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Abstract
Objective—To test the hypothesis that harm avoidance, a trait associated with behavioral
inhibition, is associated with risk of developing Alzheimer’s disease.

Methods—A total of 791 adults aged 55 years and older without dementia completed a standard
self report measure of harm avoidance. They then underwent annual evaluations that included
detailed cognitive testing and clinical classification of mild cognitive impairment, dementia and
Alzheimer’s disease. In a uniform neuropathologic examination of those who died, counts of
neuritic plaques diffuse plaques, and neurofibrillary tangles were standardized and combined to
yield a pathologic measure of disease. The relation of harm avoidance to incidence of Alzheimer’s
disease and related outcomes was estimated in analyses adjusted for age, sex, and education.

Results—During a mean of 3.5 years of annual observation, 98 people (12.4%) developed
incident Alzheimer’s disease. High level of harm avoidance (90th percentile) was associated with a
more than twofold increase in risk of Alzheimer’s disease compared to a low score (10th

percentile). Higher harm avoidance was also associated with increased incidence of mild cognitive
impairment and more rapid decline in episodic memory, working memory, and perceptual speed
(but not semantic memory or visuospatial ability). In 116 participants who died and underwent
brain autopsy, harm avoidance was not related to a composite measure of plaques and tangles.

Conclusion—High level of the harm avoidance trait, indicating a tendency toward behavioral
inhibition, is related to risk of developing Alzheimer’s disease and its precursor, mild cognitive
impairment.
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Harm avoidance is a personality trait indicative of behavioral inhibition (1). Persons with a
high level of the trait tend to be pessimistic, apprehensive, shy, and easily fatigued and to
avoid new and potentially aversive situations. In prospective studies of children and young
adults, higher harm avoidance has been associated with better health-related behavior (2,3)
and health outcomes (4,5), possibly because those low in the trait tend to be daring and
impulsive. The relation of the trait to health in old age is not well understood, however, with
some cross-sectional data linking higher level of the trait to increased likelihood of disability
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(6) and chronic illness (7–9). In the present study, we test the hypothesis that higher level of
the trait is associated with increased risk of Alzheimer’s disease (AD) in old age. The
hypothesis is based on the observation that harm avoidance is associated with lifestyle
patterns (e.g., reduced physical activity (10) and emotional predispositions (e.g., anxiety
proneness [11,12]) which have been associated with more rapid cognitive decline and
increased risk of dementia in old age.

To examine the relation of harm avoidance to the development of AD, we used data from
the Rush Memory and Aging Project. Participants aged 55 years and older completed a
standard self report measure of the trait. At annual intervals thereafter, they had evaluations
that included cognitive function testing and clinical classification of AD and its precursor,
mild cognitive impairment (MCI). Those who died during the study period had a brain
autopsy and uniform neuropathological examination to quantify pathologic burden of AD. In
analyses, we tested the hypothesis that higher level of the trait is associated with increased
risk of MCI and AD and more rapid decline in cognitive function. We also examined
whether higher level of harm avoidance was a symptom of the underlying neuropathologic
burden of AD rather than a risk factor for its occurrence.

METHODS
Participants

All subjects are participants from the Rush Memory and Aging Project (13), which involves
annual clinical evaluations and brain autopsy at death. They were recruited from retirement
communities, subsidized housing facilities, churches, and other social service agencies in the
greater Chicago metropolitan area. Eligibility required age of 55 years or older, absence of a
previous diagnosis of dementia or AD, and agreement to annual clinical evaluations and
brain donation at death.

Data for the present analyses were collected between February of 2004 and December of
2009. During this period, 1,000 participants without dementia completed the harm
avoidance scale. Of these, 31 died before the first annual follow-up evaluation and 94 had
been in the study less than 12 months. This left 875 eligible for follow-up, and follow-up
data were available on 791 (90.4 %). They had a mean age at baseline of 80.6 (SD=7.5), a
mean of 14.5 years of education (SD=3.1), 76.2% were women, and 89.1% were white and
non-Hispanic. They were followed for a mean of 3.5 years (SD=1.4).

Standard Protocol Approvals, Registrations, and Patient Consents
The Rush Memory and Aging Project was approved by the Institutional Review Board of
Rush University Medical Center. After a detailed explanation of the study, written informed
consent was obtained from all participants.

Clinical Evaluation
Participants had a uniform clinical evaluation each year consisting of a medical history,
complete neurological examination, and cognitive function testing. On the basis of this
evaluation, an experienced clinician diagnosed dementia and MCI, blinded to previously
collected data, following previously developed procedures (14, 15). First a
neuropsychologist rated impairment in 5 cognitive domains (orientation, attention, memory,
language, perception) based on review of all neuropsychological test data. To maintain
uniformity in the ratings across time and raters, the neuropsychologist was provided with
provisional ratings of each cognitive domain based on educationally adjusted cutoff scores
on 11 individual tests (16). Second, a clinician made diagnoses following an in person
evaluation and review of all clinical data including the neuropsychologist’s ratings.

Wilson et al. Page 2

Psychosom Med. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Dementia was diagnosed using the criteria of the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association (17) which require a history of declining cognition and evidence of impaired
function in at least two cognitive domains. For AD, one of the impaired domains had to be
memory.

Persons who did not meet dementia criteria but were impaired in one or more cognitive
domains were classified as MCI. These criteria are similar to those proposed for cognitive
impairment with no dementia (18). They have been shown in this and other cohorts to be
associated with subsequent risk of cognitive decline, dementia, and death (16,19) and the
neuropathologic hallmarks of dementia (20,21). Further information on the implementation
of these criteria in this (22) and other (23) cohorts is published elsewhere.

Assessment of Harm Avoidance
Subjects completed the 35-item Harm Avoidance scale from the Temperament and
Character Inventory (12). Items from four subscales were rated as true or false: anticipatory
worry (11 items; e.g., “Things often go wrong for me unless I’m careful”; range: 0–11), fear
of uncertainty (7 items; e.g., “I usually feel tense and worried when I have to do something
new and unfamiliar”; range: 0–7), shyness (8 items; e.g., “I am more shy than most people”;
range: 0–8), and fatigability (9 items; e.g., “I have less energy and tire more quickly than
most people”; range: 0–9). The score for the full scale (range: 0–35) and each subscale is the
number of item responses indicative of the trait in question. These continuous trait measures
were used in analyses. The internal consistency of the scale in this cohort has previously
been shown to be adequate, with Cronbach’s coefficient alpha equal to .89 for the total score
(6).

Assessment of Cognitive Function
Cognition function was assessed annually with a battery of 19 performance tests. There were
seven episodic memory measures: Word List Memory, Recall and recognition plus
immediate and delayed recall of the East Boston story and story A from Logical Memory.
Semantic memory was assessed with a 15-item version of the Boston Naming Test and
measures of word reading and verbal fluency. Digit Span Forward, Digit Span Backward,
and Digit Ordering assessed working memory. There were four measures of perceptual
speed: Symbol Digit Modalities Test, Number Comparison, and word reading and color
naming measures from a modified Stroop Neuropsychological Screening Test. Visuospatial
ability was assessed with short forms of Judgment of Line Orientation and Standard
Progressive Matrices. To minimize floor and ceiling artifacts, psychometrically established
composite measures were used in analyses. We used a measure of global cognition based on
all 19 tests and measures of episodic memory (7 tests), semantic memory (3 tests), working
memory (3 tests), perceptual speed (4 tests), and visuospatial ability (2 tests). We wanted the
contribution of each test to the composite measure to be approximately equal. Therefore,
scores on individual tests were converted to z scores, using the baseline mean and SD from
the entire cohort, and z scores were averaged to yield composite scores. Further information
on the individual tests and the derivation of these composite scores is contained in previous
publications (24,25).

Other Data Collection
Self report data on affect, personality, and life style was obtained at baseline. Depressive
symptoms were assessed with the Center for Epidemiological Studies Depression Scale,
using a 10-item (e.g., “I felt sad”) version (26). Loneliness was assessed with a 5-item (e.g.,
“I miss having people around”) form (27) of the deJong-Gierveld Loneliness Scale (28). The
neuroticism trait was measured with the standard 48-item (e.g., “I have a low opinion of
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myself) scale from the NEO Personality Inventory (29). Physical activity was quantified as
hours per week spent in five activities (e.g., walking for exercise), as previously described
(30). A composite measure of cognitively stimulating activity was based on frequency of
participation in seven mentally demanding activities (e.g., reading a book) (22).

Apolipoprotein E genotype was done by Agencourt Bioscience Corporation (Beverly, MA)
using high throughput sequencing of codon 112 (position 3937) and codon 158 (position
4075) of exon 4 of the apolipoprotein gene on chromosome 19. Subjects were divided into
those with versus without at least one copy of the ε4 allele.

Neuropathologic Assessment
The brain was removed in a standard fashion and cut coronally into 1-cm slabs which were
fixed in 4% paraformaldehyde. Tissue from 5 brain regions (midfrontal gyrus, superior
temporal gyrus, inferior parietal gyrus, entorhinal cortex, CA1/subiculum region of
hippocampus) was cut into 0.5-cm blocks, embedded in paraffin, sectioned a 6μm, and then
a modified Bielschowsky silver stain was applied. In each region, neuritic plaques, diffuse
plaques, and neurofibrillary tangles were separately counted by a neuropathologist or
technician blinded to all clinical data. Raw counts of each lesion type in each region were
converted to standard scores which were averaged to yield a composite measure of AD
neuropathologic burden. Further information on the neuropathological examination and
derivation of the composite pathologic measure is published elsewhere (20,21).

Data Analysis
We used Cox proportional hazards models (31) to test the relation of harm avoidance to risk
of developing AD with observations censored for persons not diagnosed with AD at the end
of the study period. Harm avoidance was treated as a continuous measure in all analyses.
Each model included terms to control for the potentially confounding effects of age, sex, and
education. Because preliminary analyses suggested that allowing for nonlinear age effects
did not influence results, age was treated as a continuous measure. The core model included
a term for harm avoidance score. In separate subsequent models, we added terms for the
interaction of harm avoidance with sex, age, and education; and for depressive symptoms,
loneliness, neuroticism, physical activity, cognitively stimulating activity, and inheritance of
an ε4 allele. We repeated the original model with trait subscores in place of the global trait
score. In subsequent analyses, we related trait scores to risk of developing MCI. To check
the proportional hazard assumption, we examined the correlation between the scaled
Schoenfeld residuals and time for each covariate (32).

The relation of trait scores to change in cognitive function was assessed with mixed-effects
regression models (33). The initial analysis used a composite measure of global cognition as
the outcome. Subsequent analyses adjusted for other affective states or traits, used measures
of specific cognitive function, and excluded baseline MCI. Model assumptions about
normality and homoscedasticity of errors were assessed by examining the conditional
studentized residuals and the effect of removing outliers. In a final set of linear regression
models, harm avoidance and its subscores were each regressed on a composite measure of
plaques and tangles in separate analyses.

RESULTS
Harm avoidance scores ranged from 0 to 34 (mean=10.5, SD=6.6, skewness=0.7), with
higher values indicating more of the trait. Harm avoidance was unrelated to age (r=.06, p=.
07) or possession of an apolipoprotein E ε4 allele (χ2 [1]=0.8, p=.36), inversely related to
education (r=−.20, p<.001), and higher in women than men (χ2[1]=9.3, p=.002). Higher trait
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score was associated with higher level of depressive symptoms (r=.42, p<.001), loneliness
(r=.34, p<.001), and neuroticism (r=.66, p<.001) and lower level of global cognitive
functioning (r=−.17, p<.001), cognitive activity (r=−.17, p<.001), and physical activity (r=
−.11, p=.002).

Harm Avoidance and Incidence of Alzheimer’s disease
During a mean of 3.5 years of observation, 98 people developed AD. Those who became
affected were older, more cognitively impaired, and more likely to have an ε4 allele than
those who remained unaffected, and they differed in harm avoidance, loneliness, and
cognitive activity (Table 1). We assessed the relation of harm avoidance score to risk of AD
in a proportional hazards model that controlled for age, sex, and education. Higher level of
the trait was associated with increased risk of AD (hazard ratio=1.045, 95% confidence
interval: 1.013, 1.077). To visually examine this effect, we plotted the model-based
estimates of risk of developing AD at different levels of harm avoidance (upper panel of
Figure 1). A person with a high level of the trait (score=20, 90th percentile, red line) was
more than twice as likely to develop AD as a person with a low level of the trait (score=3,
10th percentile, black line).

The scaled Schoenfeld residuals for harm avoidance, age, and education did not vary over
time, consistent with the proportional hazard assumption of the Cox regression model. The
residuals for sex were related to time, but in a subsequent Cox model stratified for sex, the
association of harm avoidance with risk of AD was virtually identical to the original analysis
(hazard ratio = 1.043, 95% confidence interval: 1,013, 1.073).

Because women tend to have higher levels of the trait than men (12), we examined the
possibility that gender might modify the association of harm avoidance with risk of AD.
There was no interaction, however (estimate = −0.038, SE = 0.038, p = .31). In subsequent
analyses, there was no evidence that the effect of harm avoidance varied by age (estimate =
−0.002, SE = 0.002, p =.31) or education (estimate = 0.000, SE = 0.005, p = .94).

Depressive symptoms (26,34), loneliness (27), and the neuroticism trait (35,36) have been
linked to late life dementia and each was associated with harm avoidance in this cohort. To
determine whether these associations affected results, we adjusted for each covariate in
separate analyses. Harm avoidance continued to be associated with increased risk of AD
after controlling for depressive symptoms (hazard ratio=1.038; 95% confidence interval:
1.005, 1.073), loneliness (hazard ratio=1.034; 95% confidence interval: 1.001, 1.068), and
neuroticism (hazard ratio=1.046; 95% CI: 1.003, 1.091). With all 3 of these correlated
covariates in the same model, the point estimate of the association was similar to previous
analyses (hazard ratio = 1.037) but the standard error was increased (95% confidence
interval: 0.996, 1.081), likely due to collinearity.

We considered additional factors that might have affected results. First, because physical
activity is related to harm avoidance (10) and dementia (37), we repeated the analysis with a
term added for self reported level of physical activity at baseline. Second, we repeated the
analysis with a term for frequency of participation in cognitively stimulating activities and
again with a term for possession of an apolipoprotein E ε4 allele because they are
established risk factors for AD. The association of harm avoidance with risk of AD persisted
in each analysis (hazard ratios for harm avoidance ranged from 1.028 to 1.045, each p<.05).

Substantial variation was evident in harm avoidance subscores: anticipatory worry (range:
0–11), fear of uncertainty (range: 0–7), shyness (range: 0–8), fatigability (range: 0–9). To
determine whether the subscores were differentially associated with AD risk, we analyzed
each in a separate model. As shown in Table 2, higher levels of anticipatory worry, fear of
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uncertainty, and fatigability were each related to increased risk of AD with a nearly
significant effect for shyness.

Harm Avoidance and Incidence of Mild Cognitive Impairment
We conducted additional analyses to assess whether harm avoidance is associated with
incidence of MCI, one of the earliest clinical manifestations of AD (38). Of 588 people
without evidence of any cognitive impairment at baseline, 208 (35.4%) developed MCI
during the study period. Higher level of harm avoidance was associated with increased
incidence of MCI (hazard ratio =1.038; 95% confidence interval: 1.015, 1.061). The lower
panel of Figure 1 shows the model-based estimates of risk of developing MCI at different
levels of harm avoidance. Risk of MCI was increased by more than 80% with a high level of
the trait (score =20, 90th percentile, red line) compared to a low level (score=3, 10th

percentile, black line). In line with the proportional hazards assumption, there was no
evidence that model coefficients varied over time.

Similar associations were observed for all four trait subscores (hazard ratio for anticipatory
worry =1.109; 95% confidence interval: 1.036, 1.188; hazard ratio for fear of uncertainty
=1.100; 95% confidence interval: 1.007, 1.202; hazard ratio for shyness = 1.066; 95%
confidence interval: 1.001, 1.134; hazard ratio for fatigability =1.086; 95% confidence ratio:
1.022, 1.055).

Harm Avoidance and Cognitive Decline
Because of the insidious onset and gradual progression of AD, separating MCI from
normality and dementia from MCI can be difficult. To ensure that results obtained with MCI
and AD were not the result of diagnostic bias or baseline differences in level of cognitive
function, we examined the relation of harm avoidance to cognitive decline, the primary
manifestation of the disease. In a mixed-effects model adjusted for age, sex, and education,
harm avoidance was associated with lower baseline score on a composite measure of global
cognition (beta estimate = −0.007, SE=0.003, p=.007) and, with this baseline effect
accounted for, more rapid global cognitive decline (beta estimate =−0.002, SE=0.001, p=.
003). Rate of global cognitive decline was approximately 50% faster in a person with a high
level of the trait (90th percentile, dotted line) compared to a low level (10th percentile, solid
line), as shown in the upper left portion of Figure 2. Plots of the conditional studentized
residuals suggested adequate model fit though there were some outliers. The association of
harm avoidance with MCI risk was unchanged, however, when the analysis was repeated
with the outliers removed (beta estimate = −0.002, SE = 0.001, p < .001).

In subsequent models, we controlled for other affective states and traits. The association of
harm avoidance with global cognitive decline persisted in separate analyses that adjusted for
depressive symptoms (beta estimate = −0.003, SE = 0.001, p = .004), loneliness (beta
estimate = −0.002, SE = 0.001, p =.03), and neuroticism (beta estimate = −0.002, SE =
0.001, p = .049) and in an analysis that simultaneously adjusted for all 3 of these covariates
(beta estimate=−0.002, SE=0.001, p=0.047).

To determine whether harm avoidance was related to decline in some cognitive systems but
not others, we repeated the analysis with composite measures of specific cognitive functions
in place of the global measure. Harm avoidance was associated with decline in episodic
memory, working memory and perceptual speed (figure 2) but not semantic memory or
visuospatial ability (Table 3). Results for working memory were especially notable. As
shown in Figure 2 (lower left), trait score was unrelated to baseline level of working
memory, but those with a high level of the trait (90th percentile, dotted line) experienced
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twice the rate of working memory decline as persons low in the trait (10th percentile, solid
line).

To see if the association of harm avoidance with cognitive decline was due to an association
with MCI, we repeated analyses excluding those with MCI at baseline. Higher harm
avoidance was associated with more rapid decline in global cognition (beta estimate =
−0.003, SE = 0.001, p = .001), working memory (beta estimate = −0.004, SE = 0.001, p<.
001) and perceptual speed (beta estimate = −0.003, SE = 0.001, p = .001) but not with
decline in other cognitive measures.

Harm Avoidance and AD Pathology
We conducted a final series of analyses to determine whether harm avoidance was a subtle
manifestation of the neuropathologic changes underlying AD. At the time of these analyses,
220 study participants had died; 182 (82.7%) underwent brain autopsy, the results of which
were available in 116 of whom 74.1% were women. They had a mean age at death of 88.2
(SD = 5.9), a mean postmortem interval of 7.9 hours (SD = 7.6), and mean of 7.5 months
(SD = 4.8) from last clinical evaluation to death. In separate linear regression models
adjusted for age at death, sex, and education, a composite measure of plaques and tangles
(mean = 0.52, SD = 0.49) was not related to harm avoidance (beta estimate = 1.37, SE =
1.37, p= .32) or its component scores (beta estimate for anticipatory worry = 0.12, SE =
0.47, p = .81; beta estimate for fear of uncertainty = 0.51, SE = 0.31, p = .10; beta estimate
for shyness = 0.68, SE = 0.51, p = .19; beta estimate for fatigability = 0.08, SE = 0.50, p= .
87).

DISCUSSION
Harm avoidance is a broad anxiety-related trait. We found that older people with a high
level of the trait, indicating a tendency to be excessively risk averse, were about twice as
likely to develop MCI and dementia as people with a low level of the trait. The results
suggest that harm avoidance is a risk factor for late life dementia.

We are not aware of prior research on the association of harm avoidance with dementia.
Factors may be related to the development of AD through an association with level of
cognitive function, rate of cognitive decline, or, as in the case of harm avoidance, both.
Importantly, the association of harm avoidance with cognitive decline was adjusted for
baseline level of cognitive function.

The basis of the association between harm avoidance and AD is uncertain. One possibility is
that a high score is a subtle early sign of the disease. However, harm avoidance was not
related to the underlying neuropathologic burden of AD unlike other early signs of the
disease such as olfactory impairment (39,40), gait dysfunction (41), and low body mass (42).
Further, among those without evidence of cognitive impairment at baseline, harm avoidance
predicted subsequent cognitive decline and development of MCI, linking the trait to the
emergence of the earliest signs of late life dementia.

Statistical adjustment for negative affect and lifestyle activities did not substantially affect
the association of harm avoidance with risk of AD. This suggests that other factors are
involved. Lower harm avoidance is associated with resilience, optimism, composure, and
energy (12,43). These attributes may facilitate adaptation to accumulating
neurodegeneration and other vicissitudes of late life. In addition, willingness to take risks
and tolerate uncertainty is associated with better cognitive function (44). Over the life span,
exposure to such trial and error learning opportunities might enhance executive cognitive
functions in those able to tolerate risk and uncertainty. In this regard, it is noteworthy that
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harm avoidance was mainly related to change in working memory and perceptual speed,
executive functions that involve manipulating and rapidly processing information.

Several factors increase confidence in these findings. The diagnoses of AD and MCI were
based on a uniform evaluation and accepted criteria applied by experienced clinicians,
making it unlikely that results were affected by clinical misclassification. Participation in
follow-up and autopsy was high, minimizing the likelihood that selective attrition influenced
findings. Results were consistent with multiple outcomes (i.e., AD, MCI, cognitive decline)
and with multiple measures of the harm avoidance trait (i.e., total score, subscores).

This study also has important limitations. In particular, the cohort is selected. It will be
important, therefore, to replicate these findings in a defined population of older people. It is
possible that results might differ with a longer observation period. Because most covariates
were assessed with brief measures, some residual confounding by these variables may have
occurred.
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Glossary

AD Alzheimer’s disease

MCI mild cognitive impairment

SD standard deviation

SE standard error
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Figure 1.
Cumulative risk of developing Alzheimer’s disease (upper panel) and mild cognitive
impairment (lower panel) in persons with different levels of harm avoidance (90th percentile,
red; 75th percentile, green; 50th percentile, blue; 25th percentile, yellow; 10th percentile,
black), adjusted for age, sex, and education.
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Figure 2.
Rate of decline in different cognitive domains in persons with different levels of harm
avoidance (90th percentile, dotted line; 50th percentile, dashed line; 10th percentile, solid
line), adjusted for age, sex, and education.
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Table 1

Baseline characteristics of participants who developed Alzheimer’s disease and those who did not*

Characteristics Incident Alzheimer’s Disease (n=98) Unaffected persons (n=693) P Value

Age, y 84.8 (6.2) 80.0 (7.4) <.001

Education 14.6 (2.6) 14.5 (3.2) .79

Women, % 73.5 76.6 .49

Harm avoidance 12.3 (7.4) 10.2 (6.4) .01

CES-D score 1.5 (1.8) 1.2 (1.7) .06

Loneliness 2.5 (0.6) 2.2 (0.6) <.001

Neuroticism 72.6 (19.3) 68.5 (21.7) .08

Global cognition −0.36 (0.46) 0.23 (0.48) <.001

Physical activity 3.2 (3.8) 3.2 (3.7) .95

Cognitively stim. activity 3.0 (0.7) 3.2 (0.7) .005

APOE ε4 allele, % 31.6 20.7 .02

*
Data are mean (SD) unless otherwise noted. CES-D is for Center for Epidemiologic Studies Depression scale; APOE is for apolipoprotein E.
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Table 2

Relation of harm avoidance subscales to risk of developing Alzheimer’s disease*

Model Term Hazard Ratio 95% Confidence Interval

Anticipatory worry 1.117 1.019, 1.225

Age 1.109 1.070, 1.149

Sex 1.265 0.788, 1.077

Education 1.017 0.947, 1.092

Fear of uncertainty 1.153 1.019, 1.305

Age 1.115 1.075, 1.155

Sex 1.309 0.812, 2.111

Education 1.017 0.946, 1.093

Shyness 1.073 0.987, 1.166

Age 1.110 1.072, 1.150

Sex 1.217 0.761, 1.945

Education 1.008 0.939, 1.081

Fatigability 1.111 1.020, 1.210

Age 1.108 1.070, 1.148

Sex 1.211 0.757, 1.939

Education 1.012 0.943, 1.087

*
From four separate proportional hazards models.
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