Check for
updates

Received: 16 July 2019
DOI: 10.1002/gps.5274

Accepted: 21 January 2020

RESEARCH ARTICLE

St WILEY

Memory impairment and Alzheimer's disease pathology in
individuals with MCIl who underestimate or overestimate their

decline

Noa Bregman'?© |

Gitit Kavél® |

Ehud Zeltzer' | Iftah Biran® | for the Alzheimer's

Disease Neuroimaging Initiative®

Cognitive Neurology Unit, Neurological
Institute, Tel Aviv Sourasky Medical Center,
Tel Aviv, Israel

2Sackler School of Medicine, Tel Aviv
University, Tel Aviv, Israel

3Department of Education and Psychology,
The Open University, Ra'anana, Israel

Correspondence

Noa Bregman, MD, Cognitive Neurology Unit,
Neurological Institute, Tel Aviv Sourasky
Medical Center, 6 Weizman Street, Tel Aviv,
6423906, Israel,

Tel: 972-3-697-3698;

Fax: 972-3-695-0365,

Email: noabr@tlvmc.gov.il

Funding information

Department of Defense, Grant/Award
Number: W81XWH-12-2-0012; National
Institutes of Health, Grant/Award Number:
U01 AG024904; Alzheimer's Disease
Neuroimaging Initiative; Alzheimer's Disease
Neuroimaging Initiative

1 | INTRODUCTION

Abstract

Objectives: The aim of this study was to examine whether the discrepancy between
participant and informant estimation of memory decline can predict MCl prognosis.
Methods: Analyses involved data from individuals with MCI enrolled in the
Alzheimer's Disease Neuroimaging Initiative (ADNI) who filled the Everyday Cogni-
tion questionnaire. Participants who underestimated (N = 112) and overestimated
(N = 157) their memory decline were compared on memory tasks, brain volume, and
cerebrospinal markers, at study entry and after 24 months.

Results: Individuals who underestimated their memory decline performed more
poorly on memory tests, had smaller hippocampus volume, and greater Alzheimer's
disease pathology than did individuals who overestimated their cognitive decline.
Longitudinal comparisons demonstrated that individuals who underestimated their
decline deteriorated more significantly in memory and in brain measures.
Conclusions: Underestimation of memory decline should raise clinicians' suspicion of

the existence of AD pathology in individuals with MCI.
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However, not all studies find a relationship between subjective and
objective deficits,>® possibly due to anosognosia or inaccurate self-

Large community-based studies have shown that up to 60% of older
adults complain of memory decline,? yet the significance of such com-
plaints is highly controversial. There is ample evidence that subjective
complaints are a risk factor for conversion from normal cognition to

mild cognitive impairment (MCI) and subsequently to dementia.?™*

TData used in preparation of this article were obtained from the Alzheimer's Disease
Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). As such, the investigators within
the ADNI contributed to the design and implementation of ADNI and/or provided data but
did not participate in analysis or writing of this report. A complete listing of ADNI
investigators can be found at: http://adni.loni.usc.edu/wpcontent/uploads/how_to_apply/
ADNI_Acknowledgement_List.pdf

estimation of deficit in individuals with MCL.” In the current study, we
examine whether a simple calculation of the tendency to underesti-
mate or overestimate memory decline holds diagnostic and prognostic
values in the assessment of MCI.

Research suggests that there is individual variability in awareness
of memory decline in MCI.2 Edmonds et al.” found that individuals
with MCI who have greater objective cognitive deficits tend to under-
estimate their decline relative to their informants. In addition, some
studies demonstrate that lack of awareness of deficit is an indepen-
dent predictor of conversion from MCI to dementia,”° and that indi-

viduals with MCI who are less aware of their deficits show a more
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rapid decline in cognitive functions than do individuals who are more
aware of their decline.!? Cacciamani et al.!2 argue that individuals
with cognitive concerns who exhibit low awareness, as measured by a
discrepancy between their own reports and those provided by infor-
mants, are likely to have preclinical Alzheimer's disease
(AD) pathology. Thus, it might be useful to compare participant and
informant estimates of memory decline in order to determine the eti-
ology and prognosis of MCI. However, previous studies of the dis-
crepancy between participant and informant estimates of decline
have employed various different measures to calculate this discrep-
ancy, including sample-specific cutoffs that are difficult to apply in the
clinic.”?*%3 For clinicians to use a discrepancy score routinely, they
should be able to calculate it as simply and as intuitively as possible.

In the current study, we subtracted informant estimate of mem-
ory decline from participant estimate, and classified participants into
two groups of underestimation and overestimation. We examine
whether these two groups differ in objective memory performance at
baseline as well as after 24 months, and whether they differ in brain
volume and in AD pathology burden as reflected in cerebrospinal
(CSF) measures. Individuals with subjective memory complaints show
decreased grey matter volume relative to individuals with no such
complaints, especially in the mesial-temporal lobe.'* Moreover, indi-
viduals with memory complaints show hippocampal subfield changes
that are similar to the pattern seen in AD.*® Thus, the presence of
cognitive complaints might indicate underlying neurodegenerative
changes that correspond to the preclinical stage of AD. We also look
at CSF levels of amyloid beta 1-42 (AB_4,) and hyper-phosphorylated
tau protein (p-tauigs-p) as indications of disease burden, since low
CSF ARq.4, together with high p-tauig;., are indicative of prodro-
mal AD.*®

We hypothesize that individuals with MCI who underestimate
their memory decline relative to their informants will demonstrate
greater memory impairment than individuals who overestimate their
decline. We also assume that there will be greater AD pathology in
individuals who underestimate their memory decline than in individ-
uals who overestimate their decline. Our aim is to show that a simple
calculation of evaluation discrepancy can help predict which individ-
uals with MCI will be at a higher risk of developing AD.

2 | METHODS

Data used for this article were obtained from the ADNI database
(adni.loni.usc.edu). The ADNI was initiated in the US in 2003 by the
National Institute on Aging (NIA), the National Institute of Biomedical
Imaging and Bioengineering (NIBIB), the Food and Drug Administra-
tion (FDA), private pharmaceutical companies, and non-profit organi-
zations. Michael W. Weiner, MD, was the Principal Investigator for
this initiative. A full list of all research partners can be found on the
ADNI website. ADNI was conducted according to Good Clinical Prac-
tice guidelines, the Declaration of Helsinki, US 21CFR Part
50-Protection of Human Subjects, and Part 56-Institutional Review

Boards, following all relevant state and federal HIPAA regulations.

Key points
e Individuals who underestimate their decline perform
more poorly on memory tests

¢ Individuals who underestimate their decline have smaller
hippocampus volume and lower AR;.4, levels

e Individuals who underestimate their decline deteriorate
more significantly in memory and in brain measures over
24 months

¢ Underestimation of decline may increase the likelihood of
AD pathology in individuals with MCI

21 | Participants

The sample for the current study included all individuals enrolled in
ADNI2 who completed the Everyday Cognition (ECog) questionnaire
at study entry and at 24 months, and received a diagnosis of MCI at
their initial screening. We used only ADNI2 data because in other
phases some of the variables were not collected. To be defined as
MCI, individuals had to have a subjective memory concern as reported
by the participant, a study partner, or a clinician; score 24 or above on
the Mini-Mental State Exam (MMSE)!’; receive a rating of 0.5 on the
Clinical Dementia Rating (CDR)*®; and report no depression, as veri-
fied by a score of 5 or below on the Geriatric Depression Scales
(GDS).*” Another inclusion criteria was having a study partner who
had frequent contact with the participant (eg, an average of 10 hours
per week or more), and could attend all clinic visits for the duration of
the protocol. Participants and study partners provided written

informed consent before any protocol-specific procedures began.

3 | MATERIALS AND PROCEDURES

3.1 | Everyday Cognition Questionnaire (ECog)

The ECog questionnaire?® examines changes in functioning in the
domains of memory, language, visuospatial abilities, planning, organi-
zation, and divided attention. Participants were asked to rate the abil-
ity to perform everyday tasks now as compared to the ability to do
these same tasks 10 years earlier. Ratings were provided on a four-
point scale: 1 = there has been no change in ability, or performance is
better compared to 10 years earlier; 2 = occasionally performs the
task worse than 10 years earlier but not all the time; 3 = consistently
performs the task a little worse than 10 years earlier; 4 = consistently
performs the task much worse than 10 years earlier. There was also
an option to mark “l don't know”, which was later removed from the
data file (the dataset included only 11 [0.2%)] such responses). Both par-
ticipants and study-partners completed the questionnaire and instruc-
tions were adjusted as necessary. This made it possible to compare self-

report and informant-report. We used the eight memory items, including
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statements such as: “Remembering a few shopping items without a list”,
“Remembering things that happened recently (such as recent outings,
events in the news)”. We calculated the average ratings on these items

as provided by the participant and by the informant.

3.2 | Neuropsychological assessment

Memory was examined by the Rey Auditory Verbal Learning Test
(RAVLT),?* as well as by the Logical Memory sub-test of the Wechsler
memory Scale (WMS).22 The RAVLT assesses the ability to learn a list
of 15 items over five trials. The variables used for the current study
were immediate memory and delayed recall. Inmediate memory was
examined after presentation and recall of a distracter list, and delayed
recall was examined 30 minutes later. Each score could range
between 0 and 15. The Logical Memory test examines the ability to
acquire a short paragraph that is read aloud to the participant. Imme-
diate memory is the number of items recalled correctly following story
presentation, and delayed memory is the number of items recalled
correctly at least 30 and no more than 40 minutes later. Every piece
of information received 1 point, leading to a score between O and

25 on the immediate and the delayed tasks.

3.3 | Structural neuroimaging

Participants underwent brain magnetic resonance imaging (MRI)
scans, using a 3 T scanner. Specific protocols are described else-
where.?® Volumetric data were derived from the UCSF Cross-
sectional free-surfer analysis of the ADNI2 MRI scans. Cortical recon-
struction and volumetric segmentation were performed with the
Free-surfer image analysis suite (freely available at http://surfer.nmr.
mgh.harvard.edu/). FreeSurfer morphometric procedures have been
demonstrated to show good test-retest reliability across scanner man-
ufacturers and across field strengths.?* Neuroimaging data were
obtained within 180 days of the ECog ratings. For the current
analyses, we looked at whole brain volume, intra-cranial volume, and
the ratio between them as documented at study entry, as well as at

hippocampus volume at study entry and at 24 months.

3.4 | Cerebrospinal fluid (CSF) measures

Lumbar puncture was performed as described in the ADNI manual
(http://www.adni-info.org/). CSF samples were collected at study entry
and at 24 months, and CSF amyloid beta 1-42 (AR14,) and hyper-
phosphorylated tau (p-tau;g;-p) levels were measured based on standard-
ized protocols outlined by the ADNI Biomarker Core laboratory at the
University of Pennsylvania Medical Center.?> High levels of p-tausgip
indicate neurofibrillary tangle pathology, and low levels of AR4_4, indicate
amyloid plaque pathology. We treated AR, 4, values greater than 1700
as 1700. We also looked at the ratio between these two variables, since

it predicts decline in individuals with MCI.26%7
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Statistical analysis

35 |

First, we divided all participants into two groups according to the dis-
crepancy score between participant and informant ratings on the
ECog memory scale at study entry. Next, we conducted an initial Mul-
tivariate Analyses of Variance (MANQOVA) that compared groups on
all dependent variables together. This analysis was performed to pro-
tect against a Type | error. We then ran a series of ANOVAs with
groups as a between-subject variable, and memory performance, brain
volume, and CSF markers, as well as testing time (study entry,
24 months) as within-subject variables.

4 | RESULTS

The analyses involved data from 284 participants with MCI, including
128 women and 156 men, with an age range of 55-91 (mean = 71.36,
SD = 7.39), and an education level of 9-20 years (mean number of
years of education = 16.35, SD = 2.62). At study entry, MMSE scores
ranged from 24 to 30 (mean = 27.99,SD = 1.72).

We calculated the discrepancy score by subtracting the average
ECog ratings of each informant at study entry from the average rat-
ings of the corresponding participant. One informant provided no rat-
ings, and 14 participant-informant dyads provided identical ratings of
decline, resulting in 269 remaining dyads. There were 112 participants
who provided lower ratings of their memory decline than did their
study partners, and 157 participants who provided higher ratings of
their memory decline than did their study partners. Groups had similar
proportions of women, similar education levels, similar MMSE scores,
and similar depression levels, but they differed significantly in age and
ECog measures (see Table 1).

TABLE 1 Demographic information by group at study entry
Sig.
Underestimating  Overestimating  (2-tailed)
N 112 157
Women 43 (38.39%) 76 (48.41%) .103
Age 72.76 70.44 .010*
(SD = 7.10) (SD = 7.40)
Years of 16.31 16.37 862
education (SD = 2.65) (SD = 2.63)
MMSE scores 27.78 28.07 169
(SD = 1.79) (SD = 1.66)
GDS scores 1.61 (SD = 1.48) 1.80 .287
(SD = 1.41)
ECog- 2.07 (SD = .61) 2.53 (SD =.65) .000*
Participant
ECog- 2.85(SD =.72) 1.81 (SD =.57) .000*
Informant

Note: ECog numbers refer to the assessment of memory alone.
Abbreviations: MMSE, Mini-Mental State Exam; GDS, Geriatric
Depression Scale; ECog, Everyday Cognition questionnaire.
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Next, we conducted a MANOVA that examined group differences
for all dependent variables together, with age as a covariate. The anal-
ysis was significant for group at both study entry, Pillai's Trace = .166,
F(11, 206) = 3.727, P < .001, and at 24 months, Pillai's Trace = .220, F
(11, 108) = 2.766, P < .001.

Figure 1 presents mean scores on the memory measures at study
entry as well as after 24 months, according to group. Individuals who
underestimated their decline performed more poorly than individuals
who overestimated their decline, and this was true for all measures.
To examine memory performance, we conducted two three-way
ANOVAs that controlled for age at study entry, and compared a
between-subject variable of group (underestimating, overestimating),
a within-subject variable of memory measure (immediate, delayed),
and a within-subject variable of testing time (study entry, 24 months).
The first analysis examined RAVLT scores, showing a significant dif-
ference between the two groups, F(1, 254) = 39.461, P <.001,
1n? =.134, so that individuals who underestimated their decline per-
formed more poorly than individuals who overestimated their decline.
Although performance immediately after presentation was better than
performance after a 30-minute delay, once age and group were
entered into the analysis, the difference did not reach significance, F
(1, 254) = 3.663, P = .057, 132 =.014. Across groups and RAVLT mea-
sures, there was no significant difference between study entry and
24 months, F(1, 254) = 1.310, ns, n = .005. The interaction between
group, memory measure, and testing time was significant, F
(1, 254) = 4.645, P = .032, 132 =.018. Thus, individuals who under-
estimated their decline showed a slight decrease in performance over
time, whereas individuals who overestimated their decline showed a
slight increase in immediate recall performance over time. No other
interaction was significant.

The second analysis of memory performance examined WMS
scores, showing a significant group difference, F(1, 254) = 34.856,
P < .001, 132 =.121. Individuals who underestimated their decline per-

formed more poorly across WMS measures than did individuals who

B Underestimating M Overestimating

overestimated their decline. Across groups and testing time, there
was a significant difference between immediate and delayed memory
performance, with better performance immediately after presentation
than after a delay, F(1, 254) = 7.660, P = .006, 132 =.029. Across
groups and memory measure, performance at study entry was worse
than performance at 24 months, demonstrating a test-retest improve-
ment in scores, F(1, 254) = 4.639, P = .032, 1]2 =.018. The interaction
group significant, F
(1, 254) = 10.555, P =.001, 132 =.040, revealing a larger difference

between immediate and delayed story recall in individuals who under-

between and memory measure was

estimated their decline relative to individuals who overestimated their
decline. The interaction between group and testing time was not sig-
nificant, F(1, 254) = 3.130, P =.078, n? =.012. The interaction
between memory measure and testing time was significant, F
(1, 254) = 6.440, P = .012, 132 =.025, demonstrating a smaller differ-
ence between immediate and delayed recall at study entry relative to
24 months. The three-way interaction of group, memory measure,
and testing time, was not significant, F(1, 254) = .751, P = .387,
% =.003.

Next, we looked at brain volume. No significant group difference
emerged in whole brain volume, in intra-cranial volume, or in the ratio
between these two measures, as documented at study entry. To
examine hippocampus volume, we conducted a two-way ANOVA that
controlled for age at study entry, gender, whole brain volume at study
entry, and days between the MRI scan and the ECog administration at
study entry, with a between-subject variable of group (under-
estimating, overestimating), and a within-subject variable of testing
time (study entry, 24 months). Hippocampus volume data on the two
testing times were available for 203 participants, 87 (77.68%) in the
underestimating group, and 116 (73.89%) in the overestimating group.
The analysis revealed a significant group difference, F(1, 198) = 8.549,
P =.004, 1]2 =.042. Individuals who underestimated their decline had
smaller hippocampus volume than did individuals who overestimated

their decline. There was no difference between study entry and
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24 months, F(1, 198) = .568, P = 452, 1]2 =.003. However, the inter-
action between group and testing time was significant, F
(1, 198) = 8.796, P =.003, 1]2 =.043, as individuals who under-
estimated their decline showed a larger decrease in hippocampus vol-
ume over time than did individuals who overestimated their decline
(see Figure 2).

To examine A34_42 and p-tauygs., levels, we conducted three sep-
arate ANOVAs that controlled for age at study entry, with a between-
subject variable of group (underestimating, overestimating), and a
within-subject variable of testing time (study entry, 24 months). These
analyses used AR1 45 levels from 58 (51.79%) individuals who under-
estimated their decline and from 79 (50.32%) individuals who over-
estimated their decline, and who had data on both testing times.
Levels of p-tauigi, for both testing times were available for
57 (50.89%) individuals who underestimated their decline and for
79 (50.32%) individuals who overestimated their decline. The first
analysis demonstrated a significant group difference in ABq 45, F
(1, 134) = 11.615, P = .001, 1]2 =080, with lower AR4.4, levels in indi-
viduals who underestimated their decline than in individuals who
overestimated their decline (see Table 2). Although there were greater
levels of AR4.4, at study entry relative to 24 months, the main effect
of testing time did not reach significance, F(1, 134) = 3.245, P = .074,
132 =.024. The interaction between group and testing time was not
significant as well, F(1, 134) = .312, P = .577, n? = .002. The second
analysis demonstrated a significant group difference in p-tauigi-,, F
(1, 133) = 12.627, P = .001, 132 =.087, with greater p-taugs-, levels in
individuals who underestimated their decline than in individuals who
overestimated their decline (see Table 2). The main effect of testing
time was not significant, F(1, 133) = 1.796, P = .183, r]2 =.013, and
there was no interaction between group and testing time, F
(1, 133) = .693, P = .407, y? = .005. The third analysis demonstrated a
significant group difference in the ratio of p-tauigi, to ABq4p, F
(1, 133) = 14.892, P = .001, 132 =.101, with a higher ratio in individuals
who underestimated their decline than in individuals who over-
estimated their decline (see Table 2). The main effect of testing time
was not significant, F(1, 133) = 1.122, P = .291, 1]2 =.008, and there

Geriaric Psychiatry IRAVA| LEYﬂ

TABLE 2 CSF markers by testing time and group
Measure Time Underestimating  Overestimating
ABy4p Study 842.33 (352.92) 1088.02
entry (426.38)
24 months  792.82 (344.27) 1045.30
(446.76)
p-tausgip Study 35.64 (18.11) 25.28 (12.90)
entry
24 months  36.63 (18.33) 27.06 (15.15)
p-tausg1-p/ Study .051 (.037) .029 (.024)
ABq.4o entry
24 months  .057 (.041) .034 (.036)

was no interaction between group and testing time, F(1, 133) = .164,
P =.686, % = .001.

5 | DISCUSSION

This study compared memory performance, brain volume, and CSF
markers of AD pathology in individuals with MCI who either under-
estimated or overestimated their memory decline relative to their
informants. In line with our hypothesis, individuals who under-
estimated their decline performed more poorly on two tests of mem-
ory, had smaller hippocampus volume, and demonstrated greater
burden of AD pathology, as measured by AB,.4, and p-tausgq-, CSF
levels. These effects emerged at baseline and after 24 months, show-
ing that underestimation of memory decline might help in determining
the diagnosis and prognosis of individuals with MCI.

As for the memory measures, we found that individuals who
underestimated their memory decline relative to their informants per-
formed more poorly on all tests than did individuals who over-
estimated their decline. On a test of word recall, individuals who
underestimated their decline showed a slight decrease in performance

over time, while individuals who overestimated their decline showed
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a slight increase in performance over time. The increase in perfor-
mance demonstrates a practice effect, which is unlikely to occur in
individuals with impaired memory. There was no interaction between
group and testing time for story recall, but the difference between
immediate and delayed story recall was larger for individuals who
underestimated their decline than for individuals who overestimated
their decline. This finding may indicate that individuals who underesti-
mate their decline show more rapid forgetting than individuals who
overestimate their decline. These results are in line with Edmonds
et al's report7 that individuals with amnestic MCI underestimated
their cognitive decline, as well as with the finding that greater
anosognosia was associated with worse cognitive functioning in
MCl.710

There was no indication of an overall brain volume difference
between groups. This pattern of results contrasts with some previous
studies that compared individuals with MCI who converted to demen-
tia and individuals who did not convert to dementia (eg, 28). Neverthe-
less, as expected, hippocampus volume was smaller in individuals who
underestimated their decline relative to individuals who over-
estimated their decline. Furthermore, although across the two groups
together there was no difference between study entry and
24 months, the interaction between group and testing time was sig-
nificant, showing that hippocampus volume decreased more steeply in
individuals who underestimated their decline than in individuals who
overestimated their decline. Similarly, there were lower A, 45 levels,
greater p-tauigs-, levels, and therefore higher ratio of p-taujgs.p to
ARB4_45 in individuals who underestimated their decline than in individ-
uals who overestimated their decline. These results fit well with
Cacciamani et al.'s*? findings of increased amyloid burden and cortical
hypometabolism in individuals with subjective cognitive complaints
who underestimated their performance relative to their informants.
Thus, the current analyses are consistent with the proposed model of
progression of AD, according to which the accumulation of amyloid-
beta and tau, together with hypometabolism, lead to cognitive
decline?’ Note, though, that there are conflicting observations
regarding the correlation between AR4.4, levels and deterioration in
cognitive functions,*® and similar inconclusive evidence for longitudi-
nal changes in p-tau both in individuals with MCI and in individuals
with AD.3! These observations might explain why testing time had no
significant effect on CSF measures in the current analysis.

Paradoxically, overestimation of cognitive decline might seem to
indicate a faulty cognitive process, and yet it serves as an indication
of better cognitive performance. It is possible that individuals who
overestimate their decline suffer from depression or anxiety and that
their inaccurate estimation reflects their emotional state. Indeed,

13233 and

depression or anxiety lead to excessive worrying in genera
to anxiety over AD and dementia in particular.3*%” However, as
ADNI recruitment criteria excluded individuals with depression, and
groups did not differ in GDS scores, overt depression is unlikely to
explain the current findings. Further research with other populations
should look into the association between overestimation of memory
decline and depression symptoms. We note that excessive worrying

might actually lead to better prevention, involving medical

interventions, psychotherapy, physical exercise or other such lifestyle
choices.

We acknowledge that our study has some weaknesses. First, we
investigated individuals with MCI from the ADNI database, and previ-
ous studies have argued that there is a high rate of false-positive diag-
nosis of MCI in ADNIL7® Nonetheless, we believe that the crucial
measure is the discrepancy in estimation between participants and
informants rather than the diagnosis of MCI. Second, we relied on the
participant-informant discrepancy method, assuming that informants'
estimates are more accurate than participants' estimates. However,
informants' reports can be biased as well.3?**?> While ADNI provides
no information on informants, Cacciamani et al.}? found no difference
in informant characteristics of individuals with low or high awareness.
It is thus unlikely that the current findings represent only informants'

biased estimation.

6 | CONCLUSION
To conclude, a combination of cross-sectional and longitudinal com-
parisons shows that underestimation of memory decline can help cli-

nicians predict AD pathology in individuals with MCI.
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