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Abstract

Objective—To test whether the level of hostility predicted the rate of cognitive decline in a
community of older Blacks and Whites and whether the association varied as a function of race.

Methods—Over 4800 persons from a defined community in Chicago completed up to three
structured interviews at approximately 3 year intervals over a period of up to 8.8 years (mean = 4.4
years). At the baseline interview, hostility was assessed with 8-items from the Cook-Medley Hostility
Scale. Cognitive function was assessed at each interview with four cognitive function tests from
which a composite measure of cognition was formed. Mixed effects models were used to assess
change in cognition and its relation to hostility, controlling for age, sex, education, and race.

Results—The average score on the hostility scale at baseline was 3.0 (SD = 2.1). Higher levels of
hostility were associated with lower cognitive scores (estimate = —0.028, SE = 0.004, p <.001).
Cognition declined at a rate of 0.051 U per year on average, but hostility was not related to the rate
of decline. Results were unchanged after controlling for depressive symptoms, chronic health,
neuroticism, and social and cognitive activity patterns, or when persons with cognitive impairment
at baseline were excluded. The association was similar in Blacks and Whites.

Conclusion—The results suggest that hostility is associated with level of cognitive function in
older persons but not related to cognitive decline.
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INTRODUCTION

Hostility is a relatively stable personality trait believed to have an adverse effect on common
disease risk factors, chronic medical conditions, and mortality (1-3). It is generally defined in
terms of cognitive (e.g., attitudes), behavioral (e.g., aggression), and emotional (e.g., anger)
characteristics of an individual's negative orientation toward others (3). It has been one of the
major constructs in the literature on the role of personality in disease processes and health
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outcomes (4). The majority of studies have focused on the relationship between hostility and
cardiovascular disease. Previous studies in older populations have found that higher hostility
scores are predictive of a range of cardiovascular outcomes, including myocardial infarction
(2,5) and cardiovascular mortality (2,5,6) although negative studies have been reported as well
(7,8). More recently, investigators have examined other health outcomes including fasting
insulin and glucose (9), metabolic syndrome (10), inflammatory response (11), and lung
function (12); in all cases reported associations revealed the expected pattern with hostility
being related to higher levels and/or faster declines in function.

Given the large number of studies reporting an association between hostility and various health
outcomes, particularly cardiovascular outcomes, it is striking that no study has directly
examined the association of hostility to cognitive decline in old age. Why would hostility be
a candidate risk factor for cognitive decline? First, it has been associated with other negative
mood states or personality characteristics that have been implicated in studies of cognitive
decline and dementia. For example, depression (13-15), neuroticism (16,17), and loneliness
(18) have been well documented as important risk factors for cognitive decline or Alzheimer's
disease. Further, other studies have found that higher levels of conscientiousness and
extraversion are related to a reduced risk of Alzheimer's disease and mild cognitive impairment,
and higher cognitive function (19-21). Second, as detailed above, it is strongly related to
cardiovascular outcomes and there is a growing literature on the relationship of cardiovascular
disease and cognitive impairment (22-24). However, we are unaware of any published studies
of hostility and cognitive decline, although a few studies indirectly examined the association.
One small study of 57 patients with memory complaints examined personality characteristics
including neuroticism, extraversion, agreeableness, and depression, and memory impairment
and found that only neuroticism and symptoms of depression interacted with memory
performance (25). Another study of caregiver stress as a predictor of decline on a vocabulary
test reported that caregivers declined by a small amount compared with noncaregivers, and
that a higher hostile attribution and metabolic risk in caregivers mediated the decline (26).

In the current analysis, we had two objectives: 1) to examine the relationship of hostility and
rate of cognitive decline in a population-based cohort of adults over the age of 65, and 2) to
examine the extent to which there are racial differences in the relationship between hostility
and cognition. Studies in the general population of racial differences in cognitive test
performance find lower levels of test performance among Blacks as compared with Whites
(e.g., 27,28), but no published population studies employ adequate humbers of identical
measurements of cognition (three or more) to adequately compare decline across racial groups.
Furthermore, information on racial differences in negative emotions is limited (17). Therefore,
we hypothesized that higher levels of hostility would be associated with both lower cognitive
function and a faster rate of cognitive decline, and that these associations would be similar in
Blacks and Whites.

Participants were residents of a geographically defined community of the south side of Chicago
who enrolled in the Chicago Health and Aging Project, an ongoing population-based
longitudinal study of risk factors for common-age related conditions, including Alzheimer's
disease. The study started with a complete census of all households in the community area. All
of the residents aged 65 years and older identified in the census were asked to participate. Of
7813 eligible residents in this original cohort, 6158 (78.9%) participated (non-Hispanic Blacks:
61.4%; non-Hispanic Whites: 37.7%; Hispanic and/or Other race or ethnicity unreported:
0.9%). Details of the study design have been described previously (29). Briefly, in-home
baseline interviews were conducted from 1993 to 1997, followed by successive interview
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cyclesatapproximately 3-year intervals. Beginning with the third cycle (2000—2002), residents
who had turned 65 since the inception of the study have also been invited to participate on a
rolling basis. As they entered the study, each of these new participants received the same
baseline interview as the original cohort members and is also re-interviewed at approximate
3-year intervals.

The interviews consisted of structured questions to elicit information on a wide range of
sociodemographic characteristics, psychosocial variables, medical history, and physical and
cognitive performance tests. The hostility measure was added during the second data collection
period (1997-1999) and was completed by participants of the original cohort during their
second interview and by newly added participants during their baseline interview. Data from
these two sources were combined for the present analysis and includes the baseline interview
and up to two follow-up interviews. All study procedures were approved by the Institutional
Review Board of Rush University Medical Center and all participants provided written,
informed consent.

Assessment of Hostility

Hostility was measured with eight factor-analytically derived items from the “cynicism
subset” (2,3) of the Cook-Medley Hostility Scale (30). The Cook-Medley Hostility Scale is a
commonly used measure that assesses trait tendencies toward interpersonal attitudes marked
by cynical mistrust, suspiciousness, disparaging views of others, and anger responses (2,3).
The abbreviated 8-item measure focuses specifically on a cynical outlook and attitude toward
others and items are characterized by a general mistrust of others’ intentions and a perception
that these intentions are targeted toward the respondent (3). Previous research with the scale
has shown it to be a reliable, valid, and more specific measure of cynicism and distrust than
the 50-item Cook-Medley Hostility Scale (2). Moreover, cynical hostility as measured with
this scale has been associated with excess risk of cardiovascular disease in a number of studies
(e.g., 2,5). Sample items include such statements as: It takes a lot of argument to convince most
people of the truth; I think most people would lie to get ahead. All items have a true/false
response option. Each true response was assigned 1 point and then summed across the items
to yield a summary score ranging from 0 to 8, with higher scores indicating greater hostility.
The coefficient alpha was 0.73, indicating a moderate level of internal consistency.

Assessment of Cognitive Function

Four brief tests of cognitive function were administered at each interview. There were two
measures of episodic memory: immediate and delayed recall of 12 ideas contained in the East
Boston Story (31). There was one test of perceptual speed: the oral version of the Symbol Digit
Modalities Test (32), in which participants are given 90 seconds to identify as many digit-
symbol matches as possible. The fourth test was the Mini-Mental State Examination (MMSE)
(33) a commonly used measure of global cognition. A composite of all four tests was used in
longitudinal analyses. As previously described (34), the raw scores on each test were converted
to z scores, using the baseline mean and standard deviation (SD) in the population, and then
the z scores were averaged, with higher scores indicating better cognitive function.

Assessment of Sociodemographic, Personality, and Mental Health Covariates

Other variables used in the analysis include age at baseline (based on date of birth and centered
at age 75), gender, race (non-Hispanic Black or non-Hispanic White, hereinafter referred to as
Black and White) and education (measured as years of schooling and centered at 12). A
composite measure of lifetime socioeconomic status (SES) was constructed based on four
components of SES that characterize different stages of the life course, as previously described
(35). The four components included 1) a measure of childhood SES and was based on parents’
years of education, father's occupational prestige score, and financial status during childhood
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(36), 2) the participant's level of education, 3) occupational status at age 30, and 4) current
income. We then calculated z-scores for each of the four components and computed the average
of the nonmissing values of each component, as previously described (35).

We also considered other factors known to be related to hostility or cognitive function as
covariates in the analysis. Depressive symptoms were assessed with a 10-item short form
(37) of the Center for Epidemiological Studies Depression scale (38). Participants were asked
if they had experienced each of 10 symptoms much of the time in the past week. The score is
the number of symptoms experienced. Neuroticism, defined as the tendency for individuals to
experience negative, distressing emotions (39) was assessed with four items from the 12-item
Neuroticism scale of the NEO Five-Factor Inventory (40). Participants rated their level of
agreement with each item, and scores (ranging from 0 to 4) were summed and then multiplied
by three to make the score more comparable to the original 12-item version of the scale, as
previously described (41). Frequency of participation in cognitively stimulating activities was
quantified with a previously established scale (34). People rated how often they had participated
in each of seven cognitive activities (e.g., reading a newspaper) in the past year on a 5-point
scale. The mean score for the seven activities has been associated with cognitive decline and
AD in this cohort (42). Social engagement was measured by four questions about participation
insocial and productive activities (43). Scores were summed across items, yielding a total score
ranging from 0 to 8, with higher scores indicating greater social engagement. We used standard
questions to quantify social network size as the number of friends and family members seen
at least once per month, as previously described (43). We also controlled for seven chronic
medical conditions that were reported by at least 5% of the population at baseline: hypertension,
heart disease, diabetes, cancer, thyroid disease, stroke, and herpes zoster or shingles. We used
the number of these conditions present at baseline as an indicator of chronic illness, as
previously described (13).

Data Analysis

We used mixed-effects regression models (44) to test the association of hostility score with
baseline level of cognition and rate of cognitive decline. This approach to assessing change
does not require participants to have the same number of observations or assume that time
between observations is constant across persons or testing occasions. An additional advantage
of this method compared with other models of longitudinal analysis such as generalized
estimating equations is that initial level of function and rate of change are explicitly modeled
as sources of random variability (45).

Modeling Hostility and Change in Cognitive Function

We first created a base model of change in cognitive function using data from up to three cycles.
We included in the model time from the baseline interview (in years), as well as age, gender,
education, race, and each of their interactions with time. After examining additional
interactions and squared terms, we included education-squared, age x gender, age x education,
and education x race in our final base model. Next, we tested the effect of hostility on baseline
level of global cognition and annual rate of change by adding hostility and hostility x time to
our base model. Subsequent models examined the effects of hostility on level and rate of change
on the individual tests included in the global composite. The main effect of hostility reflects
its effect on the starting level of cognitive function, and a significant interaction of hostility
and time would indicate that hostility is related to rate of change in cognitive function.

Modeling the Effect of Covariates on Hostility and Decline

Next, we fit additional models with terms added for chronic health conditions, depressive
symptoms, neuroticism, participation in cognitive and social activities, social network size,
and their interactions with time to test the degree to which the effects of hostility on baseline
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cognitive function and annual rate of change were influenced by physical and mental health,
participation in cognitively stimulating activities, or level of social interaction.

Secondary Analyses: Socio-Demographic Differences and Sensitivity Analyses

We next examined whether the effect of hostility on cognition varied as a function of self-
reported race by adding a term for the interaction of hostility with race, and a three-way
interaction of hostility, race, and time. To account for potential differences in the rate of change
in cognitive decline as a function of other sociodemographic characteristics, we repeated the
core model with a term for the interaction of age with hostility, and a three-way interaction of
age, hostility and time, followed by identical analyses of 2- and 3-way interactions involving
gender, education, and lifetime SES. We also performed a series of sensitivity analyses to a)
test whether the results were affected by the inclusion of persons with cognitive impairment,
by excluding, in separate models, persons who scored below 24 on the MMSE, the bottom 5%,
and the bottom 10% of the sample with the lowest global cognitive scores at baseline, and b)
whether excluding those without at least one follow-up evaluation may have biased the results.
Model assumptions, particularly regarding normality of the random effects and residual error,
were assessed graphically and analytically, and were adequately met (46).

RESULTS

Eligibility and Demographic Characteristics

There were 7669 persons with available data. Of these, 2667 were excluded from analyses as
they had died before follow-up or had not yet been contacted for a follow-up interview. Of the
remaining 5002, 50 (1%) were excluded due to other race/ethnicity, and 39 (<1%) due to
missing hostility data, leaving 4913 eligible persons for the current analysis. The mean follow-
up time was 4.42 years (SD = 1.56). Baseline descriptive data for Blacks and Whites in the
analyses are presented in Table 1. The mean global cognitive function score was 0.26 (SD =
0.68, with a range of —3.08 to 1.66).

Hostility, Baseline Cognition, and Rate of Cognitive Decline

In the initial mixed effects models, we examined the relation of hostility to initial level of
cognitive function and rate of cognitive decline, while adjusting for the effects of age, gender,
education, and race, using the terms included in the base model described in the Methods
section (Table 2, Models 1 and 2). Level of hostility was negatively associated with global
cognition at baseline, as shown by the term for hostility in Table 2. That is, there was an average
0.028 U lower baseline global cognitive score (estimate = —0.028, SE = 0.004, p < .001) for
each 1-point higher hostility score. Thus a person with a low level of hostility (score = 0, 10th
percentile) had a predicted baseline cognitive score of 0.279 compared with a cognitive score
of 0.109 for a person with a high level of hostility (score = 6, 90th percentile), a difference in
cognition that is roughly equivalent to being 4 years older at baseline. Figure 1 shows the effect
size in terms of SD unit changes. Global cognition declined an average of 0.050 standard unit
per year as shown by the term for time in Table 2 (Model 1). Hostility was not associated with
rate of cognitive decline as shown by the lack of a significant interaction term for hostility and
time (Table 2, Model 2). Analyses of the four individual cognitive function tests revealed a
similar pattern of results for the two memory measures and the MMSE, with a nearly significant
longitudinal effect of hostility and Symbol Digit Modality Test (data not shown).

Controlling for Covariates

In subsequent models, the main effect of hostility on level of baseline cognition was unchanged
after controlling for the potentially confounding effects of depressive symptoms (hostility
estimate =—0.028, SE =0.004, p <.001), chronic health conditions (hostility estimate =—0.027,
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SE =0.004, p <.001), or both depressive symptoms and chronic health conditions together in
the same model (hostility estimate = —0.028, SE = 0.004, p < .001). Because previous studies
have shown that hostility is moderately correlated with neuroticism (47), we repeated the core
model and included a term for neuroticism. Again, the association of hostility on level of
baseline cognition was unchanged (hostility estimate = —0.025, SE = 0.004, p < .001, Model
4). Both activity patterns and social conditions have been shown to vary by race (34,43), and
are associated with hostility (48,49) and cognitive function (42,43). Therefore, we added terms
for frequency of social engagement, frequency of cognitive activity, and size of social network
in separate models. There was no change in the association of hostility on level of baseline
cognition in either model (data not shown).

Hostility and Interactions with Race and Other Demographics

In secondary analyses, neither the two-way interaction of race and hostility nor the three-way
interaction of race, hostility, and time was significant, suggesting that the association between
hostility and cognitive decline did not vary by race (Table 3, Model 1). To explore this issue
further, we examined lifetime SES given the well-documented differences in SES between
Blacks and Whites. Including the lifetime SES measure in the model did not change the results
(data not shown), nor did the inclusion of a term for the interaction of hostility and lifetime
SES. There also was no interaction between hostility and education. However, there were
significant interactions between hostility and age (Table 3, Model 2), and hostility and gender
(Table 3, Model 3) on level of baseline cognition. The effect of hostility on cognition was
stronger for older persons (hostility x age estimate =—0.002, SE = 0.001, p =.008), and weaker
among men (hostility x male gender estimate = 0.016, SE = 0.008, p = .04).

Sensitivity Analyses

Although we controlled for baseline level of global cognition, we considered whether hostility
would be associated with change in cognitive function among relatively unimpaired persons.
In separate models, we excluded persons whose score on the MMSE was below 24 points at
baseline, a commonly used cut-point for screening for cognitive impairment (33). The
association between hostility and baseline cognition was smaller but remained significant
(estimate =—0.015, SE = 0.003, p <.001), and there was no relationship between hostility and
change in cognitive function. However, some studies suggest that the MMSE has limited
specificity in persons with low levels of education and minorities (50), therefore we conducted
additional sensitivity analyses by excluding persons whose average score on the composite
measure of cognitive function was at or below the 5th and 10th percentile at baseline. Although
the strength of the association between hostility and baseline cognition was weakened slightly
with each increasing percentile group (hostility estimate = —0.022 and —0.017, respectively),
excluding those persons with low levels of cognitive function at baseline did not alter the
association of hostility with baseline cognition or cognitive decline. In another sensitivity
analysis we repeated the core model after removing the restriction of having at least one
nonmissing cognitive function follow-up observation. The results were the same as in the
primary model: hostility was associated with level of cognitive function (estimate = —0.027,
SE =0.004, p <.001), but not with change in cognition (estimate = —0.001, SE =0.001 p =.
18).

DISCUSSION

In a population-based study of older Blacks and Whites we found that a measure of cynical
hostility was associated with lower cognitive function, but not with cognitive decline over
about 4.4 years of follow-up. The association of hostility with level of cognition was robust,
however, and remained essentially unchanged after controlling for education, chronic medical
conditions, depressive symptoms, neuroticism, and social and cognitive activity patterns, and
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after excluding those with low levels of cognitive function at baseline. There were no racial
differences in the association of hostility with level of cognition. The results suggest that
hostility may contribute to level of cognition in a diverse population of older adults.

We are not aware of previous studies of the relation of hostility to level of or rate of change in
cognition. But our results are consistent with studies that have examined other aspects of
negative affect, negative emotional states, or personality. For example, depressive symptoms
have been shown to be related to impaired cognition and cognitive decline in most (13,14), but
not all (15) large-scale epidemiologic studies. Neuroticism, a measure of distress proneness,
has also been related to impaired cognition (41). Thus, hostility may reflect an additional
psychological characteristic that negatively affects cognition in old age.

Although the relationship between hostility and cognition remains poorly understood, there
have been links between hostility and other health outcomes. A number of studies have shown
that hostility is related to a range of adverse health outcomes including various cardiovascular
disease outcomes (2,5), inflammation (11), and mortality (2,5,6). Several mechanisms have
been proposed to explain the association of hostility to these adverse health outcomes. One
mechanism suggests that hostility confers risk via exaggerated cardiovascular and/or
neuroendocrine responses to potential stressors (51). Consistent with this notion, Shapiro et al.
(52) reported that persons high in hostility had reduced blood flow to the medial prefrontal
cortex during mental arithmetic compared with those low in hostility. Another possibility is
that hostility may increase proneness to experience chronic stress (53), which has also been
found to increase risk for memory impairment (54). Other studies have proposed psychosocial
variables, such as social support or social stressors (55), or poor health behaviors (2) as potential
mediators between hostility and health. The basis of the association of hostility with level of
cognition is uncertain but the mechanisms may be similar to those proposed for the link between
hostility and cardiovascular disease. Hostility increases risk for clinical and subclinical
cardiovascular conditions, including carotid atherosclerosis, myocardial infarction, and
coronary heart disease (2,5,56). As cardiovascular disease is a potentially important risk factor
for cognitive decline and Alzheimer's disease (22-24), it is possible that hostility may influence
level of cognition through its association with cardiovascular disease. However, adjustment
for chronic health conditions, including cardiovascular disease, did not seem to account for the
association between hostility and cognitive function, suggesting that cardiovascular disease is
not an important mediator of this relationship. Future studies are needed to determine the
mechanisms linking hostility with level of cognition.

Hostility was only associated with level of cognition but not with cognitive decline. One
possibility is that hostility negatively affects test taking performance. Another possibility is
that hostility, a relatively stable personality trait, affected cognitive development earlier in life
or selection into less cognitively stimulating occupations or lifestyles, leading to a lower level
of cognitive function in older age. However, we did find that the association between hostility
and cognition was stronger in older adults, making this hypothesis less likely. Prospective
studies representing a broader spectrum of ages ranging from young adulthood into middle age
and old age are needed to address this issue.

Our study has several notable strengths. First, these data come from a geographically defined
population of older persons with representation across a wide spectrum of SES in both Blacks
and Whites. Second, we had three waves of data over an average of 4.4 years, allowing greater
precision in measuring change over time. Third, we used a composite measure of cognitive
function that assessed a range of cognitive abilities, rather than individual tests, decreasing the
possibility of floor and ceiling effects or other sources of measurement error. Finally, we
considered other important factors in our analysis that might have influenced the association
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between hostility and change in cognitive function, including depressive symptoms,
neuroticism, and chronic health conditions.

Our study also had limitations. First, we used a brief measure of hostility that only assessed
cynical hostility. It is possible that other aspects of hostility may have had a stronger relation
with change in cognition over time. Second, our population is from an urban setting in the
Midwest, and so the findings may not be generalizable to aging populations in other types of
settings in the United States.

Overall, our results indicate that hostility is associated with baseline level of cognition in older
adults, but not with rate of decline, and the association seems to be similar among older Blacks
and Whites.
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Figure 1.

Predicted paths of global cognitive decline associated with hostility. The middle line represents
the mean hostility score and the upper and lower lines represent one standard deviation change
above and below the mean.
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Participant Characteristics in the Chicago Health and Aging Project (N = 4913)
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Characteristic Whites N = 1455 Blacks N = 3458 Total Sample N = 4913
Women (%) 62.5 62.0 62.2

Age, mean (SD) 74.9 (6.8) 72.2 (5.5) 73.0 (6.0)
Education, mean (SD) 14.4 (3.2) 11.6 (3.3) 12.1(1.0)
Global cognition, mean (SD) 0.6 (0.6) 0.1(0.7) 0.3(0.7)
Hostility, mean (SD) 20(1.8) 34(2.1) 3.0(21)
CES-D? Score, mean (SD) 1.0(1.6) 1.8(21) 1.6 (2.0)
Neuroticism 7.1(2.4) 6.5 (2.4) 6.7 (2.4)
Chronic health conditions 1.2 (1.0) 1.2 (1.0) 1.2 (1.0

aCenter for Epidemiologic Studies Depression (Kohout et al., 1977).
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TABLE 2
Effects of Time and Hostility on Global Cognition as Estimated From Mixed Models

Model Term Model 1 Model 2 Model 32 Model 4b

Estimate (SE) p Estimate (SE) p Estimate (SE) p Estimate (SE) p
Time (yr)° —0.050 (0.005) <.001 —0.048 (0.005) <.001 —0.048 (0.005) <.001 —0.048 (0.005) <.001
Hostility —0.029 (0.004) <.001 —0.028 (0.004) <.001 —0.028 (0.004) <.001 —0.025 (0.004) <.001
Hostility x time —0.001 (0.001) .30 —0.001 (0.001) .29 —0.001 (0.001) .29

All models are adjusted for time, age, age x time, gender, gender x time, education, education x time, education-squared, race, race x time, age x gender,
age x education, and education x race.

aModel 3 includes terms to adjust for the effects of CES-D and chronic health conditions.
bModel 4 adjusts for neuroticism.

Age and education were centered at 75 and 12 yr, respectively. The effect of time, therefore, represents the rate of change in global cognition (in standard
units) over a 1-yr period for a 75-yr-old White woman with 12 yr of education.
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TABLE 3
Effects of Demographic Features on Hostility and its Association With Global Cognition as Estimated From Mixed
Models

Model Term Model 1 (Black Race) Model 2 (Age) Model 3 (Male Model 4 (Education)
Model Term (SE) p Model Term (SE) p Gender) Model Term (SE) p
Model Term (SE) p

Hostility ~0.037 (0.008) <0.001 ~0.031 (0.004) <0.001 ~0.034 (0.005) <0.001 ~0.028 (0.004) <0.001
Hostility* (demographic feature) 0.011 (0.009) 0.22 ~0.002 (0.001) 0.008 0.016 (0.008) 0.035 0.000 (0.001) 0.926

All models are adjusted for time, age, age x time, gender, gender x time, education, education x time, education-squared, hostility x time, race, race x
time, age x gender, age x education, education x race, CES-D, and chronic health conditions.
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