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Background: Chronic stress has been associated with impaired episodic memory, but the association of
premorbidly experienced distress with memory function in Alzheimer’s disease is unknown.
Objective: To investigate the link between proneness to distress and Alzheimer’s disease.
Methods: Participants were 363 persons with clinically diagnosed Alzheimer’s disease. At baseline, a
knowledgeable informant rated each person’s premorbid personality (that is, before dementia onset)
along five dimensions, one of which was the tendency to experience psychological distress. Participants
underwent structured clinical evaluations at baseline and then annually for up to four years. Each
evaluation included 17 cognitive tests from which previously established measures of episodic memory,
visuoconstruction, repetition, and naming were derived.
Results: In a series of random effects models adjusted for age, sex, and education, premorbid distress
proneness was associated with baseline impairment in episodic memory but not with impairment in other
cognitive domains, or with change in any cognitive domain. No other trait was related to baseline function
or rate of decline in any cognitive domain.
Conclusions: The results suggest that premorbid proneness to experience psychological distress is related
to level of impairment in episodic memory in persons with Alzheimer’s disease, but neither distress
proneness nor other personality traits are related to disease progression.

A
lzheimer’s disease is the leading cause of decline in
memory and other forms of cognition in old age. At
necropsy examination, however, quantitative indices of

Alzheimer’s disease pathology (for example, neuritic plaques,
neurofibrillary tangles) are only modestly related to the
presence of dementia and cognitive impairment near the time
of death, suggesting that other neurobiological mechanisms
are involved.1 2

There is substantial evidence that chronic psychological
distress may contribute to memory impairment.3 In animals,
stressful experiences have been shown to impair hippocam-
pally mediated forms of learning and memory4 and to be
related to reduced dendritic arborisation and neurogenesis in
selected regions of the hippocampus.5 6 In humans, hippo-
campal atrophy has been observed in psychiatric disorders
marked by high levels of distress,7 8 and indicators of stressful
experience have been associated with impairment in episodic
memory,9 10 which is primarily mediated by the hippocampal
formation.11 These observations raise the possibility that
chronic distress contributes to impaired episodic memory in
persons with Alzheimer’s disease.12

People differ in the tendency to experience negative
emotional states like depression, anxiety, anger, shame, and
embarrassment.13 This personality trait—which can be
assessed using self report or informant report question-
naires14 15—is quite stable through adulthood and old age,16 17

and longitudinal studies have shown that it is a good
indicator of how much psychological distress people experi-
ence on a chronic basis.18 19 The trait is variously referred to as
neuroticism, negative affectivity, emotional stability, and
distress proneness.13–15 20 We prefer the latter label because it
specifies the central feature of the trait in unambiguous
terms.

To investigate the link between distress proneness and
Alzheimer’s disease, we used data from a four year long-
itudinal study of more than 300 persons with clinically
diagnosed Alzheimer’s disease. At baseline, a knowledgeable

informant used standard scales, modified for informant
report, to rate each person’s tendency to experience psycho-
logical distress and other stable personality traits before
dementia onset. Participants had structured uniform clinical
evaluations at baseline and annually thereafter for up to four
years. The evaluations included detailed cognitive function
testing, from which previously established composite mea-
sures of episodic memory and other cognitive functions were
derived. We hypothesised that distress proneness would have
a negative association with the baseline level of episodic
memory function but not with function in other cognitive
domains. To evaluate the specificity of this association, we
examined the association of other personality traits with
baseline level of episodic memory and other cognitive
functions. We also tested whether distress proneness or the
other traits were related to rate of decline in episodic memory
or other cognitive domains.

METHODS
Subjects
Participants were 410 persons recruited from the Rush
Alzheimer’s Disease Center. Eligibility required a clinical
diagnosis of Alzheimer’s disease (see below), community
residence, and a score of 11 or more on the mini-mental state
examination (MMSE21). Of 492 persons who met these
criteria during a 12 month period, 410 (83%) agreed to
participate in the study. The study was approved by the
Institutional Review Board of Rush University Medical
Center.

Of the 410 study participants, premorbid personality data
were available for 363 (89%). Descriptive information on
these persons is provided in table 1. There were 236 women
and 127 men; 57 were black and 306 were white. Women
were more apt to be missing personality data than men (14%
v 7%, p = 0.03), but the subgroups with and without
personality data did not differ in age, education, race, or
any cognitive function measure. The informant who rated
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premorbid personality traits was most often the spouse (46%)
or child (38%) of the participant (12% other relative, 4%
other).

Clinical evaluation
At baseline, each participant had a uniform structured
clinical evaluation which included a medical history, neuro-
logical examination, cognitive function assessment, infor-
mant interview, and standard laboratory tests. A magnetic
resonance imaging scan was also done in persons without a
brain scan in the past year or if otherwise clinically indicated.
The evaluation incorporated the procedures used by the
Consortium to Established a Registry for Alzheimer’s Disease
(CERAD22) and conformed to the practice guidelines recom-
mended by the quality standards subcommittee of the
American Academy of Neurology.23 Further information on
this evaluation is published elsewhere.24–27

On the basis of this evaluation, a board certified
neurologist diagnosed dementia and Alzheimer’s disease
clinically according to the criteria of the joint working group
of the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s disease and
Related Disorders Association (NINCDS/ADRDA28). These
criteria require a history of cognitive decline and evidence
of impairment in memory and at least one other cognitive
domain. Persons who met those criteria but also had another
condition judged to contribute to cognitive impairment,
termed possible Alzheimer’s disease in the NINCDS/ADRDA
system, were included in analyses.

The essential details of the baseline evaluation were
repeated at annual intervals for up to four years. Examiners
were blinded to previously collected data.

Assessment of cognitive function
At each evaluation, a set of 17 cognitive function tests was
administered. On the basis of a factor analysis of the tests at
baseline,29 we grouped the tests into four functional domains.
Tests of episodic memory included immediate and delayed
recall of the East Boston story30; a three alternative, forced
choice, delayed recognition memory test for 15 previously
presented Boston naming test items31; and the figural
memory test,29 which tests recognition memory for abstract
line drawings in three separate trials. Visuoconstruction was
assessed with three tasks: constructional praxis, which involves
copying geometric designs22; the facial recognition test, which
assesses facial perception in a match-to-sample format32; and
the figural recognition test, which assesses perception of the
abstract drawings from the figural memory test in a match-
to-sample format.29

Repetition was assessed using word repetition, high
probability phrase repetition, low probability phrase repeti-
tion, and commands from the Boston diagnostic aphasia
examination.33 Naming was assessed with responsive naming
and body part identification from the Boston diagnostic

aphasia examination33 and CERAD versions of the Boston
naming test and verbal fluency.22

Analyses were based on composite measures rather than
individual tests, to minimise floor and ceiling artefacts and
other forms of measurement error. Measures of episodic
memory, visuoconstruction, repetition, and naming were
formed by converting raw scores on each individual test to z
scores, using the baseline mean and standard deviation in the
entire cohort, and then computing the average of the z scores
of tests belonging to that domain. A measure of global
cognition based on all 17 tests was constructed in the same
way. Further information about the 17 individual tests and
the derivation of the composite measures is contained in
previous reports.25–27 29 34

Assessment of premorbid personality
We assessed five personality traits with standard adjective
rating scales developed by Goldberg.35 At baseline, the person
with the most daily contact with the participant was asked to
indicate whether or not each of 100 adjectives accurately
described the participant during their adult life up to five
years before the onset of dementia. For each trait, the score
was the number of item responses in the direction indicative
of that trait out of a possible 20. The five traits (with
examples of adjectives describing each) are as follows:
distress proneness (for example, tense, emotional); extraver-
sion (talkative, active); intellect (curious, creative); agree-
ableness (warm, generous); conscientiousness (organised,
hardworking).

Follow up participation
Of 363 persons with personality data at baseline, 16 died
before the first follow up evaluation. Of the remaining 347
persons, follow up data were available on 328 (94.5%), with
an average of three to four annual evaluations per individual.

Data analysis
We computed Cronbach’s coefficient a to assess the internal
consistency of each trait scale, and Pearson correlation
coefficients to assess the associations among the trait
measures.

We used random effects regression models to test whether
each trait was associated with baseline level of function or
annual rate of change in each cognitive domain.36 In this
approach, between person variation in baseline cognition and
in rate of cognitive change can be estimated from a single
model. Other advantages of this approach are that persons
need not have the same number of observations and that the
time between observations is not assumed to be constant
between or within persons. Further information on these
models and their application to cognitive data is published
elsewhere.29 34 37

In the core analysis, the composite measure of episodic
memory was the outcome, and the model included terms for
distress proneness (centred at or near the median), time in
years since baseline, and their interaction. The model also
included terms to control for the effects of age, sex, and
education on baseline level and rate of change of episodic
memory. The term for distress proneness indicates the
average effect of 1 point on the distress proneness scale
upon the baseline episodic memory score of a typical
participant. The term for time indicates the average annual
change in episodic memory for a typical participant. The
interaction tests whether distress proneness is related to rate
of episodic memory decline.

We conducted additional analyses to see if the informant’s
relationship to the participant affected results. We first
repeated the core model with terms added for informant
relationship (spouse versus other) and its interaction with

Table 1 Baseline characteristics of 363
persons with personality data

Characteristic Mean (SD)

Age (years) 75.3 (7.5)
Education (years) 12.1 (3.4)
MMSE score 18.7 (4.3)
Episodic memory score 0.005 (0.697)
Visuoconstruction score 20.001 (0.824)
Repetition score 0.005 (0.784)
Naming score 0.012 (0.749)
Global cognition score 0.002 (0.585)

MMSE, mini-mental state examination.
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time. We then repeated the latter model with terms for the
interaction of distress proneness with relationship and for the
triple interaction of distress proneness, relationship, and
time.

We repeated the core model separately for each of the
remaining three composite measures of cognition. We then
repeated this set of analyses for each of the other four
premorbid personality traits. Model assumptions were
examined graphically and analytically and found to be
adequately met. Analyses were carried out in SAS.38

RESULTS
Premorbid personality measures
Scores on each premorbid personality trait measure ranged
from 0 to 20, with higher scores indicating a higher level of
the trait (table 2). The distributions of distress proneness,
extraversion, and intellect were approximately symmetrical,
whereas the distributions of agreeableness and conscien-
tiousness were negatively skewed, with most persons
reported to have had high levels of these traits before
dementia onset. Cronbach’s coefficient a ranged from 0.85 to
0.92, indicating a high degree of internal consistency for each
trait scale. Correlations between traits were of modest size
and similar in pattern to those found with self report
measures of these traits,14 supporting the validity of the
current measures. On average, ratings by spouses, compared
with observers other than the spouse, were lower for distress
proneness (t[357] = 2.60, p = 0.010), higher for agreeable-
ness (t[353] = 3.07, p = 0.002), and did not differ for the
other three traits (all p . 0.50).

Distress proneness, cognitive impairment, and
cognitive decline
We began the analyses with the composite measure of
episodic memory. At baseline, it ranged from 21.521 to
1.863, with higher scores indicating better memory function
(table 1). We examined the relation of distress proneness to
baseline level of episodic memory and to annual rate of
episodic memory decline in a random effects model which
also included terms to control for the potentially confounding
effects of age, sex, and education (table 3). Distress
proneness was inversely related to episodic memory at
baseline, as shown by the term for distress proneness in the
table. There was an average reduction of 0.019 unit in the
baseline memory score (95% confidence interval (CI), 20.003
to 20.035) for each point on the distress proneness scale.
Thus a person with a low level of distress proneness
(score = 3, 25th centile) had a predicted baseline episodic
memory score of 0.193, which was more than three times the
score of 0.060 predicted for a person with a high level of
distress proneness (score = 10, 75th centile).

The episodic memory score declined an average of 0.275
unit per year (95% CI, 20.338 to 20.212) in a typical
participant, as shown by the term for time in table 3. Distress
proneness was unrelated to rate of episodic memory decline,

however, as shown by the lack of an interaction between
distress proneness and time.

Because the relationship between the informant and
participant was associated with distress proneness score, we
repeated the analysis with terms added for informant
relationship (that is, spouse v non-spouse) and its interaction
with time. The association of distress proneness with baseline
episodic memory score was unchanged in this model (mean
(SE) estimate, 20.018 (20.008), p = 0.024). In a subse-
quent model, we found no evidence that the association of
distress proneness with baseline episodic memory varied
according to informant relationship (p = 0.761 for interac-
tion of distress proneness with relation).

We examined the association of distress proneness with
composite measures of visuoconstruction, repetition, and
naming in similar analyses (table 3). The average annual rate
of decline in each of these cognitive domains was substantial,
as shown by the term for time in each model. Distress
proneness was not significantly related to initial level of
function or rate of decline in these other cognitive domains or
in a measure of global cognition based on tests from all four
functional domains.

Other traits, cognitive impairment, and cognitive
decline
We examined the association of each of the remaining four
traits (that is, extraversion, intellect, agreeableness, con-
scientiousness) with baseline level of function and rate of
change in each of the four specific cognitive measures
(episodic memory, visuoconstruction, repetition, naming)
and the measure of global cognition in separate random
effects models. Each analysis controlled for the effects of age,
sex, and education. None of the four premorbid personality
traits was significantly related to initial level of or rate of
decline in any of the five cognitive function measures (all
p . 0.05, data not shown).

DISCUSSION
In this cohort of more than 300 persons with clinically
diagnosed Alzheimer’s disease, we asked knowledgeable
informants to describe persons before dementia onset using
standard measures of five personality traits. We found that
the tendency to experience negative emotional states was
associated with episodic memory impairment at baseline but
not with impairment in other cognitive domains, nor with
decline in episodic memory or other cognitive domains. The
results suggest that premorbid proneness to experience
psychological distress may contribute to episodic memory
impairment in persons with mild to moderate Alzheimer’s
disease.

We are not aware of previous studies of the relation of
distress proneness to impairment of or decline in memory in
Alzheimer’s disease. There is evidence, however, that distress
proneness is related to episodic memory impairment in older
persons without dementia.39 Our findings suggest that this

Table 2 Psychometric information on measures of premorbid personality traits

Correlations*

Trait Mean (SD) Range a�
Distress
proneness Extraversion Intellect Agreeableness Conscientiousness

Distress proneness 7.0 (4.8) 0 to 20 0.89 2 20.05 20.09 20.44 20.29
Extraversion 11.7 (4.7) 0 to 20 0.87 2 0.30 0.12 0.05
Intellect 12.1 (4.4) 1 to 20 0.85 2 0.19 0.24
Agreeableness 17.5 (3.8) 0 to 20 0.90 2 0.43
Conscientiousness 17.1 (4.1) 0 to 20 0.92 2

*p , 0.05 for correlations with an absolute value of 0.12 or more.
�Cronbach’s coefficient a, a measure of internal consistency.
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association between distress proneness and episodic memory
impairment is still discernable among persons with mild to
moderately severe Alzheimer’s disease. We found no evi-
dence, however, that premorbid proneness to distress
affected disease progression.

How might distress proneness contribute to episodic
memory impairment in Alzheimer’s disease yet not be related
to progressive decline in memory and cognition, the
distinguishing feature of the disease? One possibility is that
distress proneness contributes to episodic memory impair-
ment independently of Alzheimer’s disease. This possibility is
supported by two observations. First, because distress
proneness is remarkably stable throughout adulthood16 17

and strongly related to the levels of psychological distress
that people actually experience,18 19 it is an indicator in
older persons of the level of negative emotional states
experienced during the life span. Second, as noted above,
the hippocampal formation—by virtue of its central role in
regulation of the hypothalamic–pituitary–adrenal stress
axis40—is especially vulnerable to chronic stress,3 with
resulting structural changes5–8 and impairment of forms of
learning and memory mediated by the hippocampus.4 9 10 An
implication of this hypothesis is that persons who are
relatively more prone to experiencing psychological distress
may be at increased risk of developing Alzheimer’s disease
compared with those who are less distress-prone because less
Alzheimer’s disease pathology would be needed to cause
clinical dementia.

Consistent with this hypothesis is the observation that
depressive symptomatology—a common form of psychologi-
cal distress—is related to risk of Alzheimer’s disease41 42 and
to decline in cognitive function,42–45 especially episodic
memory.42 Among persons with manifest dementia, we
found that distress proneness was not related to cognitive
decline, but such a finding is not uncommon for Alzheimer’s
disease risk factors (for example, age, apolipoprotein Ee4).

We also assessed premorbid levels of four other traits:
extraversion, intellect, agreeableness, and conscientiousness.
None of those traits was related to baseline level of function
or rate of decline in memory or other cognitive domains.
Overall, therefore, these results suggest that individual
differences in personality before dementia onset are not
related to individual differences in the rate at which memory
and cognitive decline progresses in affected persons.

Confidence in these findings is strengthened by several
factors. The clinical diagnosis of Alzheimer’s disease was
based on a uniform structured evaluation and widely
accepted criteria applied by a board certified neurologist,

and it has been confirmed in a high proportion of cases
at necropsy,29 reducing the likelihood of diagnostic mis-
classification. We used previously established composite
measures of episodic memory and other cognitive functions,
reducing the possibility that floor or ceiling artefacts, or
other forms of measurement error, affected the results.
The availability of an average of about four annual observa-
tions per person with a high rate of follow up participation
enhanced our ability to model individual patterns of
change in memory and cognition reliably and to test the
association of each trait with initial level of function and rate
of change.

An important limitation of this study is that we assessed
premorbid personality traits retrospectively by asking an
informant to describe the person before dementia onset. It is
possible, therefore, that the informant’s ratings were some-
how biased by the participant’s condition at baseline,
especially by dementia severity. However, such a bias does
not explain the differential association of distress proneness
with episodic memory compared with other cognitive
functions. In addition, because more severe cognitive
impairment at baseline was associated with more rapid
cognitive decline in this cohort,29 such a bias should result in
an association between a negative trait like distress prone-
ness and cognitive decline, but no such association was
observed. Nonetheless, a more secure understanding of the
relation of distress proneness with Alzheimer’s disease will
require longitudinal prospective studies in which personality
traits are measured before dementia onset.

Another limitation is that participants were selected from a
memory disorders clinic. Because many persons with
Alzheimer’s disease do not come to medical attention, it is
unlikely that the full range of personality and disease severity
is represented in this study. Longitudinal studies of popula-
tion based samples are needed.
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