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Abstract

Objective—To study the relationship between Alzheimer disease (AD) pathology and memory
complaints proximate to death.

Methods—A group of 90 older persons underwent detailed clinical evaluations and brain autopsy
at death. The evaluations included administration of questions on subjective memory complaints and
clinical classification of dementia and AD. On postmortem examination, neuritic plaques, diffuse
plaques, and neurofibrillary tangles in tissue samples from five cortical regions were counted, and a
summary measure of overall AD pathology was derived. In addition, amyloid load and tau tangles
were quantified in eight regions.

Results—In multiple linear regression models adjusted for age, sex, and education, memory
complaints were associated with AD pathology, including both amyloid and tau tangles. Subsequent
analyses demonstrated that the relationship between memory complaints and AD pathology was
present in those with and without dementia, and could not be explained by the potentially confounding
effects of depressive symptoms or coexisting common chronic health problems.

Conclusion—Memory complaints in older persons may indicate self awareness of a degenerative
process.

Subjective memory complaints are common in older adults. Most studies that have attempted
to address the significance of memory complaints have relied on clinical investigations that
relate memory complaints to future cognitive decline or diagnosis of dementia. These studies
have reported mixed results, with some,1=3 but not all,*° finding an association between
memory complaints and dementia. Discrepant results may be due, in part, to the fact that
memory complaints are associated with other common conditions of aging, such as depression,
6,7 and there has been wide variability in how memory complaints are assessed. Interestingly,
in spite of the controversy, some diagnostic criteria for mild cognitive impairment, a risk factor
for dementia in older persons, include subjective memory complaints.®

Because Alzheimer disease (AD) pathology may be present in persons without dementia and
may take years to express itself, the relationship between complaints and pathology may better
address this issue. We are aware of only one study that examined whether memory complaints
are related to AD pathology, specifically plaques and tangles, in the brain, but there were
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several years between assessment of memory complaints and autopsy.? We used clinical and
postmortem data from the Memory and Aging Project, a longitudinal clinicopathologic study
of aging and dementia, to examine whether pathologic indices of AD were related to memory
complaints determined proximate to death in older persons.

Subjects were participants in the Rush Memory and Aging Project, an ongoing longitudinal
clinicopathologic study of common chronic conditions of old age. Participants were recruited
from approximately 40 senior residential facilities throughout the Chicago metropolitan area.
The study involves annual clinical evaluations and brain donation at death. It was approved by
the Institutional Review Board of Rush University Medical Center.

Since September 1997, 1,061 persons have completed the baseline clinical evaluation and
participation in follow-up has exceeded 91% in survivors. At the time of these analyses, 149
persons had died and 116 (78%) had undergone brain autopsy, and data from the postmortem
evaluation were completed for the first 99 (there is a lag between death and completion of the
postmortem evaluation).

Because we wanted to examine the relation between AD pathology and subjective memory
proximate to death, only persons without dementia (n = 67) and those with clinically diagnosed
AD (n = 24) were included in the analyses. Persons with clinical conditions other than AD
(e.g., Parkinson disease, delirium, or stroke) thought to be causing or contributing to cognitive
impairment (n = 3) or dementia (n = 6) were excluded from all analyses. One additional person
was excluded due to missing data on memory complaints. Thus, of 99 with postmortem data,
90 men and women were included in these analyses.

Clinical evaluation

Details of the clinical evaluation have been reported previously.10 Briefly, at baseline, each
participant had a uniform evaluation that included the procedures recommended by the
Consortium to Establish a Registry for AD.1! Follow-up evaluations, identical in all essential
details, were performed annually by examiners blinded to previously collected data. The
evaluation included a medical history and neurologic and neuropsychological examinations.
Diagnoses were made using a three-step process. First, neuropsychological tests were
administered by trained technicians and scores were adjusted based on education. Second, a
board-certified clinical neuropsychologist reviewed the cognitive results along with
information on sensory and motor deficits, and effort, and made a clinical judgment regarding
the presence of cognitive impairment. Finally, participants were evaluated by a physician with
expertise in the evaluation of older adults with and without dementia. Based on review of all
available data, participants were classified with respect to AD and other common neurologic
disorders that can contribute to cognitive impairment using the criteria of the joint working
group of the National Institute of Neurologic and Communicative Disorders and Stroke and
the AD and Related Disorders Association.12 At the time of death, all available years of clinical
data were reviewed blinded to postmortem data, and a summary diagnostic opinion was
rendered regarding the most likely clinical diagnosis at the time of death.

Assessment of memory complaints

Two questions were used to assess memory complaints at each annual interview, both rated
ona5-point Likert scale: 1) How often do you have trouble remembering things, with responses
ranging from 5 = very often to 1 = never; 2) How is your memory compared to 10 years ago,
with responses ranging from 5 = much worse to 1 = much better. Previous studies have

Neurology. Author manuscript; available in PMC 2009 September 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Barnes et al.

Page 3

successfully used scales of this type with older adults.13:14 Although the memory complaints
questions were asked every year, only the last valid scores proximate to death were used in
analyses. To create a composite measure based on the scores of these two questions, we
summed the two scores for each person (range of possible values was 2 to 10 but in the data
we observed a range = 4 to 10); higher scores indicate more memory complaints (figure 1).

Neuropathologic evaluation

Brains were removed in a standard fashion and cut coronally using a Plexiglas jig into 1 cm
slabs as described previously.1>:16 Slabs from one hemisphere were fixed for 3 days in 4%
paraformaldehyde. Blocks of tissues from the hippocampus (CA-1), entorhinal cortex,
midfrontal cortex, middle temporal cortex, and inferior parietal cortex were paraffin-
embedded, sectioned at 6 um, and stained with a modified Bielschowsky silver stain.15:16

Neuritic plaques, diffuse plaques, and neurofibrillary tangles were each counted in a 1 mm?
microscopic field using an Olympus BX41 microscope, 10x objective and 10x eyepiece
graticule. In each region, the field with the greatest amount of pathology for that particular
pathology was counted such that there were 3 measures from each slide and 18 counts total
per case as previously described.1® In order to get an overall indicator of the burden of AD
pathology with minimal measurement error, a summary measure of AD pathology was used
in analyses. The summary measure was derived by converting the 15 raw scores from each
case into standard scores. The standardized score for each pathologic index (e.g., midfrontal
neuritic plaques) was obtained by dividing the raw score by the SD of the mean score for that
index from that region from the entire deceased cohort. The scores across regions for that
pathologic index were averaged to create a standardized score for each pathologic index.
Finally, the summary scores across regions for each pathologic index (e.g., neuritic plaques,
diffuse plaques, or neurofibrillary tangles) were averaged to yield the global measure of AD
pathology.

The validity of the global AD pathology summary measure was assessed previously by
comparing it to other established methods commonly used to stage and classify AD pathology,
including the CERAD system,1” NIA Reagan Institute criteria, 18 and Braak staging,® and
found to be a reliable and metrically sound method of summarizing the traditional pathologic
hallmarks of AD.

We also dissected blocks of paraformaldehyde fixed tissue from the hippocampus (CA-1/
subiculum), entorhinal cortex, anterior cingulate, midfrontal cortex, superior frontal cortex,
inferior temporal cortex, angular gyrus, and calcarine cortex. These were paraffin-embedded,
sectioned at 20 um, and stained with antibodies to amyloid beta protein (10D5, 1:1,000,
courtesy of Elan Pharmaceuticals) and to the tau protein, paired helical filament (AT8; 1:1,000,
Pierce Endogen). Amyloid load is quantified by image analysis and tau tangles by stereology
as previously described.15 Briefly, for both procedures, the region of interest is outlined at low
power using computer-driven videomicroscopy (MicroBright-field Stereolnvestigator 5.0
software, Cochester, VT) and a systematic sampling grid is overlaid on the video image. For
amyloid quantification, the microscope lens objective is raised to 20x and an image at each
grid intersection is captured to give approximately 50 to 70 images per slide. The percent area
occupied by amyloid is measured by an automatic segmentation of these lesions using an
algorithm, an approach that relies on automatic arbitration between two intensity-based
thresholders. For tangles, a video random systematic sampling grid is used along with an optical
fractionation counting box using Stereoinvestigator version 5. The measures for the percent
area of amyloid and density of tangles are averaged across regions to create summary measures
for both amyloid and tangles.
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Other variables

Other variables used in the analysis include age, sex, and education. We also considered
potential risk factors for subjective memory complaints, including depressive symptoms and
a measure of chronic health. Depressive symptoms were assessed with a 10-item short
form?0 of the Center for Epidemiologic Studies Depression (CES-D) scale.2! Because some
persons may have had AD at the last clinical evaluation, and therefore may not have been able
to reliably report on their mood, we used an average score for each participant across all follow-
up evaluations in analyses. Additional analyses using the first and last CES-D score in place
of the average CES-D score yielded similar results. Seven medical conditions were identified
in at least 5% of study participants at baseline: hypertension, diabetes, heart disease, cancer,
thyroid disease, head injury with loss of consciousness, and cerebrovascular disease. The
number of these conditions present at any time during the study was used as an index of chronic
iliness, as previously described.22 We used 19 cognitive function tests to assess functions
commonly affected by aging and AD (e.g., episodic memory, working memory). To minimize
floor and ceiling effects and other sources of measurement error, we used a composite measure
of all 19 tests in analyses. We converted raw scores on each individual test to z scores, using
the baseline mean and SD of all participants, and averaged the z scores. Further information
about the individual tests and the derivation of the global cognitive measure is published
elsewhere 156,23

Statistical analysis

Results

Analyses were carried out in SAS,24 and models were validated graphically and analytically.
We constructed multiple linear regression models with memory complaints as the outcome and
the composite measure of AD pathology as the predictor. All regression models included terms
for the potentially confounding effects of age, sex, and education.

Multiple linear regression analyses were performed to examine the relation of AD pathology
to memory complaints. The primary model included terms for AD pathology, age, sex, and
education. In subsequent models, we examined other factors that may confound the relation
between AD pathology and memory complaints. In separate models, each with terms for age,
sex, education, and global AD pathology, we added terms for number of depressive symptoms
and number of chronic health problems. Additional multiple linear regression analyses were
performed to determine whether memory complaints were related to the specific deposition of
amyloid or tau tangles. Because the interval between the last clinical evaluation and the autopsy
may affect measurement of AD pathology, we repeated each of these models and included a
term for clinical interval.

To determine whether memory complaints may differ in persons with and without AD, core
models were repeated in those two groups. As an additional test of this hypothesis, a Pearson
correlation was conducted to examine the relation between memory complaints and level of
global cognitive function proximate to death.

Sample characteristics are shown in table 1. The mean age at death was slightly over 87 years
and more than half of the cohort were women. The median subjective memory score was 7.0
(range = 4 to 10). The average interval from last clinical interview and autopsy was 6.8 months
(SD =4.03; range = 0.2 to 17.3).

We examined the relation of AD pathology to memory complaints proximate to death using

linear regression models adjusted for age, sex, and education (table 2, model A). Each unit of
AD pathology was associated with about a one point higher memory complaint score (p =
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0.002) proximate to death, and this did not vary by age, education, or sex. Findings were
essentially unchanged after accounting for depressive symptoms (table 2, model B) and number
of chronic health conditions (table 2, model C).

To assess whether the relation between AD pathology and memory complaints was related
specifically to deposition of one or both of the pathologic markers of AD, we repeated the
analyses using a summary measure for amyloid deposits and tangles in place of the global
measure of AD pathology. As shown in table 2, each 1% increase in amyloid load and each
tau-positive neurofibrillary tangle was associated with about a tenth of a point higher memory
complaint score (p = 0.01 and p < 0.001). These associations were essentially unchanged in
analyses that controlled for depressive symptoms and number of chronic health conditions
(data not shown).

Because the interval between the last clinical evaluation and the autopsy may have affected
measurement of AD pathology, we repeated each of the core models and included a term for
clinical interval. The results were essentially unchanged.

Both the magnitude and significance of memory complaints may differ in persons with and
without AD. Therefore, we examined the relationship between AD pathology and memory
complaints in the group with no dementia and, separately, among those with clinically
diagnosed AD proximate to death. Twenty-three persons met clinical criteria for probable AD,
and 67 people did not have dementia proximate to death. Using multiple linear regression
analyses that controlled for age, sex, and education, we found in the 67 persons without
dementia, AD pathology was related to memory complaints (estimate = 0.69, SE = 0.35, p =
0.05), and the results were not substantially changed after controlling for depressive symptoms
or chronic health conditions (results not shown). Similarly, both amyloid and tau tangles were
associated with memory complaints in the non-demented group (amyloid estimate = 0.10, SE
= 0.05, p = 0.05; tangles estimate = 0.09, SE = 0.04, p = 0.03). In secondary analyses that
controlled for the interval between the last clinical evaluation and autopsy, the results were
similar for the association between AD pathology and memory complaints and amyloid and
memory complaints, but each only approached significance. The results for tau tangles and
memory complaints were essentially unchanged after controlling for clinical interval (p =0.02).

We repeated these analyses in persons with dementia. Although we did not find a relationship
between the summary measure of AD pathology (estimate = 0.60, SE = 0.79, p = 0.44) or
amyloid load (estimate = 0.17, SE = 0.11, p = 0.12) with memory complaints in persons with
clinically diagnosed AD, we did find that the number of tau-positive neurofibrillary tangles
was associated with memory complaints (estimate = 0.09, SE = 0.03, p = 0.02). This finding
was not substantially changed after controlling for depressive symptoms, chronic health
conditions, or interval between last clinical evaluation and autopsy (results not shown).

These results suggest that older persons both with and without dementia possess insight to their
level of cognitive functioning. To explore this hypothesis further, we examined the correlation
between level of global cognitive function proximate to death and memory complaints in both
the demented and non-demented groups. The relation was significant for both groups (non-
demented r = —0.34; demented r = —0.49).

Discussion

In this clinicopathologic study of 90 older persons, we found that subjective memory
complaints were associated with AD pathology, assessed with histochemistry, and with
measures of amyloid and tau tangles using molecular specific antibody immunohistochemistry.
This association was not accounted for by depressive symptomatology or chronic health
conditions. In secondary analyses, we found that an association between memory complaints
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and AD pathology was present in both persons with and without clinically diagnosed AD.
These findings suggest that memory complaints in older persons should be taken seriously
because they may indicate self-awareness of a degenerative pathologic process.

Most previous studies have investigated memory complaints and future dementia with
neuroimaging, and results have been mixed.1=:25-28 These studies differed widely on how
memory complaints were measured, what confounding variables were included in the analyses,
and how cognitive impairment or dementia was assessed. To our knowledge, only one previous
study has examined the relation between memory complaints and neuropathologically
diagnosed AD.? Similar to our study, they found that persons with memory complaints who
were free from dementia or cognitive impairment were more likely to have neuropathologically
diagnosed AD at autopsy. However, their study consisted only of Japanese American men and
assessed memory complaints only at baseline, an average of 6 years before autopsy. In the
current study, we assessed both men and women and memory complaints were assessed on
average 9 months proximate to death.

While opinions have differed in the research community as to the importance of subjective
memory complaints in older adults, they are often assumed to be related to depression, stress,
or other personality traits26:29:30 rather than signifying the presence of underlying brain
disease. Our results suggest that community-dwelling older persons with and without dementia
possess some insight to their level of functioning, and this insight is related to actual changes
in the brain. Consistent with this idea, one imaging study found that memory complaints in
patients without any cognitive impairment were associated with smaller hippocampal
volumes?® (although another study did not find a relationship26), suggesting that memory
complaints may reflect actual brain disease.?® Awareness of this relationship may allow for
earlier intervention by family members for safety and planning and by physicians for diagnosis
and treatment. The association between memory complaints and AD pathology will become
especially important as we develop better preventions and therapies that target early disease.

Several factors increase confidence in the findings. First, participants were community-
dwelling men and women from a single cohort study, with high follow-up participation and
brain autopsy. Second, analyses controlled for potentially confounding demographic (i.e., age,
education, sex) and health (i.e., depressive symptoms, chronic conditions) factors. Third,
uniform structured procedures were followed with blinding to previously collected clinical
data as well as to postmortem data, reducing the potential for bias. Finally, both traditional
silver staining and more sensitive immunohistochemical techniques were used to ascertain AD
pathology, further strengthening confidence in our results.

This study has limitations. First, our sample was relatively small. A larger sample size,
particularly for persons with clinically diagnosed AD, would have increased our power and
ability to detect an association between memory complaints and AD pathology. It is also
possible that ceiling effects on the memory complaints composite measure, at least in the AD
subgroup, limited our ability to detect an association between complaints and AD pathology.
Second, clinicopathologic studies are subject to survival bias. Persons who die with memory
complaints in a clinicopathologic study may represent an unusual subset of persons, and
therefore may limit our ability to generalize to the wider population.
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Figure.
Box plots showing the median values for the composite score and the two memory complaints
questions in the total sample, no Alzheimer disease (AD), and AD subgroups.
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Characteristics AD,n=23 Non-AD, n = 67 Total sample, n =90
Mean age at death, y (SD) 89.9 (4.9) 86.1(5.9) 87.1(5.9)
Women, % 48 58 56
Mean education, y (SD) 149 (3.3) 14.1 (3.3) 14.3 (3.3)
Mean PMI, mo (SD) 8.1(9.5) 9.3(10.5) 6.8 (4.0)
Mean clinical interval,” mo (SD) 12.6 (10.6) 83(5.9) 9.4 (7.6)
Median memory complaints score (range) 9.0 (5-10) 7.0 (4-10) 7.0 (4-10)
Mean no. of depressive symptoms (SD) 1.8 (2.0) 1.7 (1.6) 1.8(1.7)
Mean no. of chronic health conditions (SD) 1.1(1.0) 1.8 (1.0) 1.6 (1.1)
Mean AD pathology summary score (SD) 1.3 (0.56) 0.51 (0.53) 0.70 (0.64)
Mean amyloid, % burden (SD) 6.4 (3.9) 29(41) 3.8(4.3)
Mean tau tangles, no./mm? (SD) 13.7 (11.6) 3.6 (4.4 6.2 (8.3)

PMI = postmortem interval, AD = Alzheimer disease.

*
Interval between last clinical evaluation and death.
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Summary of linear regression models examining the association of Alzheimer disease pathology and memory

complaints in 90 persons with and without dementia

Model term™ Estimated effect of AD SE p Value
pathology

Model A: AD pathology 0.88 0.28 0.002

Model B: Adjustment for depressive symptoms 0.87 0.28 0.003

Model C: Adjustment for chronic health problems 0.83 0.29 0.006

Model D: Amyloid (%) 0.12 0.05 0.01

Model E: Tau tangles (no./mm?) 0.10 0.02 <0.001

*
See text for derivation of summary measures for Alzheimer disease (AD) pathology, amyloid, and tau tangles. All models control for age, sex, and

education. Memory complaints is the outcome variable.
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