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Abstract 

Background:  Individuals with chronic kidney disease (CKD), hypertension (HTN), or diabetes mellitus (DM) are at 
increased risk for cardiovascular disease (CVD). The extent to which psychosocial factors are associated with increased 
CVD risk within these individuals is unclear. Black individuals experience a high degree of psychosocial stressors due 
to socioeconomic factors, environment, racism, and discrimination. We examined the association between psychoso-
cial factors and risk of CVD events among Black men and women with CKD and CKD risk factors in the Jackson Heart 
Study.

Methods and Results:  We identified 1919 participants with prevalent CKD or CKD risk factors at baseline. We used 
rotated principal component analysis - a form of unsupervised machine learning that may identify constructs not 
intuitively identified by a person - to describe five groups of psychosocial components (including negative moods, 
religiosity, discrimination, negative outlooks, and negative coping resources) based on a battery of questionnaires. 
Multiple imputation by chained equation (MICE) was used to impute missing covariate data. Cox models were used 
to quantify the association between psychosocial components and incident CVD, defined as a fatal coronary heart 
disease event, myocardial infarction, cardiac procedure (angiography or revascularization procedure), or stroke. Of the 
929 participants in the analysis, 67% were female, 28% were current/former smokers with mean age of 56 years and 
mean BMI of 33 kg/m2. Over a median follow-up of 8 years, 6% had an incident CVD event. In multivariable models, 
each standard deviation (SD) increase in the religiosity component was associated with an increased hazard for CVD 
event (hazard ratio [HR] = 1.52, 95% CI: 1.09–2.13).

Conclusions:  Religiosity was associated with CVD among participants with prevalent CKD or CKD risk factors. Studies 
to better understand the mechanisms of this relationship are needed.
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Introduction
Over 30 million adults in the United States have chronic 
kidney disease (CKD) [1]. Individuals with CKD experi-
ence increased risk for cardiovascular disease (CVD) 
and are more likely to die of CVD than other causes 
[1, 2]. This heightened CVD risk is particularly striking 
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among Black adults with CKD, who are more likely to 
die of CVD than white adults [3]. Several studies exam-
ining the association between psychosocial variables and 
CVD events among the general public suggest a rela-
tion between greater levels of anxiety, anger, discrimi-
nation, hostility, and stress and adverse CVD outcomes 
[4, 5]. Black individuals experience a high degree of psy-
chosocial stressors related to socioeconomic factors, 
environment, racism, and discrimination [6–8]. To our 
knowledge, no studies have evaluated how these stressors 
may increase risk for CVD among Black individuals with 
CKD or major CKD risk factors.

Psychosocial variables that may negatively impact 
health include religiosity, negative moods (anger and 
hostility), discrimination, poor coping resources (low 
social support and social status), and negative outlooks 
(John Henryism and pessimism). Previous studies have 
shown that these factors may have negative cardiovascu-
lar consequences, including increased risk for incident 
and recurrent heart disease [9–11], and they have been 
conceptualized to impact physiological health through 
multiple mechanisms, including heightened stress 
response and an increase in unhealthy behaviors [12]. 
High blood pressure and uncontrolled blood glucose are 
two major risk factors for CKD. Heightened psychoso-
cial stress can further elevate blood pressure and stimu-
late cortisol secretion which, among other effects, raises 
blood glucose. Coupled with stress induced cigarette 
and alcohol use for coping, these effects could exacer-
bate CVD in adults with CKD and CKD risk factors [13, 
14]. However, much of the research to date has examined 
the relationship of these factors with intermediate health 
outcomes, such as blood pressure, and have lacked asso-
ciations to hard clinical events such as myocardial infarc-
tion or stroke [15]. Moreover, few studies have examined 
this relation among Black adults. Studies elucidating the 
association between psychosocial factors and CVD risk, 
particularly among Black adults with CKD or CKD risk 
factors, could identify important targets for addressing 
increased risks of CVD in this population.

We examined the association between psychosocial 
factors and incident CVD events among Black men and 
women with CKD or CKD risk factors in the Jackson 
Heart Study (JHS). We hypothesized that a greater bur-
den of negative psychosocial factors would increase the 
risk for CVD events among JHS participants.

Methods
Study participants
The JHS is a National Heart, Lung, and Blood Institute 
(NHLBI) sponsored single-site prospective cohort study 
examining the causes of CVD in non-institutionalized 
adult Black residents of the tri-county area (Hinds, 

Madison, and Rankin) of the Jackson, Mississippi, met-
ropolitan area. The study design has been previously 
described [16]. The baseline cohort includes 5301 men 
and women aged 21–94 years recruited from 2000 to 
2004. Baseline data were collected using a self-admin-
istered questionnaire, in-home interview, and in-clinic 
study visits. The study was approved by the institutional 
review boards of the University of Mississippi Medical 
Center, Jackson State University, and Tougaloo College, 
and all participants provided written informed consent.

To identify characteristics relevant to individuals with 
or at risk for CKD, we restricted our study sample to JHS 
participants with baseline CKD or major CKD risk fac-
tors defined as prevalent hypertension and/or diabetes 
mellitus at baseline. CKD was defined as an estimated 
glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2 
using the CKD-EPI formula or an albumin-to-creati-
nine ratio of ≥30 mg/g on spot urine collection or 24-h 
urine collection if the former was unavailable [17]. 
Hypertension was determined using the JNC-8 crite-
ria for detection of hypertension (i.e., self-reported use 
of hypertension medication or age ≥ 60 yrs.: SBP ≥150 
or DBP ≥90 mmHg [average of 2 blood pressure meas-
urements]; age < 60 yrs.: SBP ≥ 140 or DBP ≥ 90 mmHg; 
or age ≥ 18 yrs. with CKD or diabetes: SBP ≥ 140 or 
DBP ≥90). Diabetes was defined based on the Ameri-
can Diabetes Association 2010 guideline; participants 
with (1) fasting glucose ≥126 mg/dL or, (2) hemoglobin 
A1C ≥ 6.5% or, (3) use of diabetic medication confirmed 
by inspecting pill bottles within 2 weeks prior to the clinic 
visit were classified as having diabetes. Participants with 
a history of CVD and those without baseline hyperten-
sion, diabetes, and CKD (i.e., participants without all 
three conditions) were excluded.

Independent variables: psychosocial components
A total of 15 psychosocial variables were measured at 
baseline: daily discrimination, lifetime discrimination, 
burden of lifetime discrimination, global stress, John 
Henryism, spirituality, organized religion, non-organized 
religion, religious coping, hostility, anger in, anger out, 
pessimism, social support, and perceived social status.

Perceived discrimination was assessed with instru-
ments validated for use in the JHS cohort [18]. The 
dimensions of perceived discrimination included daily 
discrimination, lifetime discrimination, and burden of 
lifetime discrimination. For daily discrimination, par-
ticipants rated the frequency of occurrence of 9 discrimi-
natory experiences (e.g., poor service at a restaurant) 
on a scale from 0 to 7 (none to several times per day) 
in response to the question “How often on a day-to-day 
basis do you have the following experiences?” The daily 
discrimination score comprised the mean score across 
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these 9 experiences. Lifetime discrimination, which 
measures unfair treatment in 9 social domains (e.g., 
school, housing), was calculated by summing binary 
counts (no = 0, yes = 1) from these domains to generate a 
total score (range 0–9). Burden of lifetime discrimination 
was quantified through a Likert scale of 1) how stress-
ful each unfair treatment was (“not stressful” [0] to “very 
stressful” [3]); 2) interference with living a full and pro-
ductive life (“not at all” [0] to “a lot” [3]); and 3) whether 
it increased difficulty in life (“not at all” [0] to “a lot” [3]). 
Burden of lifetime discrimination was restricted to per-
sons who reported at least 1 instance of lifetime discrimi-
nation. Responses were summed to generate the burden 
of lifetime discrimination score (range 0–9) [5].

Stress was evaluated using the Global Perceived Stress 
Scale (GPSS), which was adapted and validated for use 
within the JHS from the Survey of Recent Life Experi-
ences scale, Perceived Stress Scale, and Life Events Scale 
[19]. The questionnaire captured 8 potential stress-
inducing contexts, including employment, relationships, 
neighborhood, caring for others, legal problems, medi-
cal problems, racism and discrimination, and meeting 
basic needs. The severity of stress experienced for each 
item during the 12-month period preceding the baseline 
examination was rated on a Likert scale (“not stressful” 
[0] to “very stressful” [3]). The GPSS score was calculated 
by summing responses to the 8 items on the question-
naire (range 0–24).

John Henryism was measured using the 12-item John 
Henryism Scale for Active Coping, which evaluates the 
extent to which one engages in active coping in order to 
overcome socioeconomic stress [20]. This scale includes 
prompts like “I’ve always felt that I could make of my life 
pretty much what I wanted to make of it” and “Once I 
make up my mind to do something, I stay with it until the 
job is completely done.” Responses are scored on a Lik-
ert scale (“completely false” [0] to “completely true” [3]) 
and summed across the 12 items to generate a composite 
John Henryism score (range 0–36). Higher scores indi-
cate greater unnecessary effort to engage in coping activi-
ties with social and economic adversity that can result in 
negative health consequences (i.e., poor coping).

Religiosity was measured using 4 independent sub-
scales: spirituality, organized religion, non-organized 
religion, and religious coping. Spirituality was meas-
ured using the Daily Spiritual Experience Scale, a 6-item 
questionnaire targeting daily experiences with God and 
spirituality [21]. The responses range from “never” (0) 
to “many times a day” (5) and are summed to get a con-
tinuous measure from 0 to 30. Organized religion was 
assessed by the question “How often do you attend the 
main worship service of your church or otherwise partic-
ipate in organizational religion?” with responses ranging 

from “not at all” (0) to “nearly every day” (5). Non-organ-
ized religion was assessed by the question “Within your 
religious or spiritual tradition, how often do you pray 
privately or meditate in places other than at church, 
mosque, temple, or synagogue?” with responses ranging 
from “never” (0) to “more than once a day” (7). Religious 
coping was assessed by the question “To what extent is 
your religion or spiritual tradition involved in under-
standing or dealing with stressful situations in any way?” 
with responses ranging from “not involved at all” (0) to 
“very involved” (3).

Hostility was examined using the sum of 27 true/false 
items derived from the Cook-Medley Hostility Scale, 
which included measures of cynicism, hostile affect, and 
aggressive response [19, 22]. An affirmative response to 
each item on this scale received a score of 1, and a nega-
tive response received a score of 0. A summary score was 
generated by calculating the sum of responses (range 
0–27).

Anger was assessed using a 16-item scale, termed the 
Spielberger trait anger scale, which comprises 2 separate 
8-item sub-scales for anger in and anger out [23]. Par-
ticipants rated each questionnaire item on a Likert-type 
scale range from “almost never” (0) to “almost always” 
(3), based on how often they react to statements such as 
“I keep things in” or “I am secretly quite critical of others” 
(anger-in) and “I express my anger” or “I do things like 
slam doors” (anger-out). Responses were summed across 
items in each subscale to generate 2 anger scores, each 
ranging from 0 to 24.

Pessimism was assessed using the 3-item revised Life 
Orientation Test [24]. Participants responded to state-
ments such as “If something can go wrong for me, it will,” 
using a 4-point scale ranging from “strongly disagree” (0) 
to “strongly agree” (3). Scores were summed from the 3 
items to calculate a summary score ranging from 0 to 9.

Social support was assessed using the SOCA, which 
is a subset of 3 questions derived from the Lubben Scale 
[25]. This construct collects information on structural 
components of social support. Scores from Likert-type 
responses were summed to calculate a social support 
score ranging from 0 to 12. Perceived social status was 
assessed using a single question asking participants to 
rate their standing in the community on a reverse coded 
scale ranging in value from “high standing” (1) to “low 
standing” (10).

The primary independent variables were psychosocial 
components derived from conducting principal com-
ponent analysis (PCA) on the 15 psychosocial variables 
measured at baseline. We conducted PCA using the R 
function “principal” in the psych package [26] on 929 
participants with complete information on psychoso-
cial variables to reduce the 15 psychosocial variables of 
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interest into fewer conceptually related, though uncorre-
lated, linear combinations of the original 15 (i.e., compo-
nents) [27]. Varimax rotation was performed to facilitate 
interpretability, and any components with eigenvalues ≥1 
were retained. Psychosocial variables with a factor load 
≥0.4 loaded favorably on a given component, and were 
used to represent the dimension of interest. As a compar-
ison, we conducted PCA and all other analyses using the 
716 participants with complete information on psychoso-
cial variables and covariates.

Covariates
Demographic and clinical information from the base-
line exam included age, sex, BMI (kg/m2), comorbidities 
such as hypertension, diabetes and CKD, smoking sta-
tus dichotomized as “never” or “former/current,” use of 
antihypertensive medications, parental history of stroke 
or heart disease, and dyslipidemia defined as total choles-
terol ≥200, LDL ≥130, or statin use. Notably, we adjusted 
for both hypertension and antihypertensive medication 
use because the derived definition of hypertension only 
included self-reported medication use. As CVD outcomes 
are of interest, actual medication use was deemed impor-
tant as a potential confounder. Occupation categories 
were classified as wage-earning and non-wage-earning. 
Income was defined as ≤1.5 or > 1.5 times the poverty 
level. The poverty level was determined based on the visit 
year, family size, and the number of children < 18 years 
of age within the household. Education level was catego-
rized as < or ≥ high school. Nutrition level and physical 
activity were categorized as ideal, intermediate, and poor 
health. Alcohol use was dichotomized as yes and no. 
Depression was derived using Hassles and moods B form, 
with the answers converted to a scale of 0–3 and a score 
of ≥16 signifying depression.

Dependent variable: CVD events
A CVD event was defined through 2015 as a definite/
probable myocardial infarction, a cardiac procedure, 
fatal coronary heart disease event, or a definite/probable 
stroke. All events were adjudicated and the adjudication 
procedures have been described previously [16]. Briefly, 
outcomes were recorded during the annual telephone 
interview with participants and their family members 
and at study visits during exams 2 (2005–2008) and 3 
(2009–2013) of the JHS study. During the interviews 
and examinations, trained staff identified interim medi-
cal events, including new health events, diagnostic tests, 
hospitalizations, new diagnoses, and death. These were 
subsequently confirmed by review of medical records, 
including discharge summaries, International Classifica-
tion of Diseases, Ninth Revision codes, and procedure 
codes. Participant mortality was also identified from the 

Mississippi State Department of Health, review of death 
certificates and hospital charts, obituaries, and linkage to 
the National Death Index through 2015.

Statistical analyses
We described demographic and clinical characteristics 
of study participants overall and compared character-
istics according to their development of incident CVD 
using t-tests and Wilcoxon Rank Sum test for mean and 
median values of continuous variables, respectively, 
and using chi-square tests for categorical variables. We 
employed Cox regression models to quantify the associa-
tion between the derived psychosocial components and 
incident CVD events, while adjusting for demographic 
and clinical covariates. We examined the extent and fre-
quency of missing covariates, including diabetes, dyslipi-
demia, systolic blood pressure, diastolic blood pressure, 
antihypertensive medications, smoking status, BMI, 
parental history of CVD, employment, alcohol use, nutri-
tion, and depression. While HDL is a known contributor 
to cardiovascular disease, it is not included in the final 
model to avoid overfitting and collinearity with dyslipi-
demia. We used multiple imputation chained equation 
(MICE) to create 10 imputed datasets through the R 
package “mice” [28] with the predictive mean matching 
method to impute the non-psychosocial covariates.

The association between psychosocial components 
and CVD was examined continuously (i.e., per standard 
deviation increase) and categorically (i.e., at the median 
and by tertile of measure) using Cox models adjusted the 
previously stated confounders. The proportional hazards 
assumption was tested for the models described and no 
significant violations were found (all p > 0.05). Analy-
ses were then stratified by age (median cutoff) and sex, 
as there are age and gender differences in psychosocial 
measures [29, 30]. A test for interaction was conducted 
to determine if age and sex modified the association 
between the derived psychosocial components and inci-
dent CVD by adding an interaction term to the afore-
mentioned Cox models.

In sensitivity analyses, the Cox model was fit using 
competing risk methods [31] to account for informative 
censoring due to non-CVD related death. We also fit a 
model that included individuals with missing CKD status 
(by grouping them as an additional category) to explore 
patterns of missing data and whether individuals with 
missing CKD status had different risks for the outcomes 
as compared to individuals without missing CKD status. 
PCA were conducted for all sensitivity analyses to derive 
psychosocial components. Additionally, the main Cox 
model was rerun with HDL included as a covariate. Anal-
yses were performed using R 4.0.3 (R Core Team (2020), 
Vienna, Austria) and SAS 9.4 (SAS Institute, Cary, NC).
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Results
Study sample
Of the 5301 JHS participants, 1879 had missing CKD 
status at baseline; 1155 did not have hypertension, dia-
betes, or CKD at baseline; 348 had prevalent CVD at 
baseline; and 990 had missing/incomplete psychosocial 
information. A further 320 (34%) had missing covariate 
information. Of these, 78% had only 1 variable missing 
(Additional  file  1: Appendix  1). The highest propor-
tion of missing data occurred for income (15.9%), dys-
lipidemia (9.5%), nutrition (7.8%), and antihypertensive 
medication use (6.5%) (Additional file  1: Appendix  2). 
The other covariates imputed had no more than 2.3% 
of missing values. After imputing missing data in these 
320 participants, the resulting final analysis cohort 
included 929 participants (Fig. 1).

The study participants were 67% female with a mean 
age of 56 years and a mean BMI of 33 kg/m2. Over 69% 
of the participants had at least a high school level of 
education, 61% were wage earning (i.e., working for 
pay), and 57% lived at more than 1.5 times the poverty 
level. At baseline, 30% of the participants had diabetes, 
92% had hypertension, and 21% had CKD. Approxi-
mately 76% of the sample were using antihypertensive 
medications, 28% were current or former smokers, 59% 
had dyslipidemia, and 52% had a parental history of 
CVD. (Table 1).

Principal component analysis
PCA identified five rotated components representing 
constructs related to psychosocial health (Fig.  2). We 
labeled these components “negative moods,” “religios-
ity,” “discrimination,” “negative outlook,” and “negative 
coping resources.” Negative moods comprised anger in, 
anger out, and hostility. Religiosity was composed of con-
structs representing spirituality, organized religion, non-
organized religion, and religious coping. Discrimination 
comprised perceived discrimination and stress. Negative 
outlooks consisted of John Henryism and pessimism. 
Negative coping resources comprised perceived social 
status and social support. For most components, higher 
scores represented higher psychosocial levels. For nega-
tive coping resources, perceived social status and social 
support were reverse scored so that higher scores indi-
cate lower social standing and less social support.

Association of psychosocial components with CVD events
During a median follow-up of 8 years, 6% (n = 60) of par-
ticipants had an incident CVD event. After adjustment, 
each standard deviation increase in negative moods was 
associated with a non-statistically significantly greater 
hazard for CVD events (HR = 1.26, 95% CI: 0.97–1.65) 
(Table 2). The hazard ratio for CVD was greater among 
participants with negative mood scores above the median 
(HR = 1.62; 95% CI: 0.92, 2.85) and in the highest tertile 

Fig. 1  Flow chart of participants who met inclusion/exclusion criteria for the study population
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Table 1  Baseline characteristics of the study population

Overall No CVD Incident CVD p-value
n 929 869 60

Age, years (mean, SD) 56.4 (11.4) 56.0 (11.3) 61.4 (11.3) p < 0.01
Female (%) 66.6 67.3 56.7 0.1
Education (%) 0.6
  <High school 30.8 30.5 35

  ≥High school 69.2 69.5 65

Income (%) 0.1
  ≤1.5x poverty level 32.2 31.5 41.7

  > 1.5x poverty level 67.8 68.5 58.3

Employment (%) 0.03
  Wage-earning 60.9 61.9 46.7

  Non-wage-earning 39.1 38.1 53.3

BMI (mean, SD) 32.8 (7.2) 32.8 (7.3) 32.7 (7.0) 0.9
Smoking status (%)
  Former/current 27.8 26.7 43.3 0.01
Alcohol use (%) 41.6 41.7 40 0.9
Nutrition (%) 0.5
  Poor 53 53.3 48.3

  Intermediate 45.9 45.5 51.7

  Ideal 1.2 1.3 0

Physical Activity (%) 0.04
  Poor 46.8 45.8 61.7

  Intermediate 33.2 34.1 20

  Ideal 20 20.1 18.3

Depression (%) 46.6 46.5 48.3 0.9
Diabetes status (%) 29.8 28.5 48.3 < 0.01
Hypertension status (%) 91.9 91.7 95 0.5
Antihypertensive medication use (%) 78.9 78 91.7 0.02
Chronic kidney disease (%) 20.9 19.4 41.7 < 0.01
Dyslipidemia (%) 66.2 66.4 63.3 0.7
Parental history of CVD (%) 51.9 51.4 58.3 0.4
Negative Moods
  Anger in (median [IQR]) 5 [3–7] 5 [3–7] 5 [3–7] 0.7
  Mean (SD) 5.2 (3.4) 5.2 (3.5) 5.1 (2.9)

  Anger out (median [IQR]) 4 [2–6] 4 [2–6] 5 [3–7] 0.1
  Mean (SD) 4.3 (3.0) 4.3 (3.0) 4.9 (2.9)

  Hostility (median [IQR]) 11 [8–15] 11 [8–15] 12 [8–15] 0.4
  Mean (SD) 11.5 (4.8) 11.5 (4.7) 12.0 (5.0)

Religiosity
  Spirituality (median [IQR]) 24 [21–27] 24 [21–27] 24 [23–26] 0.02
  Mean (SD) 23.3 (4.8) 23.2 (4.9) 24.3 (3.4)

  Organized religion (median [IQR]) 4 [4–5] 4 [4–5] 4 [4–5] 0.01
  Mean (SD) 4.03 (0.9) 4.01 (0.9) 4.3 (0.7)

  Non-organized religion (median [IQR]) 7 [6–7] 7 [6–7] 7 [6–7] 0.07
  Mean (SD) 6.3 (1.2) 6.3 (1.2) 6.5 (1.0)

  Religious coping (median [IQR]) 3 [2–3] 3 [2–3] 3 [2–3] 0.7
  Mean (SD) 2.6 (0.7) 2.6 (0.7) 2.6 (0.8)

Discrimination
  Daily discrimination (median [IQR]) 7 [3–14] 7 [3–14] 8 [3–14] 0.4
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(HR = 1.90; 95% CI: 0.93, 3.87) as compared to scores 
below the median and in the lowest tertile, respectively, 
however these associations were not statistically signifi-
cant. Each standard deviation increase in the religiosity 
component—representing greater levels of religiosity—
was associated with a statistically significantly greater 
hazard for CVD events (HR = 1.52, 95% CI: 1.09–2.13). 
This association persisted when evaluating dichotomized 
cohort medians (HR = 1.94, 95% CI: 1.10–3.39). Discrim-
ination, negative coping resources, and negative outlook 
were not significantly associated with CVD events in this 
cohort after adjusting for other covariates. There was no 
statistically significant interaction between these psycho-
social components and CVD (Table 3).

Sensitivity analyses
Rotated principle component analysis
In sensitivity analyses, stress loaded on the negative 
coping resources component. The discrimination com-
ponent, therefore, included only the perceived discrimi-
nation variables while the negative coping resources 
components included perceived social status, social sup-
port, and stress (Additional file 1: Appendix 3).

Missing CKD status
To assess the impact of missing CKD status on results, 
models were re-fit to include 390 participants with 

missing CKD status. Excluded individuals tended to be 
older, less educated, lower income, less likely to be work-
ing for wages, either current or former smokers, and 
engaged in lower levels of physical activity. We did not 
see significant differences in clinical characteristics such 
as antihypertensive medication use, dyslipidemia, or 
parental history of CVD (Additional file 1: Appendix 4). 
Results were attenuated and, for most associations, had 
similar direction of effect as in main analyses. Of note, 
participants in the highest tertile of discrimination had 
a lower hazard of CVD compared to participants in the 
lowest tertile of discrimination (HR = 0.56; 95% CI: 0.32, 
0.95) (Table  4). Among older participants (≥ 58 years), 
each SD increase in discrimination score was associated 
with a lower hazard for CVD (HR = 0.70; 95% CI: 0.53, 
0.94). For each increase in standard deviation of religi-
osity, male participants had marginally higher hazard of 
CVD (HR: 1.40; 95% CI: 0.96, 2.06) (p-interaction = 0.06) 
(Table 5).

Complete case analysis
Sensitivity analyses were conducted using individuals 
with complete covariate data. These individuals were 
more likely to be female (Additional file  1: Appendix  5: 
70%) as compared to individuals with some missing 
covariate data (Table  1: 67%). Other baseline character-
istics were largely similar between groups (Additional 

Table 1  (continued)

Overall No CVD Incident CVD p-value
n 929 869 60

  Mean (SD) 9.1 (8.5) 9.1 (8.4) 10.2 (9.7)

  Lifetime discrimination (median [IQR]) 3 [2–4] 3 [2–5] 3 [1–4] 0.1
  Mean (SD) 3.2 (2.1) 3.2 (2.1) 2.8 (1.9)

  Burden of lifetime discrimination (median [IQR]) 3.5 [2–5.5] 3.5 [2–5.5] 3.5 [1.9–5.1] 0.6
  Mean (SD) 3.8 (2.4) 3.8 (2.4) 3.7 (2.3)

  Stress (median [IQR]) 4 [2–8] 4 [2–8] 4 [1.8–7.3] 0.5
  Mean (SD) 5.0 (4.3) 5.1 (4.3) 4.7 (4.0)

Negative Outlook
  Pessimism (median [IQR]) 2 [1–5] 2 [1–5] 3 [1–7] 0.02
  Mean (SD) 3.3 (3.0) 3.2 (3.0) 4.2 (3.0)

  John Henryism (median [IQR]) 30 [27–33] 30 [27–33] 31 [27–33] 0.7
  Mean (SD) 29.7 (4.3) 29.7 (4.3) 30.0 (4.6)

Negative coping resources
  Social support (median [IQR]) 6 [4–8] 6 [4–8] 6 [3–8] 0.7
  Mean (SD) 6.0 (2.6) 6.0 (2.6) 5.9 (2.9)

  Social status (median [IQR]) 3 [2–5] 3 [2–5] 3 [2–5] 0.4
  Mean (SD) 3.4 (2.0) 3.4 (2.0) 3.6 (2.0)

SD standard deviation

IQR interquartile range

CVD cardiovascular disease
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file 1: Appendix 5/Table 1). The association between psy-
chosocial components and incident CVD was largely sim-
ilar in analyses where data were imputed as compared to 
complete case analyses (Additional file 1: Appendix 6–8). 

Associations calculated in complete case analysis tended 
to be further away from the null value of 0 as compared 
to associations calculated using imputed data.

Fig. 2  Radar plots showing variables that load on each component

Table 2  Hazard ratio for the association between continuous and categorical components and risk of incident CVD

Models were adjusted for age, sex, diabetes status, dyslipidemia, hypertension, antihypertensive medication, chronic kidney disease, smoking status, body mass 
index, family history of CVD, education, income, and employment

No. of events/N:
Imputed: 60/929

Per SD Above/Below Median Tertile of Component Score

Component Name T1 T2 T3

Negative Moods 1.26 (0.97, 1.65) 1.62 (0.92, 2.85) 1 (REF) 1.64 (0.81, 3.32) 1.9 (0.93, 3.87)

Religiosity 1.52 (1.09, 2.13) 1.94 (1.1, 3.39) 1 (REF) 2.01 (0.99, 4.07) 1.9 (0.92, 3.9)

Discrimination 0.86 (0.65, 1.14) 0.95 (0.56, 1.61) 1 (REF) 0.93 (0.49, 1.75) 0.74 (0.38, 1.43)

Negative Outlook 1.14 (0.88, 1.48) 1.27 (0.73, 2.19) 1 (REF) 1.03 (0.5, 2.09) 1.31 (0.68, 2.54)

Negative coping resources 1.24 (0.93, 1.64) 1.47 (0.85, 2.55) 1 (REF) 1.52 (0.79, 2.94) 1.62 (0.81, 3.25)
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HDL as a covariate
Inclusion of HDL as a covariate did not appreciably 
change the results (data not shown).

Discussion
In this community-based study of Black adults at risk for 
CKD and CKD risk factors, PCA – a form of unsuper-
vised machine learning – identified three components 

(religiosity, discrimination, and negative moods) that a 
person would be likely to group together and two other 
components (negative coping resources and pessimism) 
that may not be intuitively combined by a person. Higher 
levels of religiosity were significantly associated with 
greater risk for CVD events. Taken together, these results 
suggest that the impact of psychosocial components on 
CVD is complex and nuanced.

Table 3  Age and sex stratified hazard ratio for association between SD increase in component and risk of CVD

All models were adjusted for age, sex, diabetes status, dyslipidemia, hypertension, antihypertensive medication, chronic kidney disease, smoking status, body mass 
index, family history of CVD, education, income, and employment

Age Sex

No. of events/N Imputed: 60/929 <  57 years
18

≥ 57 years
42

Male
26

Female
34

Negative Moods 1.43 (0.88, 2.33) 1.25 (0.90, 1.73) 1.39 (0.85, 2.27) 1.26 (0.89, 1.79)

Religiosity 1.60 (0.90, 2.83) 1.49 (0.96, 2.31) 1.76 (1.07, 2.90) 1.35 (0.79, 2.31)

Discrimination 1.25 (0.74, 2.12) 0.85 (0.60, 1.21) 0.60 (0.38, 0.96) 0.97 (0.66, 1.41)

Negative Outlook 0.92 (0.47, 1.80) 1.25 (0.92, 1.71) 1.48 (0.93, 2.34) 1.07 (0.74, 1.55)

Negative coping resources 1.21 (0.7, 2.08) 1.16 (0.79, 1.70) 1.18 (0.74, 1.89) 1.24 (0.86, 1.81)

Table 4  Hazard ratio for association between continuous and categorical component and risk of incident CVD when including 
participants with missing CKD status

All models were adjusted for age, sex, diabetes status, dyslipidemia, hypertension, antihypertensive medication, chronic kidney disease, smoking status, body mass 
index, family history of CVD, education, income, and employment

* In the main analysis,  John Henryism loaded on Negative Outlook. In analysis that includes participants with missing CKD status, John Henryism loads on Negative 
Coping Resources

No. of events/N:
Imputed: 97/1319

Per SD Above/Below Median Tertile of Component Score

Component Name T1 T2 T3

Negative Moods 1.10 (0.88, 1.37) 1.02 (0.67, 1.57) 1 (REF) 1.17 (0.69, 1.97) 1.28 (0.75, 2.19)

Religiosity 1.13 (0.89, 1.44) 1.27 (0.83, 1.95) 1 (REF) 1.10 (0.65, 1.86) 1.19 (0.69, 2.05)

Discrimination 0.80 (0.64, 1.01) 0.75 (0.49, 1.15) 1 (REF) 0.75 (0.47, 1.2) 0.56 (0.32, 0.95)

Negative Outlook* 1.11 (0.91, 1.37) 0.99 (0.65, 1.51) 1 (REF) 1.1 (0.65, 1.88) 1.2 (0.71, 2.01)

Negative coping resources* 1.11 (0.91, 1.37) 1.26 (0.83, 1.91) 1 (REF) 1.26 (0.76, 2.08) 1.39 (0.83, 2.32)

Table 5  Age and sex stratified hazard ratio for association between SD increase in component and risk of incident CVD when 
including participants with missing CKD status

All models were adjusted for age, sex, diabetes status, dyslipidemia, hypertension, antihypertensive medication, chronic kidney disease, smoking status, body mass 
index, family history of CVD, education, income, and employment

* In the main analysis,  John Henryism loaded on Negative Outlook. In analysis that includes participants with missing CKD status, John Henryism loads on Negative 
Coping Resources

Age Sex

No. of Events <  58 years
29

≥ 58 years
68

Male
36

Female
61

Negative Moods 1.31 (0.9, 1.89) 1.03 (0.79, 1.35) 1.29 (0.88, 1.9) 1.01 (0.77, 1.33)

Religiosity 1.18 (0.78, 1.79) 1.05 (0.78, 1.4) 1.4 (0.96, 2.06) 0.9 (0.64, 1.25)

Discrimination 1.01 (0.69, 1.48) 0.7 (0.53, 0.94) 0.75 (0.51, 1.11) 0.8 (0.59, 1.07)

Negative Outlook* 0.92 (0.61, 1.38) 1.22 (0.95, 1.56) 1.1 (0.76, 1.6) 1.09 (0.84, 1.41)

Negative coping resources* 1.36 (0.95, 1.95) 0.97 (0.74, 1.27) 1.06 (0.74, 1.54) 1.13 (0.87, 1.48)
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Our findings add to growing evidence of the associa-
tion of religiosity with CVD and align with several prior 
studies. In a study of 92,395 women in the Women’s 
Health Initiative Observational Study, religious affiliation 
was associated with increased risk for coronary heart 
disease morbidity, and mortality in models adjusted for 
demographic, socioeconomic, clinical, psychosocial, and 
health behavior factors [10]. In this same study, women 
who stated that religion provides “a little” or “a great 
deal” of strength and comfort as compared to women 
who stated that religion provides no strength or comfort 
were at increased risk for CVD morbidity and mortality. 
In a separate study of 5474 White, Black, Hispanic, and 
Chinese participants from the Multi-ethnic Study of Ath-
erosclerosis (MESA), individuals who participated in reli-
gious practices weekly or daily were at increased risk for 
sub-clinical CVD as measured by common carotid intima 
media thickness [11]. This study did not find a signifi-
cant positive association between religious practice and 
other sub-clinical measures of CVD. Our results support 
these latter studies in that we found a positive association 
between religiosity and CVD. There is considerably less 
research on the mechanisms that promote an association 
between greater levels of religiosity and increased risk for 
adverse health outcomes. Black adults are more likely to 
use religion and spirituality as coping mechanisms when 
confronted with health issues compared to other groups 
[32, 33]. Thus, our observation about religiosity and CVD 
may underscore broader relationships between psycho-
social stress, coping, and CVD. In our study, religiosity 
was high in the at-risk population, which may impact the 
direction of association as the association we saw may 
represent a ceiling effect on the outcome. That is, the 
variance in religiosity in this population may be relatively 
small because religiosity is high compared to the general 
population. Individuals participating in religious activi-
ties could also have differential behaviors that impact 
CVD risk, such as diet or patterns of physical activity. 
Additionally, religiosity may be a form of coping with risk 
of CVD. Recent studies have suggested that variations in 
coping strategies influence health risk [34].

Our results on religiosity also conflict with many prior 
studies. For instance, multiple studies have reported 
that religiosity and spiritualty are protective factors for 
various physical and mental health outcomes, includ-
ing heart disease, hypertension, stroke, end stage kidney 
disease, cancer, gastrointestinal disease, depression, and 
anxiety [35, 36]. The mechanisms that drive these salu-
tary associations are not completely clear, but it has been 
proposed that they include greater social support, health-
ier lifestyles, and improved psychological and biochemi-
cal markers [35, 37–42]. Religious institutions themselves 
often serve as central meeting places for people to engage 

in supportive and community-building activities [43]. 
These social interactions may help individuals’ abili-
ties to cope with stressful circumstances [44]. They may 
also improve life satisfaction, optimism, and self-esteem, 
which, in turn, may improve a person’s ability to respond 
to adversity (i.e., increase resilience) [45, 46]. Religious 
institutions could also promote healthy behaviors as 
many religions discourage tobacco and alcohol consump-
tion, drug use, and risky sexual behavior [47–49]. These 
positive health behaviors can result in lower blood pres-
sure, improved cardiac ability, and less bodily inflam-
mation, resulting in lower risk for precursors of CVD 
events. A smaller number of studies have reported that 
religiosity and spirituality are not protective for health 
outcomes [10, 11] or that there is a salutary association of 
religiosity and health outcomes [50, 51]. The baseline risk 
profile of our population describes a relatively high-risk 
group which may have impact the higher CVD risk seen 
among individuals with greater levels of religiosity. Addi-
tional research on the association between religiosity and 
health outcomes may consider including more granular 
details about how other behaviors central to specific reli-
gions (e.g., abstaining from alcohol, vegetarian diets) may 
impact risk for health outcomes.

We also found a positive (albeit non-significant) trend 
in the association between negative moods (i.e., anger 
and hostility) and increased risk of CVD events. This 
aligns with prior research among the general population 
where anger and hostility have been shown to be inde-
pendent risk factors for CVD [52, 53]. Higher levels of 
discrimination – which included stress – were associated 
with marginally decreased risk of CVD in our study. This 
unexpected result is supported by prior research in the 
JHS [30]. Sims et al. found that men participating in the 
JHS with higher levels of lifetime and everyday discrimi-
nation had lower high-sensitivity C-reactive protein lev-
els. As noted in their study, this finding may be the result 
of the relatively small male population in the study and 
the fact that the JHS male cohort – that is, older, lower 
SES, and Black – are underrepresented in epidemiologic 
research [54, 55]. Other studies of stress and CVD have 
focused on employment-related stressors and noted that 
high work-related effort with low job control/rewards 
may negatively impact cardiovascular health [56]. Less 
has been published on the association between compos-
ite measures of stress and CVD. The Multiple Risk Fac-
tor Intervention Trial study did report an increased risk 
for CVD mortality related to work and marital stress-
ors [57]. There are potentially multiple explanations for 
these findings. Studies of the association between anger/
hostility and stress/social support and CVD have mainly 
reported findings on white men. Our study included 
Black men and women, in whom the association between 
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anger/hostility and stressors and CVD may differ from 
that of white men and women. Also, we used a compos-
ite measure of discrimination summarized through PCA, 
including measures for stress, employment, relationships, 
neighborhood, caring for others, legal problems, medical 
problems, racism and discrimination, and meeting basic 
needs. This composite measure captures the synergistic 
effect of these moods/stressors on cardiovascular health. 
Perhaps this composite represents a more real-world 
cumulative depiction of how moods/stress impact CVD 
among Black adults.

Our study did have limitations. The JHS is restricted to 
a Black population in a distinct geographic region around 
Jackson, Mississippi, limiting the generalizability of our 
findings in Black adults outside of Jackson MS. Also, psy-
chosocial factors were only assessed at baseline within 
our study, and they may not reflect changes that occur 
over time. Future work may want to explore the impact 
of longitudinal (or time-varying) measures of psycho-
social factors on risk of CVD. The rotated PCA we con-
ducted has inherent limitations. We applied heuristics 
to the derived components; heuristics are subjective and 
different heuristics can be applied to these components 
by different people. In sensitivity analysis that included 
participants with missing CKD information or covari-
ate information, associations were attenuated, albeit in 
a similar direction to the main associations, suggesting 
that those with missing CKD or covariate information 
may be at lower risk for CVD. The relatively small num-
ber of outcomes [58, 59] limited our ability to conduct 
subgroup analyses but were in line with prior studies that 
use JHS data and other cohorts. In two studies using par-
ticipants from the Atherosclerosis Risk in Communities 
(ARIC) study, CVD developed in 19–26% of the Black 
participants over a median of 8.5–11 years. Of note, CVD 
was defined here as probable or definite stroke, coro-
nary heart disease (CHD), defined as myocardial infarc-
tion, revascularization procedure or congestive heart 
failure (CHF). CHF was not included as an outcome in 
our study. The ARIC study enrolled participants prior to 
statins becoming widely available and there have been 
numerous advances in CVD treatment. A more compara-
ble population may be in the Reasons for Geographic and 
Racial Differences in Stroke (REGARDS) study; baseline 
information was collected from 2003 to 2007 [59]. Par-
ticipants included 10,348 black individuals with a mean 
age of 64 years. Over a 4-year follow-up period, 2.8% of 
the black participants developed CHD. In a study that 
looked at the risk for CVD among JHS participants with 
prediabetes and/or hypertension over a mean of 11 years, 
3–15% of participants developed CVD, defined as prob-
ably or definite CHD, stroke, or CHF [58]. If CVD was 
defined only by CHD and/or stroke (as we did in our 

study), the proportion developing CVD ranged from 
2 to 11%. Notwithstanding these limitations, the JHS is 
the largest study of CVD within African Americans and 
is unique in its robust, validated measures of psychoso-
cial factors. Additionally, this study has a long follow-up 
period with adjudicated outcomes.

Conclusions
In conclusion, we observed that increased religiosity was 
associated with greater risk of CVD events among Black 
adults with CKD or CKD risk factors. Future studies 
are needed to investigate potential social and biological 
mechanisms for these associations and to develop and 
evaluate potential targeted interventions.
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