fact that only avoidance
strategies have moderate correlations with brain measurements should be investigated in
further detail in future research.

One of the major limitations of this study is the small size, but this is a problem that was
solved through one-to-one matching of the two groups of participants. In addition to that,
the comparisons between the two groups lack support from MRI data for the HC group,
thus this study was based on a self-report questionnaire; however, given the literature on the
nature of metacognition [47], this is the most useful and recommended way of approaching
(through self-perception statements) metacognitive knowledge. Future studies should
examine in more detail the detected brain areas that correlate with metacognitive self-
reported changes not only in aMCI patients, but also in other groups of patients suffering
from mild as well as major neurocognitive disorders due to different etiologies.

5. Conclusions

These findings indicate that even at baseline, there are some so far disregarded inter-
esting relationships between metacognitive easiness, which is negatively correlated with
metacognitive knowledge of tasks with low demands, thus implying that aMCI patients
claim that they can easily solve mathematical problems and at the same time they find
low demand tasks very difficult, such as those that include fundamental operations in
mathematics (e.g., addition and subtraction). Despite this contradiction, aMCI patients
show overall higher perceived difficulty in metacognitive knowledge of tasks, and lower
metacognitive knowledge of self and metacognitive strategies compared to healthy con-
trols. The study results are of utmost importance for clinical practice and everyday life,
as altered metacognitive self-evaluations regarding mathematical tasks may render older
adults vulnerable to financial abuse.



Diagnostics 2023, 13, 680 11 of 13

Author Contributions: Conceptualization, V.G.; methodology, V.G.; software, V.G.; validation, V.G.;
formal analysis, V.G.; investigation, V.G.; resources, V.G.; data curation, V.G.; writing—original draft
preparation, V.G.; writing—review and editing, V.G.; supervision, M.T.; project administration, V.G.
and M.T.; funding acquisition, M.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of School of Medicine, Aristotle University of
Thessaloniki (protocol code 2.27/3/2013, date of approval 27 March 2013).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy issues.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Flavell, J.H. Metacognition and cognitive monitoring: A new area of cognitive–developmental inquiry. Am. Psychol. 1979, 34, 906.

[CrossRef]
2. Kuhlmann, B.G.; Touron, D.R. Older adults’ use of metacognitive knowledge in source monitoring: Spared monitoring but

impaired control. Psychol. Aging 2011, 26, 143–149. [CrossRef]
3. Hertzog, C. Aging and metacognitive control. In The Oxford Handbook of Metamemory; Dunlosky, J., Tauber, S.K., Eds.; Oxford

University Press: Oxford, UK, 2016; pp. 537–558.
4. Irak, M.; Çapan, D. Beliefs about memory as a mediator of relations between metacognitive beliefs and actual memory perfor-

mance. J. Gen. Psychol. 2018, 145, 21–44. [CrossRef] [PubMed]
5. Fragkiadaki, S.; Kontaxopoulou, D.; Beratis, I.N.; Andronas, N.; Economou, A.; Yannis, G.; Papanicolaou, A.; Papageorgiou, S.G.

Self-awareness of cognitive efficiency: Differences between healthy elderly and patients with mild cognitive impairment (MCI).
J. Clin. Exp. Neuropsychol. 2016, 38, 1144–1157. [CrossRef]

6. Giannouli, V.; Tsolaki, M. Self-awareness of cognitive efficiency, cognitive status, insight, and financial capacity in patients with
mild AD, aMCI, and healthy controls: An intriguing liaison with clinical implications? Neurol. Int. 2022, 14, 628–637. [CrossRef]

7. Okonkwo, O.C.; Griffith, H.R.; Vance, D.E.; Marson, D.C.; Ball, K.K.; Wadley, V.G. Awareness of functional difficulties in mild
cognitive impairment: A multidomain assessment approach. J. Am. Geriatr. Soc. 2009, 57, 978–984. [CrossRef]

8. Orfei, M.D.; Blundo, C.; Celia, E.; Casini, A.R.; Caltagirone, C.; Spalletta, G.; Varsi, A.E. Anosognosia in mild cognitive impairment
and mild Alzheimer’s disease: Frequency and neuropsychological correlates. Am. J. Geriatr. Psychiatry 2010, 18, 1133–1140.
[CrossRef] [PubMed]

9. Vogel, A.; Stokholm, J.; Gade, A.; Andersen, B.B.; Hejl, A.M.; Waldemar, G. Awareness of deficits in mild cognitive impairment
and Alzheimer’s disease: Do MCI patients have impaired insight? Dement. Geriatr. Cogn. Disord. 2004, 17, 181–187. [CrossRef]

10. Piras, F.; Piras, F.; Orfei, M.D.; Caltagirone, C.; Spalletta, G. Self-awareness in mild cognitive impairment: Quantitative evidence
from systematic review and meta-analysis. Neurosci. Biobehav. Rev. 2016, 61, 90–107. [CrossRef] [PubMed]

11. Zanetti, O.; Vallotti, B.; Frisoni, G.B.; Geroldi, C.; Bianchetti, A.; Pasqualetti, P.; Trabucchi, M. Insight in dementia: When does it
occur? Evidence for a nonlinear relationship between insight and cognitive status. J. Gerontol. B Psychol. Sci. Soc. Sci. 1999, 54,
100–106. [CrossRef] [PubMed]

12. Giannouli, V.; Tsolaki, M. Vascular dementia, depression, and financial capacity assessment. Alzheimer. Dis. Assoc. Disord. 2021,
35, 84–87. [CrossRef] [PubMed]

13. Giannouli, V.; Tsolaki, M. Mild Alzheimer Disease, financial capacity, and the role of depression: Eyes wide shut? Alzheimer. Dis.
Assoc. Disord. 2021, 35, 360–362. [CrossRef] [PubMed]

14. Giannouli, V.; Tsolaki, M. Depression and financial capacity assessment in Parkinson’s disease with dementia: Overlooking an
important factor? Psychiatriki. 2019, 30, 66–70. [CrossRef] [PubMed]

15. Giannouli, V.; Tsolaki, M. Unraveling Ariadne’s thread into the labyrinth of aMCI: Depression and financial capacity. Alzheimer.
Dis. Assoc. Disord. 2021, 35, 363–365. [CrossRef]

16. Giannouli, V.; Stamovlasis, D.; Tsolaki, M. Exploring the role of cognitive factors in a new instrument for elders’ financial capacity
assessment. J. Alzheimer’s Dis. 2018, 62, 1579–1594. [CrossRef] [PubMed]

17. Giannouli, V.; Tsolaki, M. Frontotemporal dementia and financial capacity: Facing the Cerberus of overestimation or underestima-
tion? Australas. Psychiatry 2022, 30, 41–43. [CrossRef]

18. Giannouli, V.; Tsolaki, M. A neglected drama for elders: Discrepancy between self-perception and objective performance regarding
financial capacity in patients with cognitive deficits. Psychol. Thought. 2015, 8, 142–147. [CrossRef]

19. Giannouli, V.; Tsolaki, M. Questions about dementia with Lewy Bodies, personal beliefs and real performance for financial
capacity tasks. Eur. Psychiatry 2016, 33 (Suppl. S1), S469–S470. [CrossRef]

http://doi.org/10.1037/0003-066X.34.10.906
http://doi.org/10.1037/a0021055
http://doi.org/10.1080/00221309.2017.1411682
http://www.ncbi.nlm.nih.gov/pubmed/29336688
http://doi.org/10.1080/13803395.2016.1198469
http://doi.org/10.3390/neurolint14030051
http://doi.org/10.1111/j.1532-5415.2009.02261.x
http://doi.org/10.1097/JGP.0b013e3181dd1c50
http://www.ncbi.nlm.nih.gov/pubmed/20808100
http://doi.org/10.1159/000076354
http://doi.org/10.1016/j.neubiorev.2015.10.002
http://www.ncbi.nlm.nih.gov/pubmed/26639655
http://doi.org/10.1093/geronb/54B.2.P100
http://www.ncbi.nlm.nih.gov/pubmed/10097772
http://doi.org/10.1097/WAD.0000000000000374
http://www.ncbi.nlm.nih.gov/pubmed/32366802
http://doi.org/10.1097/WAD.0000000000000427
http://www.ncbi.nlm.nih.gov/pubmed/33443873
http://doi.org/10.22365/jpsych.2019.301.66
http://www.ncbi.nlm.nih.gov/pubmed/31115356
http://doi.org/10.1097/WAD.0000000000000417
http://doi.org/10.3233/JAD-170812
http://www.ncbi.nlm.nih.gov/pubmed/29504530
http://doi.org/10.1177/10398562211005444
http://doi.org/10.5964/psyct.v8i2.130
http://doi.org/10.1016/j.eurpsy.2016.01.1712


Diagnostics 2023, 13, 680 12 of 13

20. Zamboni, G.; Drazich, E.; McCulloch, E.; Filippini, N.; Mackay, C.E.; Jenkinson, M.; Tracey, I.; Wilcock, G.K. Neuroanatomy of
impaired self-awareness in Alzheimer’s disease and mild cognitive impairment. Cortex 2013, 49, 668–678. [CrossRef]

21. Pannu, J.K.; Kaszniak, A.W. Metamemory experiments in neurological populations: A review. Neuropsychol. Rev. 2005, 15,
105–130. [CrossRef]

22. Tanaka, M.; Toldi, J.; Vécsei, L. Exploring the etiological links behind neurodegenerative diseases: Inflammatory cytokines and
bioactive kynurenines. Int. J. Mol. Sci. 2020, 21, 2431. [CrossRef]

23. Giannouli, V.; Tsolaki, M. Financial capacity of patients with mild Alzheimer’s Disease: What neurologists need to know about
where the impairment lies. Neurol. Int. 2022, 14, 90–98. [CrossRef]

24. Giannouli, V.; Tsolaki, M. Are left angular gyrus and amygdala volumes important for financial capacity in mild cognitive
impairment? Hell. J. Nucl. Med. 2019, 22, 160–164. [PubMed]

25. Stoeckel, L.E.; Stewart, C.C.; Griffith, H.R.; Triebel, K.; Okonkwo, O.C.; den Hollander, J.A.; Martin, R.C.; Belue, K.; Copeland,
J.N.; Harrell, L.E.; et al. MRI volume of the medial frontal cortex predicts financial capacity in patients with mild Alzheimer’s
disease. Brain. Imaging Behav. 2013, 7, 282–292. [CrossRef] [PubMed]

26. Efklides, A.; Vlachopoulos, S.P. Measurement of metacognitive knowledge of self, task, and strategies in mathematics. Eur. J.
Psychol. Assess. 2012, 28, 227–239. [CrossRef]

27. Fountoulakis, C.; Tsolaki, M.; Chantzi, H.; Kazis, A. Mini Mental State Examination (MMSE): A validation study in demented
patients from the elderly Greek population. Am. J. Alzheimer’s Dis. 2000, 15, 342–347. [CrossRef]

28. Fountoulakis, K.N.; Tsolaki, M.; Iacovides, A.; Yesavage, J.; O’Hara, R.; Kazis, A.; Ierodiakonou, C. The validation of the short
form of the Geriatric Depression Scale (GDS) in Greece. Aging Clin. Exp. Res. 1999, 11, 367–372. [CrossRef] [PubMed]

29. Morris, J.C. The Clinical Dementia Rating (CDR): Current version and scoring rules. Neurology 1993, 43, 2412–2414. [CrossRef]
[PubMed]

30. Rosen, W.G.; Mohs, R.C.; Davis, K.L. A new rating scale for Alzheimer’s disease. Am. J. Psychiatry 1984, 141, 1356–1364.
31. Politis, A.M.; Mayer, L.S.; Passa, M.; Maillis, A.; Lyketsos, C. Validity and reliability of the newly translated Hellenic Neuropsychi-

atric Inventory (H-NPI) applied to Greek outpatients with Alzheimer‘s disease: A study of disturbing behaviors among referrals
to a memory clinic. Intern. J. Geriatr. Psychiatry 2004, 19, 203–208. [CrossRef]

32. Taylor, M.A. The Fundamentals of Clinical Neuropsychiatry; Oxford University Press: New York, NY, USA, 1999; pp. 357–358.
33. Kounti, F.; Tsolaki, M.; Nikolaides, E. The administration of Rey Auditory Verbal Learning test to Greek healthy, mildly

cognitively impaired and demented elderly. In Proceedings of the 1st International Conference on Quality of Life and Psychology,
Thessaloniki, Greece, 3–5 December 2004.

34. Tuokko, H.; Hadjistavropoulos, T.; Miller, J.A.; Beattie, B.L. The Clock Test: A sensitive measure to differentiate normal elderly
from those with Alzheimer disease. J. Am. Geriatr. Soc. 1992, 40, 579–584. [CrossRef] [PubMed]

35. Vlahou, C.H.; Kosmidis, M.H. The Greek Trail Making Test: Preliminary norms for clinical and research use. Psychol. J. Hell.
Psychol. Soc. 2002, 9, 336–352.

36. Wechsler, D.; De Lemos, M.M. Wechsler Adult Intelligence Scale-Revised; Harcourt Brace Jovanovich: New York, NY, USA, 1981.
37. Tsolaki, M.; Tsantali, E.; Lekka, S.; Kiosseoglou, G.; Kazis, A. Can the Boston Naming Test be used as clinical tool for differential

diagnosis in dementia? Brain Lang. 2003, 1, 185–186. [CrossRef]
38. Wechsler, D. Manual for the Wechsler Adult Intelligence Scale, 3rd ed.; Psychological Corporation: San Antonio, TX, USA, 1997.
39. Kosmidis, M.H.; Vlahou, C.H.; Panagiotaki, P.; Kiosseoglou, G. The verbal fluency task in the Greek population: Normative data,

and clustering and switching strategies. J. Int. Neuropsychol. Soc. 2004, 10, 164–172. [CrossRef]
40. Hertzog, C.; Hultsch, D.F. Metacognition in adulthood and old age. In The Handbook of Aging and Cognition; Craik, F.I.M.,

Salthouse, T.A., Eds.; Lawrence Erlbaum Associates Publishers: Mahwah, NJ, USA, 2000; pp. 417–466.
41. Perrotin, A.; Belleville, S.; Isingrini, M. Metamemory monitoring in mild cognitive impairment: Evidence of a less accurate

episodic feeling-of-knowing. Neuropsychologia 2007, 45, 2811–2826. [CrossRef]
42. Davis, M.; Whalen, P.J. The amygdala: Vigilance and emotion. Mol. Psychiatry 2001, 6, 13–34. [CrossRef] [PubMed]
43. Quirk, G.J.; Beer, J.S. Prefrontal involvement in the regulation of emotion: Convergence of rat and human studies. Curr. Opin.

Neurobiol. 2006, 16, 723–727. [CrossRef]
44. Vyas, A.; Mitra, R.; Shankaranarayana Rao, B.S.; Chattarji, S. Chronic stress induces contrasting patterns of dendritic remodeling

in hippocampal and amygdaloid neurons. J. Neurosci. 2002, 22, 6810–6818. [CrossRef]
45. Vyas, A.; Bernal, S.; Chattarji, S. Effects of chronic stress on dendritic arborization in the central and extended amygdala. Brain

Res. 2003, 965, 290–294. [CrossRef]
46. Mitra, R.; Jadhav, S.; McEwen, B.S.; Vyas, A.; Chattarji, S. Stress duration modulates the spatiotemporal patterns of spine formation

in the basolateral amygdala. Proc. Natl. Acad. Sci. USA 2005, 102, 9371–9376. [CrossRef]
47. Tottenham, N.; Hare, T.A.; Quinn, B.T.; McCarry, T.W.; Nurse, M.; Gilhooly, T.; Millner, A.; Galvan, A.; Davidson, M.; Eigsti, I.-M.;

et al. Prolonged institutional rearing is associated with atypically large amygdala volume and difficulties in emotion regulation.
Dev. Sci. 2010, 13, 46–61. [CrossRef] [PubMed]

48. Pantel, J.; Kratz, B.; Essig, M.; Schröder, J. Parahippocampal volume deficits in subjects with aging-associated cognitive decline.
Am. J. Psychiatry 2003, 160, 379–382. [CrossRef]

49. Craig, K.; Hale, D.; Grainger, C.; Stewart, M.E. Evaluating metacognitive self-reports: Systematic reviews of the value of self-report
in metacognitive research. Metacogn. Learn. 2020, 15, 155–213. [CrossRef]

http://doi.org/10.1016/j.cortex.2012.04.011
http://doi.org/10.1007/s11065-005-7091-6
http://doi.org/10.3390/ijms21072431
http://doi.org/10.3390/neurolint14010008
http://www.ncbi.nlm.nih.gov/pubmed/30877733
http://doi.org/10.1007/s11682-013-9226-3
http://www.ncbi.nlm.nih.gov/pubmed/23504597
http://doi.org/10.1027/1015-5759/a000145
http://doi.org/10.1177/153331750001500604
http://doi.org/10.1007/BF03339814
http://www.ncbi.nlm.nih.gov/pubmed/10738851
http://doi.org/10.1212/WNL.43.11.2412-a
http://www.ncbi.nlm.nih.gov/pubmed/8232972
http://doi.org/10.1002/gps.1045
http://doi.org/10.1111/j.1532-5415.1992.tb02106.x
http://www.ncbi.nlm.nih.gov/pubmed/1587974
http://doi.org/10.1016/S0093-934X(03)00262-1
http://doi.org/10.1017/S1355617704102014
http://doi.org/10.1016/j.neuropsychologia.2007.05.003
http://doi.org/10.1038/sj.mp.4000812
http://www.ncbi.nlm.nih.gov/pubmed/11244481
http://doi.org/10.1016/j.conb.2006.07.004
http://doi.org/10.1523/JNEUROSCI.22-15-06810.2002
http://doi.org/10.1016/S0006-8993(02)04162-8
http://doi.org/10.1073/pnas.0504011102
http://doi.org/10.1111/j.1467-7687.2009.00852.x
http://www.ncbi.nlm.nih.gov/pubmed/20121862
http://doi.org/10.1176/appi.ajp.160.2.379
http://doi.org/10.1007/s11409-020-09222-y


Diagnostics 2023, 13, 680 13 of 13

50. Basavaraju, R.; France, J.; Maas, B.; Brickman, A.M.; Flory, J.D.; Szeszko, P.R.; Yehuda, R.; Neria, Y.; Rutherford, B.R.; Provenzano,
F.A. Right parahippocampal volume deficit in an older population with posttraumatic stress disorder. J. Psychiatr. Res. 2021, 137,
368–375. [CrossRef]

51. Bromis, K.; Calem, M.; Reinders, A.A.; Williams, S.C.; Kempton, M.J. Meta-analysis of 89 structural MRI studies in posttraumatic
stress disorder and comparison with major depressive disorder. Am. J. Psychiatry 2018, 175, 989–998. [CrossRef]

52. Schoenfeld, T.J.; McCausland, H.C.; Morris, H.D.; Padmanaban, V.; Cameron, H.A. Stress and loss of adult neurogenesis
differentially reduce hippocampal volume. Biol. Psychiatry 2017, 82, 914–923. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jpsychires.2021.03.015
http://doi.org/10.1176/appi.ajp.2018.17111199
http://doi.org/10.1016/j.biopsych.2017.05.013
http://www.ncbi.nlm.nih.gov/pubmed/28629541

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

