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Temporal course and pathologic basis of

unawareness of memory loss in dementia

ABSTRACT

Objective: To characterize the natural history and neuropathologic basis of unawareness of mem-
ory loss in late-life dementia.

Methods: Analyses are based on 2,092 older persons from 3 longitudinal clinical-pathologic
cohort studies who had no memory or cognitive impairment at baseline. Annual evaluations
included clinical classification of dementia plus self-rating and performance testing of memory.
At death, there was a uniform neuropathologic examination to quantify 7 dementia-related
pathologies.

Results: In the full group, memory ratings were modestly correlated with memory performance (in-
tercepts r = 0.26, p < 0.001; slopes r = 0.23, p < 001) and so we regressed each person's
memory performance on their memory ratings, and the residuals provided longitudinal indicators
of memory awareness. In a subset of 239 persons who developed dementia, episodic memory
awareness was stable until a mean of 2.6 years before dementia onset (95% credible interval
—2.7, -1.6); thereafter, memory awareness declined rapidly (mean annual change —0.32, 95%
credible interval -0.37, -0.28). Older age at baseline was associated with later onset of memory
unawareness. In a subset of 385 persons who died and underwent neuropathologic examination,
transactive response DNA-binding protein 43 (TDP-43) pathology, tau tangles, and gross cere-
bral infarcts were related to decline in memory awareness. In the absence of these pathologies, no
decline in memory awareness was evident. Results were similar in subgroups with and without
dementia.

Conclusions: Awareness of memory impairment typically begins to decline about 2-3 years
before dementia onset and is associated with postmortem evidence of TDP-43 pathology, tan-
gles, and gross cerebral infarcts. Neurology® 2015;85:984-991

GLOSSARY

CA = cornu ammonis; TDP-43 = transactive response DNA-binding protein 43.

Progressive loss of memory is a central feature of dementia, but affected persons are not always
aware of this impairment, and despite much research it remains uncertain how common
unawareness of memory impairment is in persons with dementia, when it develops, or why some
are apparently affected more than others. Unawareness has been associated with dementia sever-
ity in some cross-sectional studies'™ but not others.>” Longitudinal studies have also been
inconsistent, with some suggesting that unawareness increases over time,*'° but other studies

reporting mixed results™!!

or no change."*"” This inconsistency may reflect several factors. First,
because this research is based on prevalent dementia with relatively brief observation periods, it
covers only a fraction of the symptomatic phase of dementia. Second, in most studies, objective
determination of memory impairment has been based not on performance testing but on ratings
by a knowledgeable informant or clinician, which are subject to bias, particularly when short
observation periods limit the actual amount of change that is occurring,.

The present analyses are based on data from 3 longitudinal clinical-pathologic studies of older

persons without cognitive impairment at enrollment. They had annual clinical evaluations that
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[ Table 1 Descriptive data on participants® ]
Full group Incident dementia Neuropathologically examined
Characteristic (n = 2,092) (n = 239) (n = 385)
Age at baseline, 76.1 (7.5) 79.2 (6.3) 79.2 (6.9)
Yy
Age at death,y — — 89.1 (6.5)
Education, y 16.1 (3.7) 16.6 (3.8) 16.3 (3.6)
Women, % 74.6 77.8 69.9
Follow-up, y 7.7 (5.0 10.8 (4.3) 9.2(3.9)
Before — 7.5(4.2)
dementia
After — 3.3 (2.4)
dementia

Data are presented as mean (SD) unless otherwise indicated.
2The incident dementia and neuropathologically examined groups are subsets of the full group.

included global self-ratings of memory and a
battery of memory performance tests from
which we derived measures of residual devia-
tion in memory performance not explained
by memory rating. In those who subsequently
developed dementia, we characterized change

in these residual measures of memory

unawareness in relation to clinical milestones.

In those who subsequently died and

underwent a postmortem neuropathologic
examination, we tested the hypothesis that
unawareness of memory impairment is a man-
ifestation of dementia-related pathology.

METHODS Participants. Those included in analyses are from
3 ongoing longitudinal clinical-pathologic cohort studies. The
Religious Orders Study began in 1994 and its participants are
older Catholic nuns, priests, and brothers from groups across the
United States.'® The Rush Memory and Aging Project began in
1997 and includes older individuals from the metropolitan Chicago
area."” The Minority Aging Research Study began in 2004 and its
participants are older black persons in the metropolitan Chicago
area recruited from the community and the clinical core of the Rush
Alzheimer’s Disease Core Center.”® At the time of enrollment,
participants were at least 50 years old and had not been
diagnosed with dementia. In addition, everyone in the Religious
Orders Study and the Rush Memory and Aging Project and a
subset of those in the Minority Aging Research Study agreed to
brain autopsy at death.

At the time of these analyses, 3,298 persons had completed
the baseline evaluation and signed an Anatomical Gift Act
agreeing to brain donation. Of these, 107 died before the first
follow-up and 217 had been enrolled less than 1 year. From
the remaining 2,974 individuals, we excluded 859 with cognitive
impairment at baseline (153 with dementia and 706 with mild
cognitive impairment). This left 2,115 eligible for follow-up,
and follow-up data were available in 2,092 (98.9%). As shown
in table 1, persons in this full group had a mean baseline age of
76.1 years and a mean of 7.7 years of follow-up.

Additional analyses were conducted on 2 subsets. To track

the temporal course of memory awareness in dementia, the first

subset consisted of 239 persons who completed at least 4 annual
evaluations (to allow for nonlinear change) and developed inci-
dent dementia before their last evaluation. They had a mean base-
line age of 79.2 years and a mean follow-up of 10.8 years,
including 7.5 years before dementia onset and 3.3 years after
dementia onset (table 1). To investigate the pathologic basis of
unawareness of memory impairment, the second subset consisted
of neuropathologically examined individuals. Of the 772 deaths
in the full group, 662 (85.8%) underwent a brain autopsy and
neuropathologic examination, the results of which were available
on the first consecutive 627 persons. Because transactive response
DNA-binding protein 43 (TDP-43) pathology is associated with
memory loss?' and preliminary analyses in the 627 were similar to
results in the 385 with TDP-43 data, we analyzed the association
of memory awareness with pathology in this subset. They died at

a mean age of 89.1 years with a mean of 9.2 years of follow-up

(table 1).

Standard protocol approvals, registrations, and patient
consents. Following detailed discussion with staff, persons in
each study signed informed consent forms. The institutional
review board of Rush University Medical Center approved each
study.

Clinical evaluation. Participants had an annual clinical assess-
ment that included a medical history, neurologic examination,
and tests of memory and cognition. After each evaluation, a clini-
cian, who was unaware of previously collected data, diagnosed
dementia with widely used criteria®* that call for a history of
cognitive decline and impairment in 2 or more cognitive

domains.

Self-assessment of memory. At each annual evaluation, partic-
ipants were asked 2 questions about their memory. The first was
“How often do you have trouble remembering things?” and the
response options were very often (1), often (2), sometimes (3),
rarely (4), never (5). The second was “Compared to 10 years ago,
would you say that your memory is much worse (1), a little worse
(2), the same (3), a little better (4), or much better (5)?” Because
the items were correlated and preliminary analyses with each item
yielded similar results, we added the 2 item scores to yield a
subjective memory measure.”® Scores ranged from 2 to 10 with

higher values indicating better subjective memory function.

Performance testing of memory. Nineteen cognitive tests
were administered annually to support clinical classification of
dementia and measure change in cognitive function. The battery
included 7 episodic memory tests (immediate and delayed recall
of the East Boston Story and Story A from Logical Memory,
Word List Memory, Word List Recall, Word List Recognition);
3 semantic memory tests (15-item Boston Naming Test, Verbal
Fluency, 15-item word reading test); and 3 working memory
tests (Digit Span Forward, Digit Span Backward, Digit

24-26 an d

Ordering). Supported by factor analyses in these
other” cohorts, composite measures of episodic memory,
semantic memory, and working memory were constructed by
converting raw scores on component tests to z scores, using the
baseline mean and SD of all persons in the parent studies, and
then averaging the component z scores to yield the composite
score. The composite episodic memory measure was used as the
primary measure of memory performance and the mean of the
composites of episodic, semantic, and working memory served as
a more broadly defined memory performance measure in

secondary analyses.

Neuropathologic examination. Brain removal took place a

mean of 8.2 hours after death (SD 5.1), which was a mean of
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9.7 months after the last clinical evaluation. The neuropathologic
examination followed a standard protocol.?® The age, volume,
and location of gross cerebral infarcts were recorded. Hematoxy-
lin & eosin staining was used to identify microinfarcts in 9 re-
gions of one hemisphere. In analyses, gross and microscopic
infarcts were each treated as present or absent. Hippocampal
sclerosis was defined as severe neuronal loss and gliosis in the
pyramidal cell layer of any cornu ammonis (CA) subfield or the
subiculum, based on a hemisection of the midhippocampus at the
level of the lateral geniculate body.>

We used computer-assisted sampling and immunohisto-
chemistry to quantify B-amyloid-immunoreactive plaques, with
an N-terminus-directed monoclonal antibody (1:1,000, 10D5;
Elan  Pharmaceuticals, Dublin, Ireland), and tau-
immunoreactive tangles, with an anti-paired helical filament-tau
antibody clone AT8 (1:2,000; Thermo Scientific, Rockford, IL)
in 8 brain regions (entorhinal cortex, CAl/subiculum, anterior
cingulate cortex, primary visual cortex, inferior parietal cortex,
inferior temporal cortex, superior frontal cortex, dorsolateral pre-
frontal cortex). Regional scores were averaged to make composite
measures of each pathology.®® TDP-43 was assessed in 6 brain
regions (amygdala, entorhinal cortex, CAl/subculum, dentate
gyrus, middle temporal cortex, midfrontal cortex) with a mono-
clonal antibody to phosphorylated TDP-43 (pS409/410;
1:100).*" In each region, neuronal and glial TDP-43 cytoplasmic
inclusions were rated on a 6-point scale from none to severe, and
regional ratings were averaged to yield a total score.?' Lewy bodies
were investigated in 6 brain regions (inferior parietal cortex, supe-
rior or middle temporal cortex, midfrontal cortex, entorhinal cor-
tex, anterior cingulate cortex, substantia nigra) with a monoclonal
antibody to a-synuclein (Zymed LB 509; 1:50).>® Lewy bodies

were treated as present or absent.

Statistical analysis. We analyzed change in memory perform-
ances and memory ratings in the full group with a simultaneous
mixed model that yielded estimates of the correlation between
their initial levels and rates of change. To assess each person’s
memory awareness, a composite measure of memory performance
was regressed on memory rating, and the residuals capture the
deviation of observed memory performance from that predicted
by the memory rating. For example, a negative residual means
that memory performance is worse than perceived, suggesting a
lack of awareness. Therefore, these residuals were used to charac-
terize person-specific change in memory awareness over time.
In the incident dementia subgroup, we analyzed change in mem-
ory awareness with mixed-effects change point models using a Bayes-
ian Monte Carlo Markov Chain approach®* with Open BUGS
software,® with time expressed as years before and after dementia
onset. In the neuropathologically examined subgroup, we assessed
change in memory awareness in mixed-effects models, with time
expressed as years before death (because only a subset had developed
dementia). The initial model included terms for time, age, sex, edu-
cation, and the interactions of time with each demographic variable.
Terms for each neuropathologic marker and its interaction with time
were added to a second model. The second model was repeated

separately in those with dementia and those without dementia.

RESULTS Developing a measure of memory awareness.
At baseline in the full group (n = 2,092), partici-
pants’ subjective memory rating (mean 5.05, SD
1.32, skewness —0.10) and the composite measure
of episodic memory performance (mean 0.342, SD
0.484, skewness —0.14) had approximately normal
distributions, with higher scores on each measure
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indicating better memory function. We constructed
a simultaneous mixed model to estimate the relation
between the measures over time. There was decline in
both objective memory performances (estimate
—0.065, SE 0.003, p < 0.001) and subjective mem-
ory ratings (estimate —0.022, SE 0.002, p < 0.001),
their intercepts (» = 0.26, p < 0.001) and slopes (r =
0.23, p < 0.001) were correlated, and higher subjec-
tive memory at baseline predicted less episodic mem-
ory decline (» = 0.29, p < 0.001).

To assess memory awareness in each individual,
we regressed their annual episodic memory perform-
ances on their annual memory ratings. The residuals
capture the deviation of the observed episodic mem-
ory performance from the performance predicted by
memory ratings and therefore provide a measure of
episodic memory awareness, with a residual of zero
indicating agreement between rating and perfor-
mance, positive scores indicating underestimation of
memory ability, and negative scores indicating overes-
timation of memory ability. At baseline in the full
group (n = 2,092), this measure had a mean of
0.016 (SD 0.378, skewness 0.97), suggesting no sys-
tematic tendency to overestimate or underestimate
memory ability at that time.

Memory awareness during dementia development. There
were 239 individuals with no memory or cognitive
impairment at baseline, at least 4 annual assessments
with valid memory ratings and performance, and a
diagnosis of dementia before their last evaluation.
To characterize change over time in this residual epi-
sodic memory awareness measure, we constructed a
mixed-effects model. To determine when the
problem began to develop, we allowed decline in
memory awareness to accelerate at some variable
time after baseline. To provide a clinical context, we
scaled time in relation to dementia onset. The
crude paths of change for each individual (colored
lines in the figure) suggest loss of memory
awareness in nearly all affected persons but
variability in its onset and rate of progression. In
the analysis (model A in table 2, black lines in the
figure), the initial memory awareness score was close
to zero, consistent with a lack of bias in the ratings,
and there was no decline before the change point.
However, starting a mean of 2.6 years before
dementia onset, episodic memory awareness began
to sharply decline at a mean rate of 0.260 unit per
year, which is nearly half of the baseline SD (0.545).
Older age was associated with later onset of the
change point (model A, table 2). The figure shows
that memory awareness began to decline 2-3 years
carlier in younger persons (solid black line, baseline
age 70.2, 10th percentile) compared to older persons
(dotted black line, baseline age 87.3, 90th percentile).
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Change in awareness of episodic memory impairment during the course of dementia, includ-
ing crude trajectories (colored lines) and predicted trajectories for persons beginning the
study at ages 70.2 years (10th percentile, solid black line), 79.2 years (mean, dashed black
line), or 87.3 years (90th percentile, dotted black line), from a mixed-effects change point
model adjusted for sex and education.

Neither sex nor education was related to change in
memory awareness.

We defined memory performance with episodic
memory tests, but participants’ ratings may have
taken other kinds of memory into consideration.
Therefore, we created a global measure of memory
performance by averaging measures of episodic mem-
ory, semantic memory, and working memory (base-
line mean 0.129, SD 0.452, skewness —0.22). We
regressed the global measure of memory performance
on the composite memory rating and modeled the
residuals. As shown in model B of table 2, results

Table 2
dementia®
Trajectory
Model terms  component
Mean Intercept
Slope 1
Change point
Slope 2
Age at Intercept
baseline
Slope 1

Change point

Slope 2

Change in awareness of memory function during the development of

Model A Model B
Estimate 95% CI Estimate 95% CI
0.285 0.168, 0.404 0.05 -0.04,0.138
-0.024 -0.054,0.007 -0.06 -0.08, -0.05
-2.589 -3.326, -2.585 -1.143 -1.83, -0.489
-0.260 -0.296, -0.225 -0.26 -0.308, -0.217
-0.040 -0.121,0.40 -0.02 —-0.083, 0.042
0.0019 -0.019, 0.023 0.002 -0.013,0.016
0.790 0.348,1.247 0.562 0.142, 0.989
0.004 -0.025, 0.034 0.012 -0.027, 0.50

Abbreviation: Cl = confidence interval.
2 Estimated from 2 mixed-effects change point models that also included terms for sex and
education. Model A is based on episodic memory performance and model B is based on

global memory performance.

were similar to those obtained with episodic memory
performance except that some decline in global mem-

ory awareness occurred prior to the change point.

Pathologic basis of unawareness of memory impairment.
There were 385 individuals with no memory or cog-
nitive impairment at baseline, at least 2 assessments of
residual episodic memory awareness, and postmortem
data on the 7 neuropathologic markers of interest. In
a mixed-effects model adjusted for age at death, sex,
and education, the measure of episodic memory
awareness declined a mean of 0.035 unit per year
(table 3, model A). for the 7
pathologic measures were added (table 3, model B),

When terms

3 were associated with more rapid decline in episodic
memory awareness: 1DP-43 pathology, tangle
density, and gross cerebral infarcts. With these
associations accounted for, there was no change in
episodic memory awareness, as shown by the term
for time. Results were similar for the measure of
global memory awareness (table 3, model C).

To determine whether the association of the path-
ologic markers with episodic memory unawareness
was confined to persons with dementia, we separately
analyzed those who died with (n = 125) and without
260) dementia (table 4). TDP-43 pathology,

tangle density, and gross infarcts were each associated

(n =

with declining awareness of episodic memory impair-
ment in each subgroup, though the associations were
stronger in the dementia subgroup.

DISCUSSION The current analyses are based on old-
er people with no memory or cognitive impairment at
study onset who annually rated their memory ability
and completed a battery of memory performance
tests. In those who developed incident dementia,
awareness of memory impairment began to decline
a mean of about 2-3 years before dementia onset.
In those who died and underwent a brain autopsy,
multiple dementia-related pathologies were associated
with decline in memory awareness and after
adjustment for the pathologic markers, there was no
decline in memory awareness. The results suggest that
declining awareness of memory impairment is an
essentially inevitable manifestation of late-life
dementia.

Knowledge about unawareness of memory impair-
ment in dementia is mainly based on cross-sectional
or brief longitudinal studies of prevalent dementia. This
research has suggested that unawareness of memory
impairment is a variable feature of the dementia syn-

dementia
34,35

drome, perhaps explained party by
severity'™ but also associated with dementia type,

brain regions affected,*®* and psychosocial factors.?®*

individuals
initially cognitively healthy and subsequently developed

In contrast, we followed who were
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Table 3 Association of dementia-related pathologies with awareness of memory impairment in all

neuropathologically examined participants?®

Model A Model B Model C
Model terms Estimate SE p Value Estimate SE p Value Estimate SE p Value
Time -0.035 0.004 <0.001 0.010 0.007 0.188 -0.002 0.006 0.732
Age -0.010 0.004 0.008 0.004 0.003 0.195 0.004 0.003 0.224
Sex 0.034 0.051 0.509 -0.002 0.045 0.973 0.024  0.039 01537
Education —-0.006 0.006 0.311 -0.006 0.006 0.251 -0.009 0.005 0.059
Amyloid -0.022 0.019 0.241 -0.027 0.016 0.093
Tangles -0.020 0.005 <0.001 -0.020 0.004 <0.001
TDP-43 pathology -0.188 0.029 <0.001 -0.143 0.025 <0.001
Hippocampal sclerosis -0.095 0.080 0.237 -0.068 0.069 0.328
Lewy bodies -0.010 0.049 0.846 -0.052 0.042 0.212
Gross infarcts -0.195 0.045 <0.001 -0179 0.039 <0.001
Microinfarcts 0.056 0.045 0.213 0.046 0.039 0.239
Time X age -0.001 0.001 0.080 0.001 0.001 0.044 0.001 0.001 0.029
Time X sex 0.008 0.008 0.323 0.003 0.007 0.642 -0.000 0.006 0.949
Time X education 0.000 0.001 0.901 0.000 0.001 0.778 0.000 0.001 0.967

Time X amyloid

Time X tangles

Time X TDP-43 pathology
Time X hippocampal sclerosis
Time X Lewy bodies

Time X gross infarcts

Time X microinfarcts

-0.004 0.003 0.185 -0.004 0.003 0.105
-0.003 0001 <0.001 -0.008 0.001 <0.001
-0.027 0.005 <0.001 -0.020 0.004 <0.001
-0.009 0.012 0.476 -0.005 0.011 0.629

0.000 0.008 0972 -0.008 0.007 0.207
-0.087 0.007 <0.001 -0.035 0.006 <0.001

0.012 0.007 0.094 0.011  0.006 0.072

Abbreviation: TDP-43 = transactive response DNA-binding protein 43.
2Estimated from 3 mixed-effects models. Models A and B are based on episodic memory performance and model C is

based on global memory performance.

dementia during a mean of more than a decade of
observation, allowing us to track awareness of memory
function as memory abilides deteriorated. Although
individual differences were apparent in the onset and
progression of unawareness of memory impairment,
virtually all affected persons manifested unawareness
at some point during the disease course. Among per-
sons who died and underwent a neuropathologic exam-
ination, decline in memory awareness was associated
with multiple dementia-related pathologies, and no
change in memory awareness was observed after con-
trolling for these pathologies. These observations sug-
gest that unawareness of amnestic dysfunction is part of
the natural history of late-life dementia and is driven by
accumulation of dementia-related pathologies.
Because most previous longitudinal research has
been based on prevalent dementia, it has been uncer-
tain when unawareness of memory impairment devel-
ops during the temporal course of dementia. We
found that memory awareness began to decline a
mean of 2.6 years before dementia was diagnosed.
This is after several years of memory decline and
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suggests that clinically manifest unawareness of mem-
ory impairment typically becomes apparent around
the time that dementia is diagnosed. This impairment
in awareness is why in clinical classification of demen-
tia, a history of cognitive decline must sometimes be
based on expert judgment or a knowledgeable infor-
mant rather than self-report.

An unexpected finding was that decline in aware-
ness of memory impairment in dementia began eatlier
in younger than older persons. The reason for this is
uncertain, but it likely reflects a general awareness
that memory loss is more normative at older ages
rather than an age-related difference in awareness of
one’s own memory loss.

Unawareness of memory impairment was associ-
ated with some dementia-related pathologies but
not others. TDP-43 pathology has previously been
shown to have a selective association with episodic

memory impairment.”! Tangles?>%

and gross cerebral
infarcts® have been associated with impairment in
multiple cognitive domains, including episodic mem-

ory. The associations of hippocampal sclerosis and



Table 4

Association of dementia-related pathologies with awareness of

episodic memory impairment in neuropathologically examined
participants with and without dementia®

Model terms

Time

Age

Education
Amyloid

Tangles

Lewy bodies
Hippocampal sclerosis
TDP-43 pathology
Gross infarcts
Microinfarcts
Time X age

Time X education
Time X amyloid
Time X tangles

Time X Lewy bodies

Time X hippocampal sclerosis

Time x TDP-43 pathology

Time X gross infarcts

Time X microinfarcts

Dementia (n = 125) No dementia (n = 260)

Estimate SE p Value Estimate SE p Value
-0.077 0.021 <0.001 -0.002 0.003 0.509
0.023 0.008 0.006 -0.003 0.002 0.089
-0.012 0.013 0369 -0.001 0.003 0.809
0.021 0.048 0.659 -0.010 0.009 0.270
-0.029 0.010 0.003 -0.008 0.003 0.009
0.120 0.098 0.224 -0.014 0.026 0.603
-0.065 0143 0650 0.020 0.052 0.697
-0.173 0.053 0.001 -0.052 0.018 0.003
-0.182 0.102 0.077 -0.042 0.023 0.067
0.207 0.107 0.057 -0.032 0.022 0135
0.005 0.001 <0.001 -0.000 0.003 0.651
0.002 0.002 0.299 0.000 0.0004 0411
0.003 0.007 0.728 -0.001 0.001 0.330
-0.003 0.002 0039 -0.001 0.001 0.005
0.010 0.016 0.547 -0.001 0.004 0.812
0.000 0.022 0995 -0.000 0.008 0.983
-0.023 0.008 0.007 -0.009 0.003 0.003
-0.044 0.017 0008 -0.009 0.004 0.015

0.041 0017 0.018 -0.003 0.004 0.459

Abbreviation: TDP-43 = transactive response DNA-binding protein 43.
2Estimated from 2 mixed-effects models.

microinfarcts with memory awareness may have been
diminished by their associations with TDP-43
pathology and gross infarcts, respectively. Much of
the contribution of Lewy bodies to cognitive impair-
ment may occur after awareness of memory impair-
ment is diminished.*

Strengths and limitations of this study should be
noted. Participants were followed at regular inter-
vals for several years with high rates of participation
in follow-up and brain autopsy, minimizing the
likelihood that selective attrition affected results.
By focusing on persons who were initially cogni-
tively healthy and later developed dementia, we
were able to link the development of memory
awareness to the natural history of dementia. The
availability of postmortem data from a uniform
neuropathologic examination allowed us to show
that unawareness of memory impairment is linked
to the accumulation of dementia-related patholo-
gies. The primary limitation is that participants
were selected, underscoring the importance of rep-
licating these results in other cohorts. The extent to
which these findings apply to awareness of other
dementia signs is also uncertain.
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