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Abstract

Background

The purpose of this study was to identify correlates of perceived stress among older African
Americans.

Methods and findings

Guided by the National Institute on Aging’s (NIA) Health Disparities Research Framework,
we grouped correlates into four levels—environmental, sociocultural, behavioral, and biologi-
cal, and performed a cross-sectional analysis using ordinal logistic regression models. Par-
ticipants included 722 African Americans [mean age = 73.61 years (SD = 6.33)] from the
Minority Aging Research Study (MARS). Several protective correlates from environmental
(e.g., larger life space), sociocultural (e.g., larger social network size), behavioral (e.g.,
more purpose in life), and biological (e.g., higher global cognition) levels were associated
with a lower odds of having higher levels of perceived stress.

Conclusions

Perceived stress was associated with established and novel correlates from every level.
Future research is needed to examine how changes in these correlates may impact per-
ceived stress in older African Americans.

Introduction

Older adults (age 65 years and older) will comprise more than 20% of the United States popu-
lation by 2050, an increase from nearly 14% in 2012 [1]. This population will also become
increasingly diverse as nearly 40% of all older adults will belong to racial and ethnic minori-
tized groups by 2050, up from barely 20% in 2012 [1]. Hence, a larger and more diverse group
of Americans may face unique challenges presented by aging such as changes to income and
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financial burden [2], decisions regarding housing and living arrangements [3], and changes in
social networks and social activities [4]. Older adults who are racial minorities [5] may be at
higher risk of experiencing these challenges as they are more likely to occupy multiple minori-
tized statuses, such as being African American, having advanced age, and lower income; and
to encounter negative experiences such as discrimination associated with these statuses [6].
These age- and race-related challenges can induce feelings or perceptions of stress.

Perceived stress denotes a person’s subjective appraisal of stress in his or her life and
whether s/he has the resources (e.g., monetary or positive lifestyle behaviors such as physical
activity) to cope with the stress [7, 8]. It is plausible that differential levels of perceived stress
may impact or mitigate the health outcomes of older adults [9]. As such, previous studies have
largely focused on perceived stress as a predictor of various health outcomes, with few studies
examining potential antecedents of perceived stress [10, 11]. Given the association of perceived
stress with adverse health outcomes, it is important to reduce a person’s exposure to negative
factors that can impact their perceptions of stress. Hence, we must identify antecedents of per-
ceived stress as intervention targets for mitigating, addressing, and coping with higher levels of
perceived stress among older adults, especially those belonging to racial and ethnic minoritized
groups. Overall, loneliness, financial strain, neighborhood stress (e.g., feeling less safe), age dis-
crimination, and younger age are associated with higher levels of perceived stress among either
predominately White adults or men across the life span [12, 13]. Although perceived stress is
undoubtedly pervasive for all older adults, it is particularly critical to understand antecedents
of perceived stress among older African Americans—a group of people that tends to have well-
documented and objective stressful life experiences—and for whom little is known about this
topic [14, 15].

The purpose of the current study was to identify correlates of perceived stress among older
African Americans. The National Institute on Aging’s (NIA) Health Disparities Research
Framework provided an a priori conceptual structure to group the many factors available in
the current study [16]. We used this framework [16] to guide our study because it includes a
wide range of factors within different levels of analysis that have been found to be important
across the life course through decades of health disparities research among demographically
diverse aging populations, including older African Americans. The NIA Health Disparities
Research Framework is meant to guide future research on health disparities in aging and con-
siders four interrelated levels of analysis: 1) environmental-representing domains associated
with a person’s physical and social settings that pertain to geography (e.g., neighborhood),
political contexts, socioeconomic conditions, and health care; 2) sociocultural-representing
domains associated with group-based cultural, social, and related psychological phenomena;
3) behavioral-representing domains associated with individual behaviors and psychological
processes; and 4) biological-representing domains associated with physiological, genetic, and
cellular processes [16]. The framework also highlights fundamental factors (e.g., race, ethnicity,
socioeconomic status, disability status, and sex and gender identities) that determine priority
populations for health disparities research and that should be considered for all levels of analy-
sis [16]. According to the NIA Health Disparities Research Framework, older African Ameri-
cans represent a priority population or one at risk for health disparities in aging.

The current study did not aim to test the validity of the NIA Health Disparities Research
Framework; rather, we used the framework as an organizing structure to determine whether
correlates at each level were more or less important in understanding perceptions of stress
among older African Americans. See Table 1. As such, we hypothesized that more positive-ori-
ented or protective correlates within each level of analysis—environmental (i.e., more years of
education, higher income, larger life space, and greater neighborhood safety), sociocultural
(i.e., larger social network size and higher frequency of prayer), behavioral (i.e., more purpose
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Table 1. Potential correlates of perceived stress among older African Americans by level of analysis*.

Correlates Environmental

« Years of Education

» Income

« Life Space

« Neighborhood Safety

« Neighborhood Tension
« Neighborhood Violence

Levels of Analysis
Sociocultural Behavioral Biological
« Financial Burden « Depressive Symptoms « Vascular Risk Factors
« Marital Status « Neuroticism « Vascular Disease Burden
« Social Network Size « John Henryism « Body Mass Index
« Social Isolation « Purpose in Life « Global Cognition
« Religion/ Frequency of Prayer « Perceived Discrimination « Memory Complaints

« Late Life Cognitive Activity
« Late Life Social Activity

« Physical Activity

o Sleep Quality

Fundamental Factors

Gender and Age

*Adapted from the National Institute on Aging’s Health Disparities Research Framework [16].

https://doi.org/10.1371/journal.pone.0260749.t001

in life; more late life cognitive, social, and physical activities; and better sleep quality), and bio-
logical (i.e., higher cognition)—would be associated with lower levels of perceived stress
among older African Americans. Conversely, we hypothesized that correlates deemed more
negative or risk factors within each level of analysis—environmental (i.e., more neighborhood
tension and violence), sociocultural (i.e., more financial burden and more social isolation),
behavioral (i.e., more depressive symptoms, higher neuroticism, higher John Henryism, and
higher levels of self-reported discrimination), and biological (i.e., more vascular risk factors
and vascular disease burden, and more memory complaints)—would be associated with higher
levels of perceived stress. Finally, we also included marital status and body mass index (BMI)
as potential correlates of perceived stress in older African Americans and included them in the
sociocultural and biological levels, respectively. We hypothesized that being married would be
associated with lower levels of perceived stress while having a higher BMI would be associated
with higher levels of perceived stress. See Fig 1.

Materials and methods
Participants

All participants belong to the Minority Aging Research Study (MARS), an ongoing epidemio-
logic cohort study of risk factors for cognitive decline and dementia in older African Ameri-
cans, who begin the study without dementia at baseline. Study recruitment for MARS began in
August 2004 and enrollment is ongoing. Prior to recruitment for MARS, study staff engaged
in extensive community outreach efforts, such as conducting health fairs and providing pre-
sentations on aging-related topics, to foster trust and build aging-related knowledge in African
American communities. MARS study staff then moved forward with recruitment efforts by
hosting study-related presentations and providing study-specific materials and information to
older African Americans in the community to gain interest in study participation. These
recruitment activities took place in a variety of community-based settings within and sur-
rounding the greater Chicago metropolitan area, including churches, subsidized senior hous-
ing facilities, social clubs and other organizations centering African Americans, as well as
social service centers that cater to demographically diverse seniors. Recruitment and retention
efforts remain ongoing. Data collection of enrolled participants takes place in individuals’
homes.
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Level 2: Sociocultural Level 3: Behavioral
i . (=) Depressive Symptoms
(') Financial Burden (-) Neuroticism
(-) John Henryism
(+) Social Network Size (#) Purpose In Life
(=) Perceived Discrimination
(-) Social Isolation (+) Late Life Cognitive Activity
(+) Late Life Social Activity
(+) Religion/Prayer (+) Physical Activity

(+) Sleep Quality

Level 1: Environmental - — Level 4: Biological
E+; LearofBducation (-) Vascular Risk Factors
+) Income
(+) Life Space (-) Vascular Disease Burden
(+) Neighborhood Safety L J (-) Body Mass Index
() Neighborhood Tension Perceived Stress N
(+) Global Cognition

(-) Neighborhood Violence
(-) Memory Complaints

Fig 1. Hypothesized relationships between correlates” within each level and perceived stress. *(+) Indicates a positive correlate that we
hypothesize as associated with lower levels of perceived stress. *(-) Indicates a negative correlate that we hypothesize as associated with
higher levels of perceived stress.

https://doi.org/10.1371/journal.pone.0260749.g001

Eligibility for MARS participation requires self-identification as African American/Black, at
least 65 years of age or older, and no known dementia diagnosis. MARS was not designed to
be a representative sample of older African Americans, but rather a convenience sample.
MARS participants agree to structured, annual clinical evaluations that include a review of
medical history, a comprehensive neuropsychological test battery, and assessment of a wide
range of environmental, sociocultural, behavioral, and biological risk factors [17]. A clinician
classifies persons regarding dementia using the criteria of the Joint Working Group of The
National Institute of Neurological and Communicative Disorders and Stroke and the Alzhei-
mer’s Disease and Related Disorders Association [18]. Only data from the baseline assessment
were used for the current study.

Eligibility criteria for the current analysis included: 1) self-identification as non-Latino, 2) a
non-missing score for perceived stress, and 3) no known dementia diagnosis. Of 752 MARS
participants, we excluded 30 people who: 1) identified as Latino (n = 3), 2) had missing values
for the measure of perceived stress (n = 1), 3) had not yet completed the clinical evaluation to
assess dementia status (n = 7), or 4) met criteria for dementia (n = 19). Thus, the total number
eligible for the current analysis was 722 participants. See Table 2 for additional participant
descriptive characteristics. MARS was approved by an Institutional Review Board at Rush Uni-
versity Medical Center. All participants provided written informed consent.

Outcome: Perceived stress

Perceived stress was measured using the four-item Perceived Stress Scale [7, 19, 20]. The PSS
assesses a person’s subjective evaluation of his or her life as unpredictable, uncontrollable, and
overloaded during the past month. The original PSS consisted of 14 items [7] with a modified
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Table 2. Participant characteristics for all correlates by level.

Correlate

All Participants (N = 722)

Range of Scores

‘ Mean (Standard Deviation) or N (%) [Median (Interquartile Range)T]

Outcome: Perceived Stress

Perceived Stress Scale—Quartile Score ™

3.00 (2.00)

Fundamental Factors

Gender, Men 168 (23%)
Age 60.2-97.6 73.6 (6.33)
Level 1: Environmental
Years of Education 0.00-30.00 14.84 (3.48)
Income $0 -$75,000+ $30,000
Life Space ' 6.00 (1.00)
Neighborhood-Safety ' 2.00 (1.00)
Neighborhood-Tension i 1.00 (0.00)
Neighborhood Violence-Assaulted i 1.00 (1.00)
Neighborhood Violence-Robbed i 1.00 (1.00)
Neighborhood Violence-Shot ¥ 1.00 (1.00)
Level 2: Sociocultural
Financial Burden 2.00-12.00 5.18 (1.66)
Marital Status, Never Married 30 (4%)
Marital Status, Married 232 (32%)

Marital Status, Widowed

268 (37%)

Marital Status, Divorced

163 (23%)

Marital Status, Separated 29 (4%)
Social Network Size 0.00-85.00 6.38 (5.96)
Social Isolation 1.00-5.00 2.08 (0.61)
Religion/Frequency of Prayer 1.00-6.00 2.10 (1.05)
Level 3: Behavioral
Depressive Symptoms ' 1.00 (2.00)
Neuroticism 0.00-43.00 13.88 (6.44)
John Henryism 4.00-27.00 16.88 (4.89)
Purpose in Life 2.00-5.00 3.86 (0.45)
Self-reported Discrimination 0.00-9.00 1.64 (1.98)
Late Life Cognitive Activity 1.00-4.71 2.93 (0.64)
Late Life Social Activity 1.00-4.50 2.70 (0.57)
Physical Activity 0.00-3.00 1.14 (0.93)
Sleep Quality 0.00-14.00 6.56 (3.05)
Level 4: Biological

Vascular Risk Factors 2.00 (1.00)
Vascular Disease Burden 0.00 (0.00)
Body Mass Index 15.98-60.91 30.29 (6.54)
Global Cognition -2.09-1.57 0.03 (0.56)
Memory Complaints 3.00-10.00 7.13 (1.31)

Note.

 Median and interquartile range are reported, instead of range of scores and mean (SD), for the following correlates: Perceived Stress Scale—quartile score, life space,

safety, tension, violence-assaulted, violence-robbed, violence-shot, depressive symptoms, vascular risk factors, and vascular disease burden.

https://doi.org/10.1371/journal.pone.0260749.t1002
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version consisting of 10 items [19]. The 4-item PSS [19] was developed for research situations
requiring brevity in data collection [21] and represents a subset of questions from the 10-item
PSS [20]. Participants rated items (e.g., “In the last month, how often have you felt confident
in your ability to handle your personal problems?”) along a 5-point Likert scale ranging from 0
(never) to 4 (very often). Two items were reverse-coded, and all scale items were summed to
create a total score for each participant. Higher scores indicated higher levels of perceived
stress during the past month. Reliability of the 4-item PSS was assessed using an ordinal alpha
given the small number of items and the presence of skewness [22]. The ordinal alpha for the
4-item PSS in the current study sample was 0.71, which is considered satisfactory in behavioral
research.

Potential corelates of perceived stress were grouped into four levels according to the NIA’s
Health Disparities Research Framework [16]. See Table 2 for a modified version of the frame-
work and below for a description of each correlate by level.

Level 1: Environmental

All participants reported their years of education and income. Income was measured using the
Show-Card Method from the Established Populations for Epidemiologic Studies of the Elderly
with participants asked to select 1 of 10 levels of total family income [23]. Life space referred to
a person’s spatial movement throughout his/her environment and was measured using a mod-
ified Life Space Questionnaire [24]. Participants responded “yes” or “no” to six items related to
movement in six specific spatial zones (e.g., outside of the bedroom but inside the home is one
zone) in the past week. Item responses were summed with higher scores indicating a less con-
stricted or larger life space.

We asked seven questions regarding neighborhood factors. Two questions assessed how
safe participants felt in their neighborhood and house using a 5-point Likert scale (1 = very
safe to 5 = not safe at all). The two items were: “How safe from crime would you say your
neighborhood is?” and “Thinking about the building (house) you live in, how safe from crime
would you say it is?” Item responses were reverse-coded and averaged with higher scores indi-
cating more safety. The ordinal alpha for the safety items in the current study sample was 0.72.
Two questions assessed neighborhood tension using a 3-point Likert scale (1 = big problem to
3 = not a problem). The two items asked participants to rate tension between people of differ-
ent racial groups and sexual assault as potential problems in their neighborhoods. Item
responses were reverse-coded and averaged with higher scores indicating more tension. The
ordinal alpha for the tension items in the current study sample was 0.69. Three questions mea-
sured violence (e.g., being assaulted) as a problem in the neighborhood using a 3-point Likert
scale (1 = big problem to 3 = not a problem). The three items included: “In the last 12 months,
in your neighborhood, have you heard of or do you know about a house which was robbed?”
“In the last 12 months, have you heard of or know about a person who was beat up or
assaulted?” and “In the last 12 months, have you heard of or know about a person who was
shot or killed?” Item responses were reverse-coded and averaged with higher scores indicating
more violence.

Level 2: Sociocultural

Financial burden was measured with four items assessing financial solvency. Three items (e.g.,
“How much difficulty do you have in meeting the monthly payments on your bills?”) assessed
not having enough money for necessities such as food along a 4-point Likert scale (1 = never
to 4 = very often). A fourth item assessed the amount of money remaining after covering
expenses at the end of the month (1 = money left over, 2 = just enough money left over, and
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3 = don’t have enough money to make ends meet). All items were summed with higher values
indicating more financial burden. The ordinal alpha for the financial burden measure in the
current study sample was 0.88.

We assessed relationship factors including marital status, social network size, and social iso-
lation. For marital status, participants reported their current marital status including never
married, married, widowed, divorced, or separated. Social network size was a count of the
number of children, family, and friends that a participant saw at least once a month [25]. Social
isolation referred to loneliness or feeling remote from others and was measured with the modi-
fied Loneliness Scale consisting of five items (e.g., “I experience a general sense of emptiness.”)
along a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree) [26]. All items were
averaged to create an overall score with higher scores indicating more social isolation. The
ordinal alpha for the modified Loneliness Scale in the current study sample was 0.88.

We operationalized religion by asking participants how often they prayed, with response
options ranging from 1 (many times a day) to 6 (never or almost never). Scores were reverse
coded with higher scores indicating a higher frequency of prayer.

Level 3: Behavioral

For a marker of affect, we measured depressive symptoms with a modified version of the Cen-
ter for Epidemiologic Studies—Depression (CES-D) scale [27]. Participants responded “yes”
or “no” to 10 items (e.g., “I felt sad.”). Items were summed for a total count with higher scores
indicating more depressive symptoms.

The ordinal alpha (using tetrachoric correlation since the response variables are dichoto-
mous) for the CES-D scale was 0.89.

For personality, we measured neuroticism, or the proneness to experience psychological
distress, using 12 items from the NEO Five Factor Inventory [28]. Items (e.g., “I often feel infe-
rior to others.”) were assessed on a 5-point Likert scale (0 = strongly disagree to 4 = strongly
agree) with individual items summed to create a total score. Higher scores indicated more neu-
roticism. We focused on neuroticism due to its documented relationship with stress [10]. The
ordinal alpha for the neuroticism measure in the current study sample was 0.82.

We used the John Henryism Scale of Active Coping, a scale specifically developed for Afri-
can Americans, that reflects a “strong personality predisposition” to cope actively with psycho-
social and environmental stressors by expending high levels of effort that may result in
negative physiological consequences such as hypertension [29]. We measured John Henryism
using nine items (e.g., “Hard work is the best way for a person to get ahead in life.”) along a
4-point Likert scale (0 = not true at all to 3 = completely true). Item responses were summed
with higher scores indicating higher levels of John Henryism. The ordinal alpha for the John
Henryism Scale of Active Coping in the current study sample was 0.83.

Purpose in life was assessed using a 10-item measure stemming from Ryff’s Scales of Psy-
chological Well-Being [30, 31]. Items measured participants’ ability to derive meaning from
life experiences and being goal-directed (e.g., “I enjoy making plans for the future and working
them to a reality.”) using a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).
Items were averaged for a total score with higher scores indicating more purpose in life. The
ordinal alpha for the purpose in life measure in the current study sample was 0.84.

Self-reported experiences of discrimination referred to a participant’s perception of being
treated unfairly in everyday situations [32]. Nine items (e.g., “You are treated with less courtesy
than other people.”) were framed in a general context without mention of race, age, or gender
and rated along a 4-point Likert scale (1 = often to 4 = never). Responses were recoded to a
binary format then summed across items to create a total score (range 0-9), with higher scores
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indicating more experiences of discrimination [33]. The ordinal alpha for the experiences of
discrimination scale in the current study sample was 0.88.

For late-life cognitive activity, participants self-reported their engagement in seven activities
(e.g. reading) during the past year using a 5-point Likert scale (1 = every day/almost every day
to 5 = once a year or less), as previously described [34, 35]. Scores were reverse-coded and
averaged with higher scores indicating more late-life cognitive activity. The ordinal alpha for
the late-life cognitive activity measure in the current study sample was 0.65.

Late-life social activity was measured with six items assessing the frequency of participation
in events such as visits with family and friends on a 5-point Likert scale (1 = once a year or less
to 5 = every day or almost every day) [36]. Items were averaged with higher scores signaling
higher levels of late-life social activity. The ordinal alpha for the late-life social activity scale in
the current study sample was 0.66.

For physical activity, participants reported if they engaged in three specific activities,
including walking for exercise, within the past two weeks. If so, participants reported the num-
ber of occasions for each activity.

The ordinal alpha (using tetrachoric correlation since the response variables are dichoto-
mous) for physical activity items was 0.49.

Sleep quality was measured using a modified Pittsburgh Sleep Quality Index (PSQI) [37] and
select items from the Berlin Questionnaire [38]. Participants answered 10 questions (e.g., “Dur-
ing the past month, how often did you have trouble falling asleep within 30 minutes?”) repre-
senting 6 sleep components (e.g., sleep duration) [39]. Higher scores indicated poorer sleep
quality. The ordinal alpha for the sleep quality measure in the current study sample was 0.63.

Level 4: Biological

Vascular risk factors were the sum of the presence of hypertension, diabetes mellitus, and
smoking. Vascular disease burden was the sum of previous or existing myocardial infarction,
congestive heart failure, claudication, and stroke. The ordinal alpha (using tetrachoric correla-
tion since the response variables are dichotomous) for vascular risk factors and vascular dis-
ease burden was 0.40 and 0.61, respectively. BMI was calculated using weight (kilograms)
divided by height (in meters squared).

As previously described, all participants are administered a battery of 21 performance-
based cognitive tests that measure a range of abilities [17]. Two tests, the Mini-Mental State
Examination (MMSE) and the Complex Ideational Material, were used for descriptive or diag-
nostic purposes only. The remaining 19 performance-based tests assessed 5 domains of cogni-
tive function (i.e., episodic memory, semantic memory, working memory, perceptual speed,
and visuospatial ability). To capitalize on all cognitive data, we used a composite measure of
global cognition in analyses, with raw scores on each of the 19 tests converted to z-scores and
averaged to yield the composite measure for each participant [35, 40].

We assessed memory complaints using 2 items (“How often do you have trouble remem-
bering things?” and “How does your memory compare to 10 years ago?”) scored along 5-point
Likert scales (1 = never to 5 = very often and 1 = much worse to 5 = much better, respectively).
Item responses were reverse-coded and summed to create a composite score with higher scores
indicating more memory complaints [41]. The ordinal alpha for memory complaints in the
current study sample was 0.61.

Fundamental factors

All participants reported their gender (i.e., male or female) and date of birth to assess age. Par-
ticipants also reported their ethnicity (e.g., Hispanic: yes or no).
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Analyses

We first examined the distribution of PSS total scores across all participants. PSS total scores
were skewed and inflated toward lower values. Due to the distribution of PSS scores in our cur-
rent study sample, we split PSS total scores into quartiles and transformed the PSS total scores
into PSS quartile scores and used the quartile scores in analyses. As described earlier, correlates
were grouped into four levels as set forth in the NIA’s Health Disparities Research Framework
[16]. For each of the four levels, we performed a separate ordinal logistic regression model
assuming proportional odds with PSS quartile scores as the outcome [42]. We used a stepwise
approach to select the final model of correlates within each level. The process retained gender
and age for all models. For all other correlates, we considered the statistical significance of
entering and retention in the model as 0.10 and 0.05, respectively. Finally, each final model
within each level was confirmed by repeating the process by using a backward, instead of step-
wise, approach [43]. The assumption of proportional odds was established using the score test
and was met for all final models (environmental level: p = 0.49, sociocultural level: p = 0.66,
behavioral level: p = 0.43, and biological level: p = 0.41).

The sample size of 722 participants provided adequate power to detect clinically relevant
odds of perceived stress. Calculations for the current study sample size indicated the detection
of an effect size of 1.46 and an efficiency probability of 0.93 for the ordinal four-level PSS quar-
tile scores. Power is a function of the distribution of the correlates being tested and was
enhanced by the statistical strategy [44, 45]. All analyses were conducted using SAS software,
version 9.3 of the SAS system for Linux.

Results
Participant characteristics

Participants (N = 722) were non-Latino African Americans and were 77% women, with a
mean age of 73.6 years [standard deviation (SD) = 6.33] and had 14.8 (SD = 3.48) mean years
of education. Participants had a median MMSE score of 28 (Interquartile Range = 27-29). See
Table 1 for additional participant descriptive characteristics. Data can be requested at https://
www.radc.rush.edu.

Statistical models by level

We first grouped correlates into four levels according to the NIA’s Health Disparities Research
Framework (i.e., environmental, sociocultural, behavioral, and biological). Then, we per-
formed a separate ordinal logistic regression model with a stepwise approach to select the final
model for each level. We confirmed each final model for each level by repeating the process
using backward elimination. All models adjusted for gender and age. See Table 3.

Level 1: Environmental. Correlates included in the environmental level were years of
education, income, life space, neighborhood safety, neighborhood tension, and neighborhood
violence. A range of correlations existed among environmental level factors (ry = <0.41), sup-
porting their inclusion within this level. Higher income, larger life space, and feeling more safe
in one’s neighborhood were protective factors against having greater levels of perceived stress.
For example, an increase in 1 point in life space was associated with 30% lower odds of having
higher perceived stress. In contrast, feeling more tension in one’s neighborhood was a risk fac-
tor for having greater levels of perceived stress. Neither years of education nor experiencing
violence in one’s neighborhood were associated with perceived stress.

Level 2: Sociocultural. Correlates included in the sociocultural level were financial bur-
den, marital status, social network size, social isolation, and religion/ frequency of prayer. A
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Table 3. Separate ordinal logistic regression models’ for correlates grouped into four levels; with main effects for each correlate while controlling for other corre-
lates within each level; perceived stress scale-quartile score is the outcome.

Correlate Odds Ratio 95% Confidence Interval Standard Error p-Value
Level 1: Environmental
Years of Education 1.03 0.99-1.08 0.02 0.17
Income 0.91 0.85-0.97 0.03 0.003
Life Space 0.70 0.59-0.83 0.09 < 0.001
Neighborhood-Safety 0.64 0.51-0.79 0.11 < 0.001
Neighborhood-Tension 1.93 1.20-3.10 0.24 0.006
Neighborhood Violence-Assaulted 1.09 0.82-1.43 0.14 0.55
Neighborhood Violence-Robbed 0.90 0.71-1.14 0.12 0.37
Neighborhood  Violence-Shot 0.83 0.64-1.08 0.13 0.16
Level 2: Sociocultural
Financial Burden 1.52 1.38-1.67 0.05 < 0.001
Marital Status 0.89 0.77-1.04 0.08 0.15
Social Network Size 0.96 0.93-0.99 0.01 0.005
Social Isolation 1.95 1.51-2.51 0.13 < 0.001
Religion/ Frequency of Prayer 1.05 0.91-1.20 0.07 0.51
Level 3: Behavioral
Depressive Symptoms 1.29 1.07-1.56 0.10 0.009
Neuroticism 1.05 1.00-1.11 0.03 0.06
John Henryism 0.95 0.90-1.00 0.03 0.07
Purpose in Life 0.49 0.24-1.00 0.36 0.05
Perceived Discrimination 1.08 0.93-1.25 0.08 0.32
Late Life Cognitive Activity 0.88 0.58-1.35 0.22 0.57
Late Life Social Activity 0.93 0.55-1.58 0.27 0.80
Physical Activity 0.83 0.64-1.10 0.14 0.19
Sleep Quality 1.04 0.95-1.14 0.05 0.39
Level 4: Biological
Vascular Risk Factors 0.87 0.74-1.02 0.08 0.10
Vascular Disease Burden 1.14 0.90-1.44 0.12 0.30
Body Mass Index 1.04 1.02-1.06 0.01 < 0.001
Global Cognition 0.75 0.57-0.97 0.14 0.03
Memory Complaints 1.12 1.01-1.24 0.05 0.03

Note.

TAll models included terms for gender and age.

https://doi.org/10.1371/journal.pone.0260749.t003

range of correlations existed among sociocultural level factors (r, = <0.23), supporting their
inclusion within this level. A larger social network size was a protective factor against having
greater levels of perceived stress. For example, an increase of 1 person in social network size
was associated with 4% lower odds of having higher perceived stress. More financial burden
and more social isolation were risk factors for having greater levels of perceived stress. Marital
status and prayer frequency did not have a relationship with perceived stress.

Level 3: Behavioral. Correlates in the behavioral level were depressive symptoms, neuroti-
cism, John Henryism, purpose in life, self-reported discrimination, late-life cognitive activity,
late-life social activity, physical activity, and sleep quality. A range of correlations existed
among behavioral level factors (r, = <0.46), supporting their inclusion within this level. More
purpose in life was a protective factor against having greater levels of perceived stress, with an
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increase of 1 SD of purpose in life (0.45) being associated with 27% lower odds of having
higher perceived stress. More depressive symptoms were a risk factor for having greater levels
of perceived stress. An increase of 1 depressive symptom was associated with 44% higher odds
of having higher perceived stress. Neither neuroticism, John Henryism, self-reported discrimi-
nation, late-life cognitive activity, late-life social activity, physical activity, nor sleep quality had
a relationship with perceived stress.

Level 4: Biological. Correlates included in the biological level were vascular risk factors,
vascular disease burden, BMI, global cognition, and memory complaints. A range of correla-
tions existed among biological level factors (r; = <0.24), supporting their inclusion within this
level. Higher global cognition was a protective factor against having greater levels of perceived
stress. Higher BMI and more memory complaints were risk factors for having greater levels of
perceived stress. Neither vascular risk factors nor vascular disease burden had a relationship
with perceived stress.

Discussion

The purpose of this study was to identify correlates of perceived stress among community-
dwelling, older African Americans. Higher levels of perceived stress have been linked to poorer
health outcomes across the life course, but correlates of perceived stress among older adults,
especially older racial minorities, remain less understood. Perceived stress is a potentially mod-
ifiable factor with a documented role in health outcomes in older adults [10, 11]. Hence,
understanding correlates associated with perceived stress in older African Americans may
facilitate the development and implementation of educational/informational tools and inter-
vention strategies aimed toward stress reduction in this vulnerable population. Correlates rep-
resented one of four levels set forth by the NIA’s Health Disparities Research Framework [16]:
1) environmental, 2) sociocultural, 3) behavioral, and 4) biological. Consistent with our
hypotheses, we found perceived stress associated with correlates from each of the four levels,
supporting the idea that a multi-level analysis approach is important in understanding aging
and relevant outcomes in diverse older adults. Some correlates were associated with lower lev-
els of perceived stress, while others were associated with higher levels of perceived stress.
Within the same level, correlates operated differently in their relationship with perceived
stress. Specifically, within the environmental level, lower levels of perceived stress were associ-
ated with having a higher income, a larger life space, and feeling safer in one’s neighborhood.
Within the sociocultural level, lower levels of perceived stress were associated with having a
larger social network. Within the behavioral level, lower levels of perceived stress were associ-
ated with having more purpose in life. Within the biological level, lower levels of perceived
stress were associated with having higher global cognition. Conversely, higher levels of per-
ceived stress were associated with feeling more tension in one’s neighborhood (environmental
level); having more financial burden and more social isolation (sociocultural level); having
more depressive symptoms (behavioral level); and having a higher BMI and more memory
complaints (biological level).

We add to the relatively small body of research focused on perceived stress as an outcome
among older adults, especially older racial minorities. Previous research has suggested that
environmental, sociocultural, and behavioral factors are associated with perceived stress
among older adults, but studies have not specifically examined older African Americans. One
previous study found that a larger social support network was associated with lower levels of
perceived stress among older adults [46], similar to current study findings. Furthermore and
similar to current study findings, previous research has suggested that negative neighborhood-
related factors, more financial burden, and more social isolation are associated with higher
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levels of perceived stress in older adults [12, 47, 48]. In the current study, unsurprisingly,
higher income was associated with lower levels of perceived stress. We also found a relation-
ship between more depressive symptoms and higher levels of perceived stress. Depressive
symptoms, common among older adults, including among older racial minorities [49], have
been postulated to have a confounding and bidirectional relationship with perceived stress
across the life course [50]. However, due to our cross-sectional design, we were unable to
examine the directionality of the effect.

Current study findings also demonstrate novel correlates associated with perceived stress
among older African Americans. Among environmental factors in the current study, a larger
life space was associated with lower levels of perceived stress. Larger life space has been linked
to positive factors in aging including better cognitive function, more purpose in life, greater
mobility, and more social involvement among older adults, including older African Americans
[24, 51, 52]. Similarly, among behavioral factors in the current study, more purpose in life was
associated with lower levels of perceived stress. More purpose in life has been associated with
decreased mortality risk in middle- to older- aged adults [53, 54], certainly a finding that is
consistent with lower levels of perceived stress. Current study findings also suggest that corre-
lates at the biological level are associated with perceived stress, such as global cognition and
memory complaints. Consistent with current study findings, higher levels of perceived stress
have been linked to faster rates of cognitive decline in MARS as well as in a population-based
study of older African Americans and Whites [10, 11], and more memory complaints [55]
among older adults. However, these previous studies all included perceived stress as a predic-
tor, not as an outcome as in our current study, but nevertheless supports the important role of
cognitive health for perceived stress among older African Americans. Lastly, we found a rela-
tionship between higher BMI and higher levels of perceived stress, but the basis of the associa-
tion in older African Americans remains unclear. Higher BMI has been linked to poorer self-
rated health in a sample of middle-to-older aged African Americans [56]. It is possible that
higher BMI is associated with negative perceptions of health among older African Americans
and this functions as a stressor, but more research is needed to understand the directionality
and underlying mechanisms of this association.

Overall, the current study takes an important step toward identifying and understanding
antecedents of perceived stress among older African Americans—a specific subgroup of older
adults who may be at risk for experiencing high levels of perceived stress and, arguably,
experiencing poorer health outcomes in aging linked to higher levels of exposure to chronic
stress. Correlates associated with perceived stress among older African Americans were cate-
gorized using a published framework [16] that considers four interrelated levels of factors—
environmental, sociocultural, behavioral, and biological-associated with health disparities in
aging. These correlates represented both positive and negative factors within each level, includ-
ing factors that have been traditionally considered in studies of perceived stress with diverse
populations (e.g., income and cognition) and novel correlates such as purpose in life and
neighborhood conditions. Furthermore, most correlates are potentially modifiable (e.g., social
network size and social isolation). While it may not be possible to reduce someone’s percep-
tions of stress, by focusing on these modifiable factors, researchers and practitioners can
develop and deliver both effective and culturally compatible educational tools and intervention
strategies geared toward addressing and coping with perceptions of stress among older African
Americans. Conversely, some correlates are not modifiable, primarily financial (i.e., income
and financial burden) and neighborhood factors (i.e., safety and tension) associated with per-
ceived stress. It is possible that these non-modifiable factors “mask” structural racism or other
intertwined inequities commonly faced by African Americans across the lifespan. It remains
critical for researchers and practitioners to partner with policy makers to establish and
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implement structural changes needed to address these non-modifiable correlates or sources of
higher levels of perceived stress. Structural strategies focused on, for example, income parity
and housing equity for African Americans across the lifespan may decrease or buffer higher
levels of perceived stress that are resistant to related educational resources and intervention
strategies. Ultimately, future research is needed to examine antecedents of perceived stress
among older African Americans to further identify modifiable and non-modifiable factors that
may mitigate or prevent higher levels of perceived stress and lead to healthier aging for this
population.

Strengths and limitations

This study has limitations. First, participants came from a volunteer cohort study in the Mid-
west and tended to be healthier and have more years of education than typical older African
Americans. Hence, current study participants may have overall lower levels of perceived stress
and findings may not be generalizable to older African Americans across the United States.
The study should be replicated in a population-based sample. Second, we used the four-item
PSS to measure perceived stress. Although the 4-item version has been validated in previous
studies, including with older adults, the 10-item and 14-item versions may have yielded differ-
ent results. Lastly, due to our cross-sectional design, we cannot infer causality and it is not pos-
sible to determine whether our correlates predict perceived stress, perceived stress predicts
correlates, or both. Future research is needed to explore predictive factors of perceived stress
using longitudinal designs. This study also has strengths including a well-characterized cohort
of older African Americans, data on a wide range of theoretically- and literature-driven corre-
lates of perceived stress, and use of the NIA’s Health Disparities Research Framework [16] that
grounded our categorization of correlates into levels of influence for perceived stress.

Acknowledgments

We would like to thank all Minority Aging Research Study (MARS) participants and MARS-
affiliated staff.

Author Contributions

Conceptualization: Crystal M. Glover, Robert S. Wilson, David A. Bennett, Lisa L. Barnes.
Data curation: Crystal M. Glover, Ana W. Capuano, Lisa L. Barnes.

Formal analysis: Ana W. Capuano.

Funding acquisition: Lisa L. Barnes.

Methodology: Crystal M. Glover, Lisa L. Barnes.

Project administration: Crystal M. Glover.

Resources: Lisa L. Barnes.

Supervision: Crystal M. Glover.

Writing - original draft: Crystal M. Glover, Ana W. Capuano, Robert S. Wilson, David A.
Bennett, Lisa L. Barnes.

Writing - review & editing: Crystal M. Glover, Ana W. Capuano, Robert S. Wilson, David A.
Bennett, Lisa L. Barnes.

PLOS ONE | https://doi.org/10.1371/journal.pone.0260749 December 1, 2021 13/16


https://doi.org/10.1371/journal.pone.0260749

PLOS ONE

Correlates of perceived stress among older African Americans

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Ortman JM, Velkoff VA, Hogan H. An aging nation: the older population in the United States. Washing-
ton, DC: United States Census Bureau, Economics and Statistics Administration, US Department of
Commerce; 2014 May 9.

Wike AE. Discrimination and perceived stress in sexual and gender minorities: Self-esteem as a moder-
ating factor. University of North Texas; 2014.

Koss C, Ekerdt DJ. Residential reasoning and the tug of the fourth age. The Gerontologist. 2017 Oct 1;
57(5):921-9. https://doi.org/10.1093/geront/gnw010 PMID: 26874191

Sacco P, Bucholz KK, Harrington D. Gender differences in stressful life events, social support, per-
ceived stress, and alcohol use among older adults: results from a national survey. Substance use & mis-
use. 2014 Mar 21; 49(4):456—65.

Cohen S, Janicki-Deverts DE. Who's stressed? Distributions of psychological stress in the United
States in probability samples from 1983, 2006, and 2009 1. Journal of applied social psychology. 2012
Jun; 42(6):1320-34.

Williams DR, Mohammed SA. Racism and health |: Pathways and scientific evidence. American behav-
ioral scientist. 2013 Aug; 57(8):1152—73.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. Journal of health and social
behavior. 1983 Dec 1:385-96. PMID: 6668417

Lazarus RS, Folkman S. Stress, appraisal, and coping. Springer publishing company; 1984 Mar 15.

Schmitt MT, Branscombe NR, Postmes T, Garcia A. The consequences of perceived discrimination for
psychological well-being: a meta-analytic review. Psychological bulletin. 2014 Jul; 140(4):921-948.
https://doi.org/10.1037/a0035754 PMID: 24547896

Aggarwal NT, Wilson RS, Beck TL, Rajan KB, De Leon CF, Evans DA, et al. Perceived stress and
change in cognitive function among adults aged 65 and older. Psychosomatic medicine. 2014 Jan; 76
(1):80-5. https://doi.org/10.1097/PSY.0000000000000016 PMID: 24367123

Turner AD, James BD, Capuano AW, Aggarwal NT, Barnes LL. Perceived stress and cognitive decline
in different cognitive domains in a cohort of older African Americans. The American Journal of Geriatric
Psychiatry. 2017; 25(1): 25-34. https://doi.org/10.1016/j.jagp.2016.10.003 PMID: 28231871

Scott SB, Jackson BR, Bergeman CS. What contributes to perceived stress in later life? A recursive par-
titioning approach. Psychology and aging. 2011 Dec; 26(4):830-843. https://doi.org/10.1037/a0023180
PMID: 21604885

Rebbeck TR, Weber AL, Spangler E, Zeigler-Johnson CM. What stresses men? Predictors of perceived
stress in a population-based multi-ethnic cross sectional cohort. BMC Public Health. 2013 Dec 1; 13
(1):113.

Assari S. Health disparities due to diminished return among black Americans: Public policy solutions.
Social Issues and Policy Review. 2018 Jan; 12(1):112—45.

Williams DR, Mohammed SA. Discrimination and racial disparities in health: evidence and needed
research. Journal of behavioral medicine. 2009 Feb 1; 32(1):20-47. https://doi.org/10.1007/s10865-
008-9185-0 PMID: 19030981

Hill CV, Pérez-Stable EJ, Anderson NA, Bernard MA. The National Institute on Aging health disparities
research framework. Ethnicity & Disease. 2015; 25(3):245. https://doi.org/10.18865/ed.25.3.245 PMID:
26675362

L Barnes L, C Shah R, T Aggarwal N, A Bennett D, A Schneider J. The Minority Aging Research Study:
ongoing efforts to obtain brain donation in African Americans without dementia. Current Alzheimer
Research. 2012 Jul 1; 9(6):734-45. https://doi.org/10.2174/156720512801322627 PMID: 22471868

McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzhei-
mer’s disease: Report of the NINCDS-ADRDA Work Group* under the auspices of Department of
Health and Human Services Task Force on Alzheimer’s Disease. Neurology. 1984 Jul 1; 34(7):939.
https://doi.org/10.1212/wnl.34.7.939 PMID: 6610841

Cohen S. Perceived stress in a probability sample of the United States. In Spacapan S, Oskamp S, edi-
tors. The Claremont Symposium on Applied Social Psychology. The social psychology of health. New-
bury Park, CA: Sage; 1988. pp.31-67

Cohen S, Kamarck T, Mermelstein R. Perceived stress scale. Measuring stress: A guide for health and
social scientists. 1994; 10:1-2.

Lee EH. Review of the psychometric evidence of the perceived stress scale. Asian nursing research.
2012 Dec 1; 6(4):121-7. https://doi.org/10.1016/j.anr.2012.08.004 PMID: 25031113

Zumbo BD, Gadermann AM, Zeisser C. Ordinal versions of coefficients alpha and theta for Likert rating
scales. Journal of modern applied statistical methods. 2007; 6(1):4.

PLOS ONE | https://doi.org/10.1371/journal.pone.0260749 December 1, 2021 14/16


https://doi.org/10.1093/geront/gnw010
http://www.ncbi.nlm.nih.gov/pubmed/26874191
http://www.ncbi.nlm.nih.gov/pubmed/6668417
https://doi.org/10.1037/a0035754
http://www.ncbi.nlm.nih.gov/pubmed/24547896
https://doi.org/10.1097/PSY.0000000000000016
http://www.ncbi.nlm.nih.gov/pubmed/24367123
https://doi.org/10.1016/j.jagp.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/28231871
https://doi.org/10.1037/a0023180
http://www.ncbi.nlm.nih.gov/pubmed/21604885
https://doi.org/10.1007/s10865-008-9185-0
https://doi.org/10.1007/s10865-008-9185-0
http://www.ncbi.nlm.nih.gov/pubmed/19030981
https://doi.org/10.18865/ed.25.3.245
http://www.ncbi.nlm.nih.gov/pubmed/26675362
https://doi.org/10.2174/156720512801322627
http://www.ncbi.nlm.nih.gov/pubmed/22471868
https://doi.org/10.1212/wnl.34.7.939
http://www.ncbi.nlm.nih.gov/pubmed/6610841
https://doi.org/10.1016/j.anr.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/25031113
https://doi.org/10.1371/journal.pone.0260749

PLOS ONE

Correlates of perceived stress among older African Americans

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Huntley J, Ostfeld AM, Taylor JO, Wallace RB, Blazer D, Berkman LF, et al. Established populations for
epidemiologic studies of the elderly: study design and methodology. Aging Clinical and Experimental
Research. 1993 Feb 1; 5(1):27-37.

Barnes LL, Wilson RS, Bienias JL, Mendes de Leon CF, Kim HJ, Buchman AS, et al. Correlates of life
space in a volunteer cohort of older adults. Experimental aging research. 2007 Jan 1; 33(1):77-93.
https://doi.org/10.1080/03610730601006420 PMID: 17132565

Bennett DA, Schneider JA, Tang Y, Arnold SE, Wilson RS. The effect of social networks on the relation
between Alzheimer’s disease pathology and level of cognitive function in old people: a longitudinal
cohort study. The Lancet Neurology. 2006 May 1; 5(5):406—12. https://doi.org/10.1016/S1474-4422
(06)70417-3 PMID: 16632311

Wilson RS, Krueger KR, Arnold SE, Schneider JA, Kelly JF, Barnes LL, et al. Loneliness and risk of Alz-
heimer disease. Archives of general psychiatry. 2007 Feb 1; 64(2):234—40. https://doi.org/10.1001/
archpsyc.64.2.234 PMID: 17283291

Kohout FJ, Berkman LF, Evans DA, Cornoni-Huntley J. Two shorter forms of the CES-D depression
symptoms index. Journal of aging and health. 1993 May; 5(2):179-93. https://doi.org/10.1177/
089826439300500202 PMID: 10125443

Costa PT, McCrae RR. NEO PI-R: Revised NEO Personality Inventory and NEO Five-factor Inventory
(NEO FFI): Professional Manual. PAR; 1992.

James SA, Strogatz DS, Wing SB, Ramsey DL. Socioeconomic status, John Henryism, and hyperten-
sion in blacks and whites. American journal of epidemiology. 1987 Oct 1; 126(4):664—73. https://doi.org/
10.1093/oxfordjournals.aje.a114706 PMID: 3631056

Boyle PA, Buchman AS, Barnes LL, Bennett DA. Effect of a purpose in life on risk of incident Alzheimer
disease and mild cognitive impairment in community-dwelling older persons. Archives of general psy-
chiatry. 2010 Mar 1; 67(3):304—10. https://doi.org/10.1001/archgenpsychiatry.2009.208 PMID:
20194831

Ryff CD, Keyes CL. The structure of psychological well-being revisited. Journal of personality and social
psychology. 1995 Oct; 69(4):719-727. https://doi.org/10.1037//0022-3514.69.4.719 PMID: 7473027

Barnes LL, Lewis TT, Begeny CT, Yu L, Bennett DA, Wilson RS. Perceived discrimination and cognition
in older African Americans. Journal of the International Neuropsychological Society: JINS. 2012 Sep;
18(5):856—865. https://doi.org/10.1017/S1355617712000628 PMID: 22595035

Barnes LL, De Leon CF, Lewis TT, Bienias JL, Wilson RS, Evans DA. Perceived discrimination and
mortality in a population-based study of older adults. American journal of public health. 2008 Jul; 98
(7):1241-7. https://doi.org/10.2105/AJPH.2007.114397 PMID: 18511732

Barnes LL, Wilson RS, Mendes de Leon CF, Bennett DA. The relation of lifetime cognitive activity and
lifetime access to resources to late-life cognitive function in older African Americans. Aging, Neuropsy-
chology, and Cognition. 2006 Dec 1; 13(3—4):516—28. https://doi.org/10.1080/138255890969519
PMID: 16887787

Wilson RS, Barnes LL, Krueger KR, Hoganson G, Bienias JL, Bennett DA. Early and late life cognitive
activity and cognitive systems in old age. Journal of the International Neuropsychological Society: JINS.
2005 Jul 1; 11(4):400-7. PMID: 16209420

James BD, Wilson RS, Barnes LL, Bennett DA. Late-life social activity and cognitive decline in old age.
Journal of the International Neuropsychological Society: JINS. 2011 Nov; 17(6):998—1005. https://doi.
org/10.1017/S1355617711000531 PMID: 22040898

Buysse DJ, Reynolds CF Ill, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry research. 1989 May 1; 28(2):193-213.
https://doi.org/10.1016/0165-1781(89)90047-4 PMID: 2748771

Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin Questionnaire to identify
patients at risk for the sleep apnea syndrome. Annals of internal medicine. 1999 Oct 5; 131(7):485-91.
https://doi.org/10.7326/0003-4819-131-7-199910050-00002 PMID: 10507956

Turner AD, Lim AS, Leurgans SE, Bennett DA, Buchman AS, Barnes LL. Self-reported sleep in older
African Americans and White Americans. Ethnicity & disease. 2016; 26(4):521. https://doi.org/10.
18865/ed.26.4.521 PMID: 27773979

Barnes LL, Yumoto F, Capuano A, Wilson RS, Bennett DA, Tractenberg RE. Examination of the factor
structure of a global cognitive function battery across race and time. Journal of the International Neuro-
psychological Society. 2016 Jan; 22(1):66—75. https://doi.org/10.1017/S1355617715001113 PMID:
26563713

Hill NL, Mogle J, Bhargava S, Whitaker E, Bhang |, Capuano AW, et al. Differences in the associations
between memory complaints and depressive symptoms among Black and White older adults. The Jour-
nals of Gerontology: Series B. 2020 Mar 9; 75(4):783-91. https://doi.org/10.1093/geronb/gby091

PMID: 30102393

PLOS ONE | https://doi.org/10.1371/journal.pone.0260749 December 1, 2021 15/16


https://doi.org/10.1080/03610730601006420
http://www.ncbi.nlm.nih.gov/pubmed/17132565
https://doi.org/10.1016/S1474-4422%2806%2970417-3
https://doi.org/10.1016/S1474-4422%2806%2970417-3
http://www.ncbi.nlm.nih.gov/pubmed/16632311
https://doi.org/10.1001/archpsyc.64.2.234
https://doi.org/10.1001/archpsyc.64.2.234
http://www.ncbi.nlm.nih.gov/pubmed/17283291
https://doi.org/10.1177/089826439300500202
https://doi.org/10.1177/089826439300500202
http://www.ncbi.nlm.nih.gov/pubmed/10125443
https://doi.org/10.1093/oxfordjournals.aje.a114706
https://doi.org/10.1093/oxfordjournals.aje.a114706
http://www.ncbi.nlm.nih.gov/pubmed/3631056
https://doi.org/10.1001/archgenpsychiatry.2009.208
http://www.ncbi.nlm.nih.gov/pubmed/20194831
https://doi.org/10.1037//0022-3514.69.4.719
http://www.ncbi.nlm.nih.gov/pubmed/7473027
https://doi.org/10.1017/S1355617712000628
http://www.ncbi.nlm.nih.gov/pubmed/22595035
https://doi.org/10.2105/AJPH.2007.114397
http://www.ncbi.nlm.nih.gov/pubmed/18511732
https://doi.org/10.1080/138255890969519
http://www.ncbi.nlm.nih.gov/pubmed/16887787
http://www.ncbi.nlm.nih.gov/pubmed/16209420
https://doi.org/10.1017/S1355617711000531
https://doi.org/10.1017/S1355617711000531
http://www.ncbi.nlm.nih.gov/pubmed/22040898
https://doi.org/10.1016/0165-1781%2889%2990047-4
http://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.7326/0003-4819-131-7-199910050-00002
http://www.ncbi.nlm.nih.gov/pubmed/10507956
https://doi.org/10.18865/ed.26.4.521
https://doi.org/10.18865/ed.26.4.521
http://www.ncbi.nlm.nih.gov/pubmed/27773979
https://doi.org/10.1017/S1355617715001113
http://www.ncbi.nlm.nih.gov/pubmed/26563713
https://doi.org/10.1093/geronb/gby091
http://www.ncbi.nlm.nih.gov/pubmed/30102393
https://doi.org/10.1371/journal.pone.0260749

PLOS ONE

Correlates of perceived stress among older African Americans

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

McCullagh P. Regression models for ordinal data. Journal of the Royal Statistical Society: Series B
(Methodological). 1980 Jan; 42(2):109-27.

Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regression. Oxford: John Wiley & Sons;
2013.

Capuano AW, Dawson JD, Gray GC. Maximizing power in seroepidemiological studies through the use
of the proportional odds model. Influenza and other respiratory viruses. 2007 May; 1(3):87-93. https:/
doi.org/10.1111/j.1750-2659.2007.00014.x PMID: 18176626

Liu Q, Shepherd BE, Li C, Harrell Jr FE. Modeling continuous response variables using ordinal regres-
sion. Statistics in medicine. 2017 Nov 30; 36(27):4316-35. https://doi.org/10.1002/sim.7433 PMID:
28872693

Fuller-Iglesias HR. Social ties and psychological well-being in late life: The mediating role of relationship
satisfaction. Aging & Mental Health. 2015 Dec 2; 19(12):1103-12. https://doi.org/10.1080/13607863.
2014.1003285 PMID: 25621882

Everson-Rose SA, Skarupski KA, Barnes LL, Beck T, Evans DA, de Leon CF. Neighborhood socioeco-
nomic conditions are associated with psychosocial functioning in older black and white adults. Health &
place. 2011 May 1; 17(3):793-800. https://doi.org/10.1016/j.healthplace.2011.02.007 PMID: 21421335

Wen M, Hawkley LC, Cacioppo JT. Objective and perceived neighborhood environment, individual SES
and psychosocial factors, and self-rated health: An analysis of older adults in Cook County, lllinois.
Social science & medicine. 2006 Nov 1; 63(10):2575-90.

Gonyea JG, Curley A, Melekis K, Levine N, Lee Y. Loneliness and depression among older adults in
urban subsidized housing. Journal of aging and health. 2018 Mar; 30(3):458-74. https://doi.org/10.
1177/0898264316682908 PMID: 28553790

Liu RT, Alloy LB. Stress generation in depression: A systematic review of the empirical literature and
recommendations for future study. Clinical psychology review. 2010 Jul 1; 30(5):582-93. https://doi.org/
10.1016/j.cpr.2010.04.010 PMID: 20478648

Crowe M, Andel R, Wadley VG, Okonkwo OC, Sawyer P, Allman RM. Life-space and cognitive decline
in a community-based sample of African American and Caucasian older adults. The Journals of Geron-
tology Series A: Biological Sciences and Medical Sciences. 2008 Nov 1; 63(11):1241-5.

De Silva N, Venkateshan S, Kuspinar A. The association between life space mobility and cognition in
older adults. Innovation in Aging. 2018 Nov; 2(Suppl 1):507.

Hill PL, Turiano NA. Purpose in life as a predictor of mortality across adulthood. Psychological science.
2014 Jul; 25(7):1482-6. https://doi.org/10.1177/0956797614531799 PMID: 24815612

Boyle PA, Barnes LL, Buchman AS, Bennett DA. Purpose in life is associated with mortality among
community-dwelling older persons. Psychosomatic medicine. 2009 Jun; 71(5):574. https://doi.org/10.
1097/PSY.0b013e3181a5a7c0 PMID: 19414613

Sims RC, Whitfield KE, Ayotte BJ, Gamaldo AA, Edwards CL, Allaire JC. Subjective memory in older
African Americans. Experimental Aging Research. 2011 Feb 28; 37(2):220—40. https://doi.org/10.1080/
0361073X.2011.555640 PMID: 21424958

Baruth M, Becofsky K, Wilcox S, Goodrich K. Health characteristics and health behaviors of African
American adults according to self-rated health status. Ethnicity & disease. 2014; 24(1):97. PMID:
24620455

PLOS ONE | https://doi.org/10.1371/journal.pone.0260749 December 1, 2021 16/16


https://doi.org/10.1111/j.1750-2659.2007.00014.x
https://doi.org/10.1111/j.1750-2659.2007.00014.x
http://www.ncbi.nlm.nih.gov/pubmed/18176626
https://doi.org/10.1002/sim.7433
http://www.ncbi.nlm.nih.gov/pubmed/28872693
https://doi.org/10.1080/13607863.2014.1003285
https://doi.org/10.1080/13607863.2014.1003285
http://www.ncbi.nlm.nih.gov/pubmed/25621882
https://doi.org/10.1016/j.healthplace.2011.02.007
http://www.ncbi.nlm.nih.gov/pubmed/21421335
https://doi.org/10.1177/0898264316682908
https://doi.org/10.1177/0898264316682908
http://www.ncbi.nlm.nih.gov/pubmed/28553790
https://doi.org/10.1016/j.cpr.2010.04.010
https://doi.org/10.1016/j.cpr.2010.04.010
http://www.ncbi.nlm.nih.gov/pubmed/20478648
https://doi.org/10.1177/0956797614531799
http://www.ncbi.nlm.nih.gov/pubmed/24815612
https://doi.org/10.1097/PSY.0b013e3181a5a7c0
https://doi.org/10.1097/PSY.0b013e3181a5a7c0
http://www.ncbi.nlm.nih.gov/pubmed/19414613
https://doi.org/10.1080/0361073X.2011.555640
https://doi.org/10.1080/0361073X.2011.555640
http://www.ncbi.nlm.nih.gov/pubmed/21424958
http://www.ncbi.nlm.nih.gov/pubmed/24620455
https://doi.org/10.1371/journal.pone.0260749

