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Psychosocial Distress and Stroke Risk in Older Adults
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Todd Beck, MS; Hongfei Guo, PhD; Scott Lunos, MS; Ann Brearley, PhD;
Carlos F. Mendes de Leon, PhD; Denis A. Evans, MD; Susan A. Everson-Rose, PhD, MPH

Background and Purpose—To investigate the association of psychosocial distress with risk of stroke mortality and incident

stroke in older adults.

Methods—Data were from the Chicago Health and Aging Project, a longitudinal population-based study conducted in
3 contiguous neighborhoods on the south side of Chicago, IL. Participants were community-dwelling black and non-
Hispanic white adults, aged 65 years and older (n=4120 for stroke mortality; n=2649 for incident stroke). Psychosocial
distress was an analytically derived composite measure of depressive symptoms, perceived stress, neuroticism, and life
dissatisfaction. Cox proportional hazards models examined the association of distress with stroke mortality and incident

stroke over 6 years of follow-up.

Results—Stroke deaths (151) and 452 incident strokes were identified. Adjusting for age, race, and sex, the hazard ratio
(HR) for each 1-SD increase in distress was 1.47 (95% confidence interval [CI]=1.28-1.70) for stroke mortality and
1.18 (95% CI=1.07-1.30) for incident stroke. Associations were reduced after adjustment for stroke risk factors and
remained significant for stroke mortality (HR=1.29; 95% CI=1.10-1.52) but not for incident stroke (HR=1.09; 95%
CI=0.98-1.21). Secondary analyses of stroke subtypes showed that distress was strongly related to incident hemorrhagic
strokes (HR=1.70; 95% CI=1.28-2.25) but not ischemic strokes (HR=1.02; 95% CI=0.91-1.15) in fully adjusted models.

Conclusions—Increasing levels of psychosocial distress are related to excess risk of both fatal and nonfatal stroke in older
black and white adults. Additional research is needed to examine pathways linking psychosocial distress to cerebrovascular

disease risk.  (Stroke. 2013;44:000-000.)
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troke is a leading cause of death and disability in the

United States.! Diabetes mellitus, obesity,~high blood
pressure, cigarette smoking, and physical inactivity are widely
recognized risk factors for stroke but they cannot account
fully for the excess stroke risk observed in the population.
Thus, research is needed to identify additional modifiable
risk factors that may contribute to stroke risk. The literature
on cardiovascular disease has clearly documented important
associations between depression and cardiovascular out-
comes, including stroke. Two recent meta-analyses concluded
that depressive symptoms significantly increased stroke risk,
particularly in women, but with most evidence from studies
limited to whites.>® Recent research suggests, however, that
cardiovascular risk may not be limited to specific negative
mood states such as depression, but extends to psychosocial
distress, a broader concept defined as the tendency to experi-
ence stress, negative events, and more generally a negative out-
look on life.** Less is known about the effect of psychosocial

distress on risk for stroke morbidity and mortality, although
available evidence is suggestive. Recent findings from the
INTERSTROKE study, an international multicenter case—
control study in 22 countries, indicate that both depression
and psychosocial stress, defined in that study as experienc-
ing at least several periods of general stress at work or home
in the past year, may be significant risk factors for stroke.’
Little information was provided on the measure of psycho-
social stress in INTERSTROKE and a single item was used
to assess depression. These 2 measures may be tapping into
the same larger construct of distress and their relationship to
stroke risk may be better assessed as such. Given that psycho-
social distress may be modifiable, more research is needed to
understand how it contributes to stroke risk.

This study uses data from the Chicago Health and Aging
Project (CHAP) to investigate the risk of stroke mortality
and incident stroke in relation to psychosocial distress in a
population-based cohort of older black and white adults.
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We hypothesized that the effects of distress on stroke risk
would be independent of demographic characteristics, stroke
risk factors, and chronic conditions. Because stroke risk is
known to vary by race, sex, and age, we further examined
whether the relation of distress to stroke risk varied by these
demographic characteristics.

Methods

Study Design and Population
CHAP is an ongoing, longitudinal study investigating Alzheimer
disease and other chronic illnesses of the elderly. Sampling for
CHAP took place in 3 adjacent neighborhoods within the south side
of Chicago, IL, whose residents are predominantly black and non-
Hispanic white adults from a broad range of socioeconomic back-
grounds.® Eligibility for participation in CHAP was based solely on
age. All residents of the 3 targeted neighborhoods aged 65 years or
older were invited to participate; 6158 participants (78.7% of eligi-
ble) completed baseline interviews between 1993 and 1996.
Baseline interviews were conducted in participants’ homes and
included questions on medical history, cognitive health, socioeco-
nomic status, behavioral patterns, and psychosocial characteristics.
Successive interviews were repeated in 3-year cycles after the base-
line interview. The 2nd cycle (1997-1999) of interviews assessed
the broadest range of psychosocial characteristics, and serves as
the baseline for this analysis. A total of 4319 participants (87% of
surviving cohort) completed cycle 2; of these, 4120 had nonmissing
data on the psychosocial factors, demographic characteristics, and
known vital status and thus were eligible for the current analyses.
The Institutional Review Boards of Rush University Medical School
and the University of Minnesota approved the study. All participants
provided written informed consent.

Outcome Measures
Stroke Mortality

Information on vital status was obtained at each follow-up inter-
view; reported deaths through 12/31/2007 were verified by linkages
with the National Death Index. Primary, known causes of death
were available for all National Death Index-verified deaths. Stroke
deaths were defined by the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9) codes 430 to 438 for
deaths before 1999, and Tenth Revision (ICD-10) codes 160-169
beyond 1999. Stroke accounted for =9% of deaths with known
causes; 151 stroke deaths were identified over 6.7 (SD=3.5) years
of follow-up.

Incident Stroke

Information on stroke hospitalizations within the CHAP cohort was
ascertained via linkages with Medicare claims data from the Center
for Medicare and Medicaid Services. Center for Medicare and
Medicaid Services claims data were available through 12/31/2007;
88.2% of the CHAP cohort had matching claims data. Analyses of
incident stroke excluded those who self-reported a history of stroke
any time before the 2nd cycle of CHAP data collection (ie, baseline
for the analyses). Participants also were excluded from analysis for
incident stroke any time during follow-up when they were actively in-
volved in a health maintenance organization because they would not
simultaneously be enrolled in Medicare during those periods. Thus,
for these analyses, the sample was reduced to 2649 participants.
For the participants with claims data, strokes were defined by ICD-
9 codes 430 to 438 because the Center for Medicare and Medicaid
Services continues to use ICD-9 coding. Ischemic strokes were iden-
tified by ICD-9 codes 433.01, 433.1, 433.2, 433.21, 433.3, 433.31,
433.81, 434.01, 434.1, 434.11, 434.91, 435.2, 435.3, 435.8, 435.9,
436.0, 437.1, 437.7, 437.9, and 438.0. Hemorrhagic strokes were
identified by ICD-9 codes 430, 431, 432.1, and 432.9. A total of 452
persons had at least 1 hospitalization for an incident stroke event (408
ischemic and 44 hemorrhagic) during follow-up; average follow-up
time in these analyses was 6.0 (SD=3.4) years.

Measurement of Psychosocial Distress

Distress was measured by 4 psychosocial indicators at the 2nd cycle of
CHAP data collection: depressive symptoms, perceived stress, neuroti-
cism, and life satisfaction (reverse-coded). Previous analyses in CHAP
showed that these 4 indicators loaded together on a single factor as a
latent psychosocial construct that was theoretically and empirically
justified and reliable across race and sex groups.” Depressive symp-
toms were measured by the 10-item Center of Epidemiologic Studies-
Depression scale, specifically developed for older populations;'* higher
scores (range, 0-10) indicate more depressive symptoms (Cronbach
alpha=0.76). Perceived stress was assessed by an abbreviated 6-item
Perceived Stress Scale;''? higher scores indicate a higher level of
perceived stress (Cronbach alpha=0.82). Life satisfaction was mea-
sured by the 5-item Life Satisfaction Scale,'® reverse-coded such that
higher scores (range, 0-15) reflected life dissatisfaction (Cronbach al-
pha=0.73). Neuroticism, a broad personality domain characterized by
anxious, angry, and vulnerable traits, was measured by 4 items from
the NEO Five-Factor Inventory.'* Consistent with previous work,' the
scale score was multiplied by 3 to achieve consistency with the full,
12-item neuroticism scale (range, 0—45); higher scores reflect greater
neuroticism. Shortening the scale resulted in a loss of internal consis-
tency (Cronbach alpha=0.54); however, previous work shows that the
abbreviated 4-item scale is significantly correlated with the full scale
and equally predicts poor health outcomes.!>!®

A distress factor score was created by averaging the standardized
values of the 4 psychosocial measures and dividing by its SD. A high-
er factor score was indicative of higher levels of distress.

Assessment of Covariates

Demographic characteristics obtained at the initial CHAP interview
included self-reported age, race (non-Hispanic black or white), sex,
and education (years of completed schooling). Stroke risk factors
included as covariates were measured. at.the 2nd cycle of data
collection. Body mass index was-calculated as weight (kilograms)
divided by height (meters) squared and modeled categorically
based on clinically established body mass index categories."”
Systolic blood pressure (mm Hg) was measured as the average of
2 consecutive mercury sphygmomanometer readings, taken in the
seated position.'® Self-reported cigarette smoking was reported as
never, former (ever), and current. Physical activity was measured by
the sum of 9 dichotomous response items inquiring about activities
(eg, walking, gardening, dancing) over the last 2 weeks."” History
of chronic health conditions was based on affirmative responses to
inquiries about 4 physician-diagnosed conditions: cardiovascular
diseases, hip fracture, diabetes mellitus, and cancer;*® each chronic
condition was modeled separately as a dichotomous variable. History
of stroke was indicated separately as a dichotomous variable based
on self-reported, physician-diagnosed stroke. Chronic conditions and
history of stroke took into account participants’ reports from both
the first and second cycles of data collection in CHAP. Self-reported
current usage of antihypertensives, lipid-lowering medications, and
antidepressants, confirmed by medication review, were modeled as 3
separate dichotomous variables.

Statistical Analysis

Descriptive statistics were calculated for baseline sociodemographic
characteristics, distress, and health-related variables for all partici-
pants and by categorical distress scores. Cox proportional hazard
models examined the association between distress at baseline and
subsequent stroke mortality and incident stroke. Subsequent analyses
examined incident ischemic and incident hemorrhagic strokes sepa-
rately. The unit of time in all Cox models was 1 year; proportional
hazards assumptions were checked analytically and graphically and
all assumptions were met. Analyses for all outcomes were conducted
in a similar manner, as follows. The initial model included adjust-
ments for age, race, and sex. We also tested for age by distress, race
by distress, and sex by distress interactions in a minimally adjusted
model. The second model added covariates adjusting for education,
body mass index, systolic blood pressure, smoking status, physical
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activity, chronic conditions, and medication usage. Adjusted analy-
ses for stroke mortality also included history of stroke. Because of
missing data on some covariates, sample sizes for risk factor-adjusted
models were 3916 for stroke mortality (142 events) and 2539 for in-
cident stroke (426 events). Distress was modeled continuously and
categorically (based on quartiles) in separate analyses. SAS software
version 9.2 was used for all analyses.

Results

Population Characteristics

Baseline characteristics are shown in Table for all participants
and by distress quartiles. The 4120 eligible participants were
predominantly black and female, average age was 77 years old,
most had a high school education, and an average of 1 chronic
condition; 13.1% reported a history of stroke. Nearly all char-
acteristics varied by distress level; those in the most distressed
group (Q4) were older, more likely to be female and black, less
educated, less physically active, and reported a higher prevalence
of most chronic health conditions and use of antidepressants.

Distress and Stroke Mortality
Adjusting for age, race, and sex, each 1-SD higher distress
score was significantly related to a 47% greater risk of dying

Table. Participant Characteristics at Baseline, 1997 to 1999
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from stroke (hazard ratio [HR]=1.47; 95% CI=1.28-1.70;
P<0.0001). Further adjustments for education, stroke risk
factors, chronic conditions, medication usage, and history of
stroke reduced the HR but the association remained significant
(HR=1.29; 95% CI=1.10-1.52; P=0.0018). There were no
age, race, or sex interactions with distress (all P>0.20; results
not shown).

With distress modeled categorically and adjusting for age,
race, and sex, participants in the highest quartile had nearly 3
times (HR=2.97; 95% CI=1.81-4.88; P<0.0001) and those in
the third quartile had nearly 2 times (HR=1.98; 95% CI=1.19—
3.30; P=0.0091) greater risk of dying from stroke relative to
those with the lowest distress scores. The second quartile was
not at increased risk (HR=1.24; 95% CI=0.71-2.15). Results
from the risk factor-adjusted model are shown in Figure. The
dose-response pattern of stroke mortality risk by level of dis-
tress is clearly evident; associations remained significant for
the top 2 quartiles of distress.

Distress and Incident Stroke

Each 1-SD higher distress score predicted 18% greater risk
of incident stroke during follow-up, adjusting for age, race,
and sex (HR=1.18; 95% CI=1.07-1.30; P=0.001). Further

Quartiles of Distress

All Participants (n=4120) Q1 (n=1032) Q2 (n=1028) Q3 (n=1031) Q4 (n=1029) P Value
Age, mean (SD), y 77.1(6.3) 75.7 (5.5) 76.7 (6.1) 77.5(6.4) 78.5(6.9) <0.0001
Women, n (%) 2545 (61.8) 573 (55.5) 614 (59.7) 648 (62.9) 710 (69.0) <0.0001
Black, n (%) 2531 (61.4) 587 (56.9) 566 (55.1) 642 (62.3) 736 (71.5) <0.0001
Education, mean (SD), y 12.0 (3.7) 13.0 (3.6) 12.6 (3.5) 11.7 (3.6) 10.9 (3.6) <0.0001
Systolic blood pressure, mm Hg, mean (SD) 135.0 (18.8) 136.3 (17.8) 135.0 (18.1) 134.9 (19.5) 133.6 (19.6) 0.019
BMI, kg/m?, mean (SD) 26.7 (5.7) 27.1.(5.0) 26.9.(5.5) 26.7 (6.1) 26.3(6.2) <0.0001
BMI<18.5, n (%) 179 (4.4) 24 (2.4) 33(3.2) 53 (5.2) 69 (7.0) <0.0001
18.5<BMI<25 1518 (37.5) 339 (33.0) 378 (37.1) 402 (39.5) 399 (40.3)
25<BMI<30 1381 (34.1) 421 (41.2) 362 (35.6) 318(31.2) 280 (28.3)
BMI>30 971 (24.0) 239 (23.4) 245 (24.1) 245 (24.1) 242 (24.4)
Smoking status, n (%) 0.043
Never smoker 1902 (46.2) 502 (48.7) 475 (46.2) 445 (43.2) 480 (46.7)
Ever smoker 1719 (41.8) 420 (40.7) 439 (42.7) 433 (42.0) 427 (41.6)
Current smoker 495 (12.0) 109 (10.6) 114( 1.1) 152 (14.8) 120( 1.7)
Physical activity sum, mean (SD) .9 (4.8) 4.1(5.4) 4(5.3) .5(4.6) 4(1.7) <0.0001
Use of antihypertensives, n (%) 2564 (62.2) 587 (56.9) 636 (61.9) 678 (65.8) 663 (64.4) 0.0002
Use of lipid-lowering medication, n (%) 443 (10.8) 134 (13.0) 122 (11.9) 104 (10.1) 83(8.1) 0.002
Use of antidepressants, n (%) 152 (3.7) 2(1.2) 31(3.0) 38 (3.7) 71 (6.9) <0.0001
Chronic health conditions, mean (SD) .2(0.98) 0.97 (0.86) .2(0.93) .3(0.98) 4 (1.08) <0.0001
History of CVD, n (%) 675 (16.4) 122 (11.8) 143 (13.9) 184 (17.9) 226 (22.0) <0.0001
History of diabetes mellitus, n (%) 367 (8.9) 60 (5.8) 84 (8.2) 100 (9.7) 123 (11.9) <0.0001
History of cancer, n (%) 941 (22.8) 204 (19.8) 252 (24.5) 241 (23.4) 244 (23.7) 0.051
History of hip fracture, n (%) 178 (4.3) 24 (2.3 44 (4.3) 43 (4.2) 67 (6.5) <0.0001
History of stroke, n (%) 538 (13.1) 83(8.0) 117 (11.4) 128 (12.4) 210 (20.4) <0.0001

BMI indicates body mass index. The study sample size was 4120, but because of missing data, the n for covariates ranged from 3988 to 4120. Q1 to Q4 indicate
quartiles of the distress measure based on 4 approximate divisions of the overall distress factor score. Number of chronic health conditions is the count of a partici-
pant’s history of cardiovascular diseases, hip fracture, diabetes mellitus, and cancer. Demographic statistics were similar for the sample populations included in the
stroke mortality (n=4120) and incident stroke (n=2649) analyses. P values are from 2 tests or analysis of variance, as appropriate.


http://stroke.ahajournals.org/

170z ‘2T Ae N uo 1enb Aqg /Bio'sfeulno feye sxo.s//:dny wouy papeojumod

4 Stroke January 2013

3.5 1

2.5 1

Hazard Ratio
~o

1.5 1

0.5 1

Figure. Hazard ratios and 95% confidence inter-
vals (Cls) for stroke mortality by categories of
distress. Q1 to Q4 indicate quartiles of the distress
measure from low to high based on 4 approxi-
mate divisions of the overall distress factor score
(n=3916, with 142 stroke deaths). Error bars indi-
cate 95% Cls. The data in the graph are based on
the risk factor-adjusted model, controlling for age,
race, sex, education, systolic blood pressure, body
mass index, physical activities, smoking status,
chronic health conditions, medication usage, and
history of stroke.

Q1(referent) Q2 Q3
Distress Quartiles

adjustment for education, stroke risk factors, chronic condi-
tions, and medication usage attenuated these results (HR=1.09;
95% CI=0.98-1.21; P=0.109). There were no interactions
between distress and age, race, or sex (all P>0.12; data not
shown).

With distress modeled categorically, a dose-response pat-
tern of risk for incident stroke was observed. Relative to the
least distressed quartile, the HRs for the second, third, and
fourth quartiles were 1.27 (95% CI=0.98-1.65; P=0.067),
1.44 (95% CI=1.10-1.87; P=0.0068), and 1.54 (95%
CI=1.16-2.04; P=0.0025), respectively, in a model adjusted
for age, race, and sex. Associations were reduced after add-
ing adjustments for stroke risk factors (Q2: HR=1.21; 95%
CI=0.93-1.58; P=0.165; Q3: HR=1.22; 95% CI=0.92 to 1.61;
P=0.16; Q4: HR=1.31; 95% CI=0.97 to 1.76; P=0.08).

We further evaluated type of stroke in relation to distress,
categorizing strokes into ischemic and hemorrhagic strokes as
described. Distress was related to incident ischemic stroke in
the minimally adjusted model (HR=1.12; 95% CI=1.01-1.24;
P=0.031) but this relation was attenuated in the risk factor-
adjusted model (HR=1.02; 95% CI=0.91-1.15; P=0.69). In
contrast, a robust association of distress with hemorrhagic
stroke was observed; each 1-SD increase in distress was asso-
ciated with a 72% (HR=1.72; 95% CI=1.32-2.24; P<0.0001)
increased risk of hemorrhagic stroke adjusting for age, sex,
and race, which was little changed after risk factor adjustment
(HR=1.70; 95% CI=1.28-2.25; P=0.0003).

Individual Psychosocial Measures and Stroke
Outcomes

Finally, we examined the 4 individual psychosocial measures
used to create the distress factor score in relation to stroke
mortality and incident stroke. Each measure was modeled as a
z score in separate analyses and covariates were the same as in
our main analyses. For stroke mortality, HR were 1.34, 1.29,
1.36, and 1.47 for each 1-SD increase in depressive symptoms,
neuroticism, life satisfaction (reverse-coded), and perceived
stress, respectively (all P<0.001), adjusted for age, race, and
sex; with risk factor adjustments, the HR ranged from 1.19 to

Q4

1.27 (all P<0.05). For incident stroke, the HR ranged from
1.11 to 1.13 (all P<0.04) in the minimally adjusted models
and 1.05 to 1.08 and nonsignificant with risk factor adjust-
ment. For incident hemorrhagic stroke, however, the adjusted
associations were robust; HR were 1.63 (P=0.0003), 1.30
(P<0.10), 1.52 (P<0.01), and 1.74 (P<0.001) for depressive
symptoms, neuroticism, life satisfaction, and perceived stress,
respectively.

Discussion

This study identified a robust relationship between
psychosocial distress-and increased risk of stroke mortality and
incident stroke in-over 6 years of follow-up in a population-
based cohort of older black and white adults. Moreover, a
clear dose-response pattern of associations was evident,
with the most distressed participants (top quartile of the
distribution) experiencing more than a 2-fold increased risk of
stroke mortality and a 31% increased risk of incident stroke,
compared with their least distressed peers, after adjusting
for potential confounders and stroke risk factors. Analyses
of stroke subtypes revealed that distress was significantly
related to incident hemorrhagic strokes, but not to ischemic
strokes after adjustment for covariates. Our findings clearly
document important adverse effects of psychosocial distress
on cerebrovascular disease risk in the elderly.

Results from the present study are largely consistent with 3
other studies of stroke outcomes that had included measures
labeled as psychological distress although the measures used
in those studies mostly captured depressive symptoms. One
study reported that high scores (=5) on the 30-item General
Health Questionnaire were associated with fatal but not non-
fatal ischemic stroke or transient ischemic attacks in middle-
aged men in South Wales.?! The General Health Questionnaire
was described as a measure of psychological distress and high
scorers were considered to possibly have a minor psychiatric
disorder though the General Health Questionnaire was dis-
cussed largely as a measure of depressive symptoms. A more
recent study used a 12-item version of the General Health
Questionnaire and reported that high scorers had elevated risk
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of death from cerebrovascular disease and ischemic heart dis-
ease over 8 years of follow-up among more than 68 000 British
adults; incident stroke was not reported.”> Another large pro-
spective cohort study of initially stroke-free middle-aged and
older adults examined whether the association of mood status
with stroke risk was related to symptoms of depression, mea-
sured by the 5-item Mental Health Inventory and labeled as
distress, or to major depressive disorder and showed that only
the symptom measure predicted increased stroke risk.? Our
study found that a composite measure of distress, assessed by
4 indicators of psychosocial functioning, contributes to excess
stroke risk. Each of the individual psychosocial measures
related to our outcomes as well, at approximately similar lev-
els of risk. This study extends the previous work by including
aracially diverse cohort of older men and women.

The pathways by which distress may increase stroke risk
are not fully understood. Interestingly, our analyses of inci-
dent stroke events show that the critical biological pathways
may not be ischemic in origin. Several plausible pathways
were not considered because of lack of data in the present
study, but could help explain our observations. For example,
chronic stress and negative emotional states have known neu-
roendocrine and inflammatory effects that could affect stroke
risk.* An extensive literature documents stress-induced dys-
regulation in various physiological systems, variously termed
allostatic load or cumulative biological risk that could con-
tribute to accelerated aging.”?*?* Recent literature suggests
that hypothalamic-pituitary-adrenal dysregulation related to
stress and depression may cause an increase in circulating cat-
echolamines, endothelial dysfunction, and-platelet activation,
culminating in a hypercoaguable state and thereby increasing
stroke risk.?>?® These pathways likely are more important for
ischemic than hemorrhagic stroke, however, and we observed
much stronger findings for hemorrhagic stroke, so additional
pathways need to be considered. It is possible that the bur-
den of biological risk that occurs with chronic exposure to
stress and distress leads to alterations in physiological regula-
tion across multiple systems, which together could lead to the
accumulation or exacerbation of cerebrovascular pathology
and excess stroke risk of any subtype. Although no studies to
date have tested this hypothesis, future analyses evaluating the
relationship between multiple clinical neuroimaging markers
of cerebrovascular disease (eg, infarct size, number, and loca-
tion) to distress and incident stroke would be useful.

Psychological and behavioral factors also may be impor-
tant. Persons who experience a high level of distress may be
less likely or less able to adhere to treatment recommenda-
tions, for example, compliance with medications or main-
taining a healthy lifestyle. Our most distressed participants
were less physically active, and had a higher prevalence of
cardiovascular disease and diabetes mellitus, suggesting
potentially greater disease burden in this group, which could
make lifestyle management more challenging. Nonetheless,
controlling for these factors had little effect on the relation
between distress and either stroke mortality or hemorrhagic
strokes.

The present study has notable strengths and weak-
nesses. We included a sizable population-based sample of
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older blacks and non-Hispanic whites from a large, urban
Midwestern city, making our findings generalizable to other
similar populations. However, findings may not hold in other
minority or age groups. Moreover, because of differences
in health outcomes across regions within the United States,
our findings may not equally translate to other geographic
regions. In particular, differences may occur in high-risk
regions such as the southeastern region often regarded as the
Stroke Belt. CHAP includes extensive data on sociodemo-
graphic characteristics and stroke risk factors, enabling us to
conduct analyses with important multivariable adjustments.
Yet, we lacked data on important inflammatory and neuroen-
docrine biomarkers, therefore limiting our ability to test addi-
tional important pathways that may link psychosocial distress
to stroke risk. CHAP does not have concurrent imaging data
on participants, which could provide important information
and clinical details about the types of strokes experienced
and potentially further our understanding of the observed
relationships. This study does not have clinically adjudicated
outcome data, although such data are rare in most large-scale
epidemiological studies such as CHAP. Utilizing the Center
for Medicare and Medicaid Services Medicare Claims data to
ascertain incident stroke events (hospitalizations) in a study
of persons 65 years and older has a distinct advantage, how-
ever, because there is little to no bias in outcome data attribut-
able to differential healthcare aceess, which can be a problem
in younger populations. Finally, with psychosocial assess-
ments at just one pointin time, we are unable to determine
whether changes in distress levels occurred or if such changes
influence stroke risk.

In sum, this study provides important evidence linking
psychosocial—distress. to risk of both fatal and nonfatal
stroke outcomes in-elderly blacks and whites. The biological
mechanisms underlying these associations remain to be
determined, although our data suggest that pathways
related to nonischemic disease mechanisms may be critical.
Better understanding of the psychosocial risk pathways for
cerebrovascular disease may lead to future interventions that
could reduce the risk of stroke in the elderly.
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