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Abstract
Background Prayer is often used to cope with racism-related
stress. Little is known about its impact on cardiovascular
function.
Purpose This study examined how prayer coping relates to
cardiovascular reactivity (CVR), post-stress recovery, and af-
fective reactivity in response to racism-related stress.
Methods African American women (n=81; mean age=20 years)
reported their use of prayer coping on the Perceived Racism
Scale and completed anger recall and racism recall tasks while
undergoing monitoring of systolic and diastolic blood pressure
(DBP), heart rate, heart rate variability (HRV), and hemody-
namic measures. Prayer coping was examined for associations
with CVR, recovery, and affective change scores using general
linear models with repeated measures.
Results Higher prayer coping was associated with decreased
state stress and DBP reactivity during racism recall (p's<0.05)
and with decreased DBP and increased HRV during racism
recall recovery(p 's<0.05).
Conclusions Coping with racism by utilizing prayer may
have cardiovascular benefits for African American women.

Keywords Prayer . Blood pressure . Heart rate variability .

Racism . Coping . Cardiovascular reactivity

Introduction

The adverse effects of stress on the cardiovascular system are
well documented [1]. Adaptive andmaladaptive strategies used
by individuals to cope with stressors can either attenuate or
augment the negative impact of stress on cardiovascular health
[1]. Research has been emerging on spirituality/religiosity as a
potential buffer against the negative impact of stress on phys-
ical health [2–4]. Higher levels of spirituality/religiosity have
been associated with favorable levels of cardiovascular param-
eters at rest and during exposure tomental stress [5–12], though
not consistently [4, 13, 14]. A review of religiosity/spirituality
and health suggested that more attention should be given to
specific practices, such as prayer [15].

In light of its suggested association with reduced sympa-
thetic nervous system activity [16], prayer may be particularly
relevant to the sympathetically mediated increases in blood
pressure that are observed in studies of cardiovascular reactiv-
ity (CVR) to mental stressors [17]. Longitudinal studies have
linked CVR and prolonged elevations after stress exposure to
hypertension and atherosclerosis [17]. Research on prayer and
cardiovascular health has produced mixed results and has
largely focused on general frequency of prayer during a spec-
ified time interval rather than stressor-specific coping behavior
[16, 18–22]. Prayer has been linked to lower blood pressure
[18], enhanced heart rate variability (HRV) [19], and lower
cardiovascular disease (CVD) [20]. Only two studies of prayer
and cardiovascular health have reported data on African
Americans [18, 21], with no studies reporting such data spe-
cifically for African American women.

African American women have disproportionately high
rates of premature CVD [23, 24]. One contributor to these
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high rates of CVD in African American women may be
racism-related stress, given the links between stress and CVD
[1] and the research linking racism/racial discrimination to
higher blood pressure, hypertension, and subclinical coronary
heart disease [25–27].

Among African Americans, particularly African American
women, prayer is often used when coping with stressful situ-
ations [28–30], including experiences of perceived racism [30,
31]. Perceived racism can be a source of stress that often
produces negative emotions (e.g., anxiety), particularly anger
[32]. Research has emerged examining how individuals cope
with racism-related stress [25, 26, 30]. However, little is
known about the impact of specific coping strategies, such as
prayer, on cardiovascular function during exposure to racism-
related stress.

In an effort to increase understanding of context-specific
strategies of coping with stressors [33] that may mitigate
adverse effects on cardiovascular health, this study examined
how prayer coping relates to CVR, post-stress recovery, and
negative affect in response to racism-related stress. It was
hypothesized that the use of prayer in coping with racism
would be associated with reduced subjective stress accompa-
nied by a less adverse cardiovascular response when exposed
to a racism-related stress task. Negative state affect during
experimental tasks was explored for mediating or moderating
effects on associations observed between prayer coping and
cardiovascular responses.

Methods

Participants

The sample included 81 non-smoking, healthy, African
American (self-identified, with two parents of African descent)
women, who were undergraduate and graduate students of a
predominantlyWhite mid-Atlantic state university. Themajority
were lifelong U.S. residents. Approximately 9 % of the sample
(n =7) had spent ≥50 % of their lives outside of the U.S. in
African (n=5), European (n=1), or Caribbean (n=1) countries,
but all had been in the U.S. ≥2 years.

Volunteers were recruited on campus through classes, orga-
nizations, and advertisements to participate in a "Cardiovascular
Study of Stress in African American Women." The target age
range was between 18 and 30 years old in order to control for
cohort effects and to obtain a healthier sample with a relatively
homogeneous level of cardiovascular risk. Study exclusions
were hypertension (i.e., blood pressure ≥140/90 mmHg) and
moderate to extreme obesity [body mass index (BMI)
≥34.9 kg/m2], as well as self-reported history of CVD, diabe-
tes, and any other major chronic medical or psychiatric ill-
nesses; smoking, current pregnancy, usage of cardioactive
medications, and consumption of >14 alcohol drinks per week.

Written informed consent was obtained as directed by the
university's Institutional Review Board. All participants earned
20 dollars, while eligible students also earned extra credit
points.

Procedures

After affirming their adherence to the required 12-h avoidance
of caffeine and alcohol, participants' were measured to con-
firm that they met the inclusion criteria for BMI. They then
provided data on their menstrual cycle and use of oral contra-
ceptives. In preparation for the recall tasks, participants were
asked to identify two experiences from their personal lives:
(1) a general anger-evoking experience that the participant
deemed to be non-racial (for an anger recall task) and (2) a
racially based experience that the participant perceived as
racial mistreatment/disrespect (for a racism recall task). To
ensure that both experiences had sufficient emotional potency
for the participants, ratings of how angry/upset they were
during each experience had to be ≥4 on a scale of 0 to 10
(0="not at all" to 10="extremely so") using one-item screen-
ings created for this purpose.

Participants were then hooked up to cardiovascular moni-
toring equipment in a temperature-controlled, sound-attenuated
experimental room, where they were left alone in the room
to rest quietly for 15 min while seated with legs uncrossed in
a comfortable chair. Following the rest period, an African
American female experimenter re-entered the room to engage
the participant in the following 3-min experimental tasks: anger
recall, racism recall, and neutral speaking (all of which were
counterbalanced, tape-recorded, and preceded by 1 min of
preparation time). (Note: The neutral speaking task was not
analyzed in the current study, because it was not intended to
elicit a substantive cardiovascular or emotional response). After
each stress task, the experimenter left participants alone in the
room for 5 min of post-stress recovery and a 5-min rest period,
before returning to administer an assessment of state affect in
response to the most recently completed experimental task.
Once the cardiovascular monitoring equipment was removed,
participants completed a series of psychosocial questionnaires,
then were debriefed and compensated.

Experimental Tasks

Anger Recall Task

Often used in laboratory studies of anger, we modified the
instructions used in Waldstein et al. [34] to ask participants to
give a detailed account of a non-racial personal experience in
which they felt angry, irritated, annoyed, or upset. After being
allowed 1 min to mentally prepare, they spoke for 3 min as
they "re-lived" the details of their anger-evoking experience.
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Prompts selected from a designated list were provided to elicit
a full 3 min of speech, if needed.

Racism Recall Task

Adapted from the anger recall task, a racism recall task was
developed for this study to tap into feelings evoked by "re-
living" a past personal experience of mistreatment or disre-
spect that participants attributed to racism. After 1 min of
mental preparation, participants discussed the details of their
racism experience for 3 min. Prompts selected from a desig-
nated list were given if needed to help the participant sustain
three full minutes of speech.

[The protocol also included a 3-min neutral speaking task,
which involved participants reading aloud from an article about
the solar system in order to provide an emotionally neutral
contrast to the emotionally charged anger and racism recall tasks.
It was excluded from the current analyses on racism-related
prayer coping.]

Measures

Predictor Variable—Prayer Coping

Perceived Racism Scale (PRS): Prayer Coping The PRS ex-
amines multiple dimensions of perceived racism (e.g., coping,
frequency) in African Americans [35]. It assesses prayer as a
behavioral/coping response by asking respondents how they
"generally deal" with exposure to racism across four domains:
(1) racism-related statements; (2) racism experienced at work;
(3) racism experienced at school; and (4) racism experienced
in public. Scores for endorsements of prayer coping were
summed across the four domains for a total score ranging
from 0 to 4. [PRS scores for perceived racism frequency are
included for descriptive purposes only and were not ana-
lyzed.) The PRS has demonstrated good validity and adequate
test–retest reliability [28, 35–37]. Internal consistency of PRS-
Prayer Coping in the current study was good with a Cronbach
alpha coefficient of 0.86.

Dependent Variables: CVR and Post-stress Recovery

Prayer coping was examined for associations with CVR and
post-stress recovery change scores of systolic and diastolic
blood pressure (SBP, DBP), heart rate (HR), cardiac pre-
ejection period (PEP), cardiac index (CI) (i.e., cardiac output
or CO adjusted for body size), stroke index (SI) (i.e., stroke
volume (SV) adjusted for body size), total peripheral resis-
tance (TPR), and HRV.

In response to stress, SBP, DBP, and HR usually increase
and HRV decreases. African Americans often exhibit a vascu-
lar (versus cardiac) reactivity pattern, with SBP, DBP, and HR
stress responses showing an underlying hemodynamic pattern

of greatly increased TPR and small-to-moderate declines in
PEP, CO, and SV [38]. PEP varies inversely with degree of
sympathetic activation (i.e., shorter PEP indicates greater sym-
pathetic arousal) of the heart, while reduced HRV reflects
reduced parasympathetic cardiac control and/or increased sym-
pathetic activation. The volume of blood pumped from the left
ventricle is a positive indicator of cardiac function, as measured
by SV (i.e., blood volume pumped with each heartbeat) and
CO (blood volume pumped per minute). Increased TPR (i.e.,
total resistance to blood flow) reflects vasoconstriction [38].

Data were collected as follows. SBP andDBPwere assessed
oscillometrically (cuff on non-dominant arm) with a Dinamap
Vital Signs Monitor [model 8100; Critikon (Johnson &
Johnson), Tampa, FL] at 60-s intervals. HR measurements
were obtained from an electrocardiogram (ECG) with two
electrodes attached bilaterally to the chest. Heart sounds were
detected with a Hewlett-Packard Contract Transducer (Model #
21050A) positioned at the second intercostal space on the left
sternal border. Grass biological amplifiers provided filtering
and amplification of ECG and heart sound signals. Non-
invasive estimates of PEP, CO, SV, and TPR were derived
using cardiovascular signals from ECG, heart sounds, dZ/dt
(first derivative of the change in thoracic impedance), and Zo
(basal thoracic impedance) [IFM Minnesota Impedance
Cardiograph, model 304B], with a tetrapolar band-electrode
configuration [39]. Signals were acquired continuously using
computerized analog-to-digital conversion at a rate of 1,000
samples per second [40].

HRV data were obtained with an Ambulatory Monitoring
System (version 4.4, TD-FPP, Vrije Universiteit, Amsterdam,
The Netherlands), as previously described [41]. Using a three-
electrode configuration, the device records the time in milli-
seconds of raw R-wave inter-beat intervals from the ECG and
derives root mean square of successive differences (rMSSD)
of inter-beat intervals. The rMSSD is a reliable index of
cardiac parasympathetic influences and is recommended as a
measure of vagally mediated HRV [42].

Dependent Variables: Affective Reactivity to Recall Tasks

The association between prayer coping and affective reactivity
was examined using separate reactivity change scores for state:
(1) anger, (2) anxiety, and (3) stress. To assess state affect
during the baseline and task periods, participants completed
the state portion of the Spielberger State-Trait Personality
Inventory [43]. It had been modified to ask respondents how
they "felt" (rather than "feel") during the respective period and
to include one additional item that assessed state stress ("I felt
stressed"). Responses to the state anger and anxiety subscales
(ten items each), along with the added stress item, were on a
four-point scale (1: "not at all" to 4: "very much so"). Higher
change scores indicated higher affective responses to tasks.
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Covariate Measures

In addition to cardiovascular/affective baselines, analyses
were adjusted for biomedical and psychosocial confounders,
which were measured as described below.

Cardiovascular/Affective Baselines Mean resting baseline
levels of cardiovascular and affective parameters were covar-
iates due to their influences on analyses of CVR with post-
stress recovery and affective reactivity, respectively [38].

Biomedical Self-reported data on oral contraceptive use and
menstrual cycle were collected due to research linking both
factors to CVR and affective responses [44, 45]. After weight
was assessed on a calibrated scale, BMI was calculated as
weight (kilograms) divided by height (meters squared).

Psychosocial: Chronic Stress In light of the links between
chronic stress and cardiovascular outcomes [1], perceived
chronic stress was considered a potential confounder in the
current analyses of responses to experimental stressors. The
14-item Perceived Stress Scale was administered to assess
how frequently during the past month respondents felt that
their lives were unpredictable, uncontrollable, or overloaded,
using a five-point Likert scale (0: "never" to 4: "very often")
[46]. This global measure of perceived stress assesses various
sources of chronic stress (e.g., ongoing life circumstances,
expectations about future events, reactions to specific events).
Higher scores indicate higher chronic stress.

Psychosocial: Anger Coping Individuals may cope with
anger-provoking experiences (e.g., perceived racism) using
approaches other than prayer. Given the literature linking
anger coping style with cardiovascular outcomes [47, 48],
the Anger-In, Anger-Out, and Anger-Control subscales of
the widely used Speilberger Anger Expression Inventory
[49] were examined as potential confounders in the current
analyses. Each of the eight-item subscales assesses respon-
dents' habitual efforts to inhibit (Anger-In), express outwardly
(Anger-Out), or control anger (Anger-Control) as personality
traits using a four-point scale (1: "almost never" to 4: "almost
always"). Higher scores indicate higher levels of the particular
anger coping style.

Exploratory Mediator or Moderator Variable: Task-Related
Negative Affect

Task-Related Negative Affect The emotional responses to the
recall tasks (i.e., manipulation checks) could mediate or mod-
erate the association [50] between prayer coping and cardiovas-
cular responses. Using data collected from amodified Spielberger
State-Trait Personality Inventory [43] (see Dependent Variables:
Affective Reactivity), total negative affect was computed by

summing scores for state anger, anxiety, and stress during
the anger recall and racism recall. Higher scores indicated
higher negative affect.

Data Analyses

Data Reduction

Averages of baseline, stress task, and post-stress recovery
periods were computed for SBP, DBP, HR, PEP, CI, SI, TPR,
and HRV. CVR change (or delta) scores were calculated as
mean stress task scores minus mean baseline scores to repre-
sent an index of recall task-induced changes. Change scores for
post-stress recovery relative to pre-stress (baseline) levels were
calculated (mean recovery score minusmean baseline score) to
evaluate the degree to which cardiovascular parameters return
to baseline levels [51].

The calculations for CVR change scores used the average
of readings from the rest period immediately preceding the
task as the mean baseline. The mean baselines for SBP and
DBP were computed as the average of the last four SBP and
DBP readings of the respective rest period. The mean base-
lines for HR, PEP, CI, SI, TPR, and HRV were based on
averages of continuous measures obtained during the respec-
tive rest period.

Mean task and post-stress recovery levels were calculated
for SBP and DBP by averaging the four readings taken during
each task and the five readings taken during each recovery,
respectively. For HRV, HR, PEP, CI, SI, and TPR, mean task
and recovery levels were derived from continuous measures
throughout the task and recovery periods. A customized pro-
gram for time domain analyses [41] produced averaged (30-s
intervals) measures of rMSSD (i.e., HRV), as well as HR.
Custom software for impedance data [39] was used to derive
mean task and post-recovery levels of PEP, CI, SI, and TPR.

For these impedance data, software [39] was used to
ensemble-average (synchronized averaging of ECG and dZ/dt
signals over consecutive cardiac cycles) and score continuous
ECG and impedance waveforms in 30-s intervals for the last
6min of baseline and for the entire task and post-stress recovery
periods. The systolic time intervals of PEP and left ventricular
ejection time were coded in milliseconds using the intervals of
the Q-wave of the digitized ECG to the B-point of the dZ/dt
waveform and the B-point to X-wave of the dZ/dT waveform
(i.e., coincident with the closure of the aortic valve—the second
heart sound). Using a fixed value of 135 ohm*cm to estimate
blood resistivity (rho), SVwas calculated based on the Kubicek
equation [52]: SV=[rho (L/Z0)

2×left ventricular ejection time×
dZ/dt (max)]. CO and TPR were calculated as [CO=(HR×SV)/
1,000] and [TPR=(mean arterial pressure/CO)×80]. To adjust
for differences in participants' body sizes, CO and SV were
divided by body surface area [weight (kg).425×height (cm).725×
0.007184] to produce CI and SI, respectively [39].
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For affective reactivity, change scores for state anger, state
anxiety, and state stress were calculated as mean task affect
scores minus mean baseline affect scores to represent an index
of recall task-induced changes in state affect.

Data Analysis

An a priori power analysis [power=0.80; alpha=0.05] indicat-
ed that 80 participants would be sufficient to detect medium-
to-large effects, like those found for blood pressure responses
in conceptually similar studies [37, 53, 54], in a regression
model adjusted for six covariates. While power was increased
due to the use of repeated-measures analyses with a continu-
ous predictor, 81 subjects were examined to compensate for
data loss due to equipment malfunction.

The primary analyses were a series of repeated-measures
general linear models (GLMs) to examine prayer coping
(continuous measure) for multivariate effects (across task/
recovery periods) and univariate effects (for an individual task
or recovery period) on CVR and post-stress recovery, as well
as affective reactivity. The dependent variables in these
models were task or post-stress recovery change scores for
SBP, DBP, HR, PEP, CI, SI, TPR, and HRV, along with task
change scores for state anger, anxiety, and stress. Effect sizes
are partial eta squared (η p

2; i.e., percentage of variance
accounted for). Exploratory analyses of total task-related neg-
ative affect as a mediator or moderator of associations found
between prayer coping and CVR/post-stress recovery mea-
sures were conducted with hierarchical regressions as de-
scribed by Baron and Kenny [50].

Each GLM for CVR, post-stress recovery, and affective reac-
tivity used a standard set of covariates, with exceptions as noted:
baseline, BMI (only in cardiovascular GLMs), oral contraceptive
use, menstrual phase, and scores from the Perceived Stress Scale,
Anger-In subscale, and Anger Control–Anger Out composite.
Due to significant correlation between the Spielberger Anger-
Control and Anger-Out subscales (r =−0.60, p <0.001), an
Anger Control–Anger Out coping composite score was created
using the approach (anger control minus anger out) reported by a
comparable CVR study [48] that found similar redundancy
between these two 8-item subscales. (Anger-In was not signifi-
cantly correlated with Anger-Out or Anger-Control). The vari-
ables included as covariates in the respective sets of CVR/post-
stress recovery and affective reactivity analyses were selected
based on prior research [1, 16, 38, 44, 45, 47, 48] and their
correlations (p<0.09) with at least one outcome variable in the
respective set of analyses.

Although continuous prayer coping scores were used in all
GLMs and regressions in the primary and exploratory analy-
ses, sample characteristics are provided in terms of prayer
coping users versus non-users for descriptive purposes only.
Due to mechanical errors, the sample size was reduced for
HRVand HR (n 's=80) and for PEP, CI, SI, and TPR (n 's=77).

Results

Approximately 49 % of these young African American wom-
en reported using prayer as a coping strategy for at least one
type of racism experience. Prayer coping was used most often
in response to racism experienced in academic settings.

For descriptive purposes, sample characteristics (Table 1) are
provided with participants categorized according to whether
they reported no use of prayer coping (prayer coping non-
users) or reported using prayer coping in response to at least
one type of racism experience (prayer coping users). Participants
who reported no use of prayer coping had higher resting (pre-
experimental) levels of SBP (p<0.01), DBP, TPR, and lower SI
(p 's<0.05). Non-users of prayer coping also had lower Anger-
Control and higher Anger-Out scores (p 's<0.05). Users and
non-users of prayer coping did not differ significantly on any
other psychosocial factor and were similar in terms of other
covariates.

Negative affect scores (i.e., manipulation checks) (Table 1)
suggest that participants were emotionally and cognitively
engaged in the tasks and that the racism and anger recall tasks
were effective in evoking stress, anger, and/or anxiety. The
mean levels of state anger during the racism and anger recall
tasks were similar, with slightly higher mean scores for stress
(p <0.05) and anxiety (p =0.05) reported during the anger
recall than the racism recall (p <0.05).

Table 2 details the means of cardiovascular parameters
during the experimental session. The anger recall task and
the new racism recall task developed specifically for this study
produced similarly potent cardiovascular responses as mea-
sured by task and recovery levels and change scores for CVR
and post-stress recovery. The only significant difference was
for mean DBP post-stress recovery change scores (relative to
baseline), such that mean DBP remained well above baseline
after racism recall but quickly returned toward baseline levels
after anger recall (p <0.001). In addition, TPR reactivity was
slightly higher during the racism recall than anger recall (p =
0.08).

As shown in the table of unadjusted bivariate correlations
(Table 3), prayer coping was positively related to HRV levels
after the racism recall task (p <0.01) and inversely related to
DBP levels during and after that task (p ’s<0.05). Perceived
stress, anger-in, and anger control-out composite scores were
each related to multiple cardiovascular measures (p ’s<0.05),
with the strongest correlation found between higher anger
control-out scores and higher SBP levels during the anger
recall recovery(p <0.01). The follicular menstrual phase was
correlated with greater SBP and TPR reactivity to the racism
recall (p ’s<0.05), while oral contraceptive use was correlated
with higher resting HR and greater PEP during the anger recall
(p ’s<0.01).

The GLMs of prayer coping on affective reactivity to the
recall tasks (Table 4) indicated that higher prayer coping was
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associated with lower state stress reactivity to the racism recall
(p <0.05; ηp

2=0.05) and explained 5 % of the variance in the
model. Prayer coping did not have significant univariate or
multivariate effects on state anger or anxiety reactivity. Aside
from the affective baselines being related to respective affec-
tive reactivity scores, the only other significant association
was between higher chronic stress (i.e., the Perceived Stress
Scale) and greater anxiety response to the racism recall (p <
0.05).

Table 5 shows the results of GLMs conducted for prayer
coping on CVR to the recall tasks and recovery after the tasks.
The results are described below.

GLMs: Prayer Coping on CVR to Stress

Multivariate analyses (Table 5) indicated that prayer coping
was significantly related to DBP reactivity across the tasks
[F(1, 72=8.25, p <0.01; ηp

2=0.10 ). Similar to the unadjusted
bivariate correlation, higher prayer coping was associated
with lower DBP during the racism recall after adjustment for
covariates (p <0.05, ηp

2=0.07). Prayer coping accounted for
7 % of the variance in the model of DBP reactivity to the
racism recall.

Regarding HR reactivity, univariate analyses indicated that
higher prayer coping was marginally associated with lower

Table 1 Sample characteristics (n =81)

Prayer coping non-users (n =41) Prayer coping users (n =40) Total sample (N =81)
Mean (SD) or % Mean (SD) or % Mean (SD) or %

Demographics (descriptive purposes only)

Age (years) 19.76 (2.22) 19.88 (2.00) 19.81 (2.10)

U.S. birthplace (%) 78.00 85.00 81.50

US resident ≥half of lifetime (%) 87.80 95.00 91.40

Perceived racism (descriptive purposes only)
PRS-Lifetime Experiences subscale

51.93 (20.15) 59.98 (21.01) 55.90 (20.84)

Body mass index (kg/m2) 23.80 (3.69) 24.41 (3.57) 24.10 (3.62)

Menstrual cycle (% follicular) 65.90 47.50 56.80

Oral contraceptive use (%) 26.80 20.00 23.50

Perceived Stress Scale 29.02 (6.75) 28.55 (6.03) 28.79 (6.37)

Anger coping: inhibited (Anger-In) 18.17 (4.91) 19.35 (4.90) 18.75 (4.91)

Anger coping: expressed (Anger-Out)* 16.54 (3.72) 14.88 (2.95) 15.72 (3.44)

Anger coping: controlled (Anger Control)* 22.88 (4.69) 25.20 (4.32) 24.02(4.63)

State anger baseline 10.95 (1.95) 10.43 (0.81) 10.69 (1.51)

State anxiety baseline 15.32 (4.17) 15.10 (3.19) 15.21 (3.70)

State stress baseline 1.66(0.79) 1.60(0.84) 1.63(0.81)

Total task-related negative state affect includes:
(descriptive purposes only)

91.56 (17.76) 90.88 (18.17) 91.22(17.86)

[State anger: anger recall] [20.05 (5.34)] [21.13 (6.60)] [20.58 (5.98)]

[State anger: racism recall] [20.44 (6.74)] [19.95 (5.88)] [20.20 (6.30)]

[State anxiety: anger recall] [23.85 (4.92)] [22.58 (3.81)] [23.22 (4.43)]

[State anxiety: racism recall] [22.32 (3.50)] (22.80 (3.87)] [22.56 (3.67)]

[State stress: anger recall] [2.54 (0.84)] [2.35 (1.03)] [2.44 (0.94)]

[State stress: racism recall] [2.37 (0.83)] [2.08 (0.92)] [2.22 (0.88)]

Resting SBP (mmHg)** 107.09 (6.50) 102.95 (7.26) 105.05 (7.15)

Resting DBP(mmHg)* 59.27 (5.52) 56.14 (8.15) 57.73 (7.08)

Resting HR (bpm) 73.88 (7.53) 70.40 (10.81) 72.16 (9.40)

Resting PEP (ms) 110.30 (10.20) 107.01 (13.37) 108.63 (11.94)

Resting CI (L/min/m2) 3.68 (0.93) 3.98 (1.02) 3.83 (0.98)

Resting SI (ml/beat/m2 ) * 51.82 (14.95) 58.84 (15.06) 55.37(15.31)

Resting TPR(dyn/cm5/s) * 1,094.94 (399.99) 927.49 (269.12) 1,010.13 (348.14)

Resting HRV (rMSSD) (ms) 58.81 (30.98) 69.25 (41.55) 63.97 (36.73)

Resting SBP, DBP, HR, PEP, CI, SI, TPR, and HRV were derived from the initial resting baseline readings before initiation of any stress tasks

PRS Perceived Racism Scale, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, PEP pre-ejection period, SI stroke index, CI
cardiac index, TPR total peripheral resistance, HRV heart rate variability

**p <0.01; *p <0.05 (two-tailed)
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HR reactivity during racism recall (p <0.07; ηp
2=0.05). Prayer

coping was not associated with HR reactivity in multivariate
analyses.

After adjustment for covariates, prayer coping was not
significantly related to SBP, PEP, CI, SI, TPR, or HRV reactiv-
ity in multivariate or univariate analyses (p 's>0.05). However,
higher anger-in scores were associated with lower TPR reac-
tivity during the racism recall, while higher anger control-out
scores and higher perceived stress scores were associated with
lower DBP and higher PEP reactivity, respectively, during the
anger recall (p’s<0.05).

GLMs: Prayer Coping on Post-stress Cardiovascular
Recovery

The GLMs for prayer coping on post-stress recovery (Table 5)
showed that prayer coping had significantmultivariate effects on
DBP recovery [F(1,72)=12.26, p=0.001; ηp

2=0.15]. Similar to
the unadjusted bivariate correlation, the adjusted GLM indicated
that higher prayer coping scores were associated with lower
DBP during recovery from the racism recall (p<0.01; ηp

2=
0.10) and explained 10 % of the variance in the model.
However, higher prayer coping also was associated with higher
DBP during recovery from the anger recall (p<0.01; ηp

2=0.13).
Consistent with the unadjusted bivariate correlation, higher

prayer coping remained associated with higher HRV during
the racism recall recovery (p <0.01, ηp

2=0.11) after adjust-
ment for covariates and accounted for 11 % of the variance
explained by the model. Prayer coping was not significant in
multivariate analyses of HRVacross recovery periods.

No significant multivariate or univariate effects were found
for prayer coping on SBP, HR, PEP, CI, SI, or TPR during post-
stress recovery. However, higher anger-in scoreswere associated
with lower SBP during racism recall recovery, while higher
anger control-out scores were related to higher SBP during
anger recall recovery (p’s<0.05).

Exploratory Analyses: Mediation or Moderation
by Task-Related Negative Affect

Negative affect during recall tasks was not significantly corre-
lated with prayer coping; thus, it did not meet the guideline for
mediation analysis [50]. However, hierarchical regressions were
conducted to examine it for moderating effects on the significant
associations observed for prayer coping with DBP and HR
reactivity and with post-stress recovery of DBP and HRV.
Based on a significant regression coefficient for the product
term of prayer coping×negative affect (entered in the regression
after prayer coping and negative affect were entered in the
regression separately) [50], negative affect had a significant
moderator effect (β=−0.1.18, p<0.05) on HR reactivity to the
racism recall. That is, those with lower prayer coping had higher
HR reactivity, if they also had higher negative affect. Negative
affect did not moderate any other observed associations.

Discussion

To our knowledge, this is the first study to examine how self-
reported prayer, as a coping strategy for racism-related stress,

Table 2 Cardiovascular mean levels and change scores: task and recovery periods

Session period SBP (mmHg),
M (SD)

DBP (mmHg),
M (SD)

HR (bpm),
M (SD)

PEP (ms),
M (SD)

SI (ml/beat),
M (SD)

CI (l/min),
M (SD)

TPR (dyn/cm5/s),
M (SD)

HRV (ms),
M (SD)

Baseline# 106.48 (7.11) 54.43 (6.76) 72.18 (9.48) 109.49 (11.22) 54.16 (14.68) 3.80 (0.96) 1,022.19 (353.88) 62.20 (35.16)

Anger recall

Task level 116.58 (9.34) 67.23 (9.04) 83.39 (9.42) 109.05 (10.51) 45.92 (13.15) 3.73 (1.04) 1,214.57 (443.66) 44.17 (33.94)

ΔTask-baseline† +10.37 (6.54) +11.58 (5.85) +11.19 (6.64) −0.37 (7.96) −8.28 (7.38) −0.06 (0.52) +180.50 (229.67) −19.62 (34.70)
Recovery level 108.34 (7.59) 55.29 (8.14) 73.37 (9.28) 108.46 (11.30) 52.22 (15.26) 3.74 (1.02) 1,063.17 (388.76) 56.91 (32.64)

ΔRecovery-
baseline

+2.12 (3.82) −0.37(3.78) +1.16 (3.61) −0.96 (5.64) −1.98 (6.26) −0.05 (0.36) +29.10 (132.73) −6.88 (15.15)

Racism recall

Task level 117.23 (9.52) 66.38 (8.59) 83.58 (9.15) 109.87 (11.18) 45.42 (13.15) 3.72 (0.99) 1,226.00 (445.80) 41.61 (22.81)

ΔTask-baseline +11.26 (7.45) +11.17 (6.68) +11.26 (6.00) +0.57 (6.24) −9.49 (6.61) −0.13 (0.40) +225.04 (209.48) −22.18 (25.90)
Recovery level 108.34 (7.56) 55.35 (7.73) 72.89 (9.00) 108.28 (11.98) 53.00 (15.24) 3.76 (1.00) 1,057.86 (380.77) 57.99 (31.27)

ΔRecovery-
baseline**

+2.64 (3.80) +16.09 (24.90) +0.57 (3.32) −1.02 (4.79) −1.91 (5.55) −0.09( 0.32) +56.90 (132.15) −5.80 (15.92)

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, PEP pre-ejection period, SI stroke index, CI cardiac index, TPR total
peripheral resistance, HRV heart rate variability
# Baseline refers to resting readings collapsed across initial baselines and the 5-min rest periods that followed recovery periods
** Recovery to baseline mean change scores for DBP were significantly higher for racism recall than anger recall (p<0.001)
†Task-baseline reactivity mean change scores for TPR were slightly higher during the racism recall than anger recall (p=0.08)
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Table 3 Bivariate correlations (unadjusted): prayer coping and covariates with cardiovascular and affective measures

Prayer coping BMI Menstrual Oral contraceptives Perceived stress Anger-In Anger Control-Out

Prayer coping – 0.07 0.24 * −0.05 −0.04 0.06 0.26 *

State anger baseline −0.17 −0.12 −0.06 0.13 0.06 0.01 −0.03
State anxiety baseline −0.08 0.01 0.01 0.19 0.23* 0.19 −0.14
State stress baseline −0.08 −0.06 0.00 0.11 0.20 0.04 −0.03
ΔState snger: anger recall 0.13 0.11 0.08 0.09 0.13 0.01 −0.20
ΔState anger: racism recall 0.05 0.15 0.02 0.08 −0.06 −0.13 −0.12
ΔState anxiety: anger recall −0.03 0.06 −0.10 −0.21 0.00 −0.15 0.02

ΔState anxiety: racism recall 0.09 0.01 −0.13 −0.22 0.06 −0.10 0.08

ΔState stress: anger recall −0.10 0.00 −0.02 0.01 0.01 0.04 −0.10
ΔState sress: racism recall −0.10 −0.07 0.04 −0.07 −0.11 −0.12 0.10

SBP baseline −0.16 0.34 ** −0.15 0.18 0.16 0.10 −0.07
DBP baseline −0.09 0.11 0.03 0.06 0.01 0.06 −0.18
HR baseline −0.19 0.08 −0.08 0.29 ** 0.14 0.06 −0.22
PEP baseline 0.01 0.06 0.10 −0.07 −0.10 0.00 0.07

CI baseline 0.07 −0.32 ** −0.03 −0.05 −0.02 0.04 −0.02
SI baseline 0.13 −0.32 ** 0.00 −0.15 0.11 0.00 0.08

TPR baseline −0.13 −0.02 −0.07 0.02 0.01 −0.04 0.00

HRV baseline 0.02 −0.11 −0.08 −0.17 −0.05 0.06 0.11

ΔSBP anger recall −0.06 −0.14 −0.06 −0.07 −0.06 −0.07 −0.05
ΔSBP racism recall −0.09 −0.01 −0.26 * −0.06 0.03 −0.11 −0.07
ΔDBP anger recall 0.13 0.08 −0.05 −0.01 −0.06 0.01 −0.16
ΔDBP racism recall −0.26 * −0.03 −0.14 0.01 0.00 −0.03 0.08

Δ HR anger recall −0.14 −0.24 * −0.03 −0.07 −0.16 −0.19 0.07

Δ HR racism recall −0.18 −0.16 −0.01 −0.08 −0.12 −0.20 −0.05
Δ PEP anger Recall 0.11 0.13 0.03 0.30 ** 0.25 * 0.03 −0.09
Δ PEP racism recall −0.01 −0.12 0.05 0.00 −0.13 0.00 −0.13
ΔCI anger recall −0.17 0.14 −0.07 0.20 0.17 −0.06 −0.26 *
ΔCI racism recall −0.08 0.06 −0.16 0.04 −0.08 −0.14 −0.03
ΔSI anger recall 0.09 0.09 0.00 −0.16 0.06 0.13 0.15

ΔSI racism recall −0.03 −0.07 −0.15 −0.11 −0.22 * −0.25 * 0.08

ΔTPR anger recall −0.25 * 0.11 −0.13 0.18 0.16 −0.14 −0.27 *
ΔTPR racism recall −0.06 0.05 −0.23 * −0.07 −0.02 −0.27 * −0.05
ΔHRVanger recall −0.14 0.14 −0.14 0.12 0.17 0.01 −0.14
ΔHRV racism recall 0.14 0.01 0.08 0.03 −0.06 0.05 0.17

ΔSBP anger recall recovery 0.00 −0.05 0.00 0.01 0.05 0.00 0.31 **

ΔSBP racism recall recovery −0.17 −0.02 −0.05 0.02 −0.04 −0.27 * −0.08
ΔDBP anger recall recovery 0.35 ** 0.06 −0.06 0.22 −0.18 −0.01 0.15

ΔDBP racism recall recovery −0.28 * −0.07 −0.03 0.04 −0.05 0.11 0.09

ΔHR anger recall recovery 0.15 −0.06 0.10 0.00 0.03 0.03 0.03

ΔHR racism recall recovery −0.13 −0.19 −0.08 0.09 0.09 −0.02 −0.15
ΔPEP anger recall recovery 0.22 −0.03 0.18 0.11 0.03 −0.06 −0.01
ΔPEP racism recall recovery −0.13 0.02 −0.17 −0.14 0.08 −0.05 −0.11
ΔCI anger recall recovery −0.07 0.14 0.09 0.21 0.21 0.01 −0.26 *
ΔCI racism recall recovery 0.01 −0.02 −0.05 −0.01 −0.02 0.04 −0.04
ΔSI anger recall recovery −0.05 −0.13 −0.11 −0.20 −0.17 −0.04 0.15

ΔSI racism recall recovery −0.04 −0.08 −0.02 0.12 0.05 0.02 −0.12
ΔTPR anger recall recovery −0.13 0.17 0.09 0.17 0.17 0.12 −0.22
ΔTPR racism recall recovery 0.12 −0.08 0.12 −0.17 −0.05 −0.06 0.14

ΔHRVanger recall recovery 0.03 0.01 0.09 0.08 0.06 0.07 −0.02
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relates to multiple indicators of cardiovascular function. In
response to "re-living" a personally relevant experience of
racism-related stress, participants showed the hypothesized
associations between higher prayer coping and favorable
levels of both subjective stress and cardiovascular stress re-
sponses in terms of DBP reactivity, DBP post-stress recovery,
and HRV post-stress recovery.

Greater DBP reactivity, slower DBP recovery, and reduced
HRV levels have been linked to increased risk for CVD [17,
55]. These links between poorer cardiovascular function and
CVD may have implications for African American women
who are exposed to racism-related stress but do not use prayer
or other coping strategies/processes that benefit cardiovascu-
lar health. We found that those women using less prayer
coping had less favorable DBP and HRV (and marginally less
favorable HR) responses during and/or after racism-related
stress exposure. Importantly, those women reporting no use
of prayer coping had significantly higher unadjusted resting
levels of SBP, DBP, and TPR (with lower resting SI) even
before they were exposed to experimental stressors.

The cardiovascular literature offers no directly comparable
studies of prayer coping in the context of acute racism-related
stressors. However, our finding that prayer coping was bene-
ficially associated with lower DBP is similar to prior work
showing lower DBP levels among older adults, particularly
older African American adults, who more frequently engaged
in private prayer or Bible study [15]. In a similar vein, a study
in India found that men who prayed regularly had a lower
prevalence of coronary heart disease [20].

While those studies [15, 20], like our findings, suggest
prayer may be associated with better cardiovascular health,
we also found that it was associated with prolonged elevation
of DBP following the anger recall after adjustments for anger
coping styles, chronic stress, and other covariates. It is unclear
why those who reported using prayer to cope with racism-
related stress had better DBP recovery after the racism recall
but worse DBP recovery after the anger recall. Again, while
there are no directly comparable studies available, greater
frequency of prayer (not context-specific) showed no associ-
ation with resting DBP in one study [22] but was linked to

Table 3 (continued)

Prayer coping BMI Menstrual Oral contraceptives Perceived stress Anger-In Anger Control-Out

ΔHRV racism recall recovery 0.29 ** 0.08 0.00 0.09 −0.12 0.01 0.00

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, PEP pre-ejection period, SI stroke index, CI cardiac
index, TPR total peripheral resistance, HRV heart rate variability

**p <0.01; *p <0.05 (two-tailed)

Table 4 Repeated-measure GLMs of prayer coping on affective responses to recall stress tasks

ΔState anger ΔState anxiety ΔState stress

Reactivity: multivariate results (F) across periods: prayer coping 1.67 0.79 0.97

Univariate results (B, SE) by stress task

Anger recall task Affective baseline −28.01 (15.16)* −1.77 (.27)** −0.11 (0.02)**

Menstrual phase 0.16 (1.42) −0.04 (0.05) 0.00 (0.03)

Oral contraceptive use 1.51 (1.61) −0.07 (0.06) 0.02 (0.03)

Perceived stress scale 0.11 (0.12) 0.01 (0.01) 0.00 (0.00)

Anger-In −2.82 (6.22) −0.19 (0.24) 0.03 (0.12)

Anger Control–Anger Out −0.17 (0.10) 0.00 (0.00) 0.00 (0.00)

Prayer Coping 3.20 (2.53) −0.05 (0.09) −0.06 (0.05)
Racism recall task Affective baseline −2.15 (0.55)** −34.21 (4.18)** −0.14 (0.02)**

Menstrual phase −0.02 (0.06) −1.22 (0.84) 0.03 (0.03)

Oral contraceptive use 0.10 (0.07) −1.13 (0.96) 0.00 (0.03)

Perceived stress scale 0.00 (0.01) 0.18 (0.07)* 0.00 (0.00)

Anger-In −0.31 (0.27) −1.78 (3.72) −0.17 (0.13)
Anger Control–Anger Out −0.01 (0.00) −0.01 (0.06) 0.00 (0.00)

Prayer coping 0.04 (0.11) 1.22 (1.49) −0.10 (0.05)*

Multivariate results shown areF values. Univariate results shown are unstandardized beta (B) and standard error (SE). +B: ↑prayer coping=↑affect level;
−B=↑prayer coping=↓affect level
**p <0.001; *p<0.05
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higher DBP in a study that averaged DBP across resting,
reactivity (to computer stress tasks), and recovery periods
[16]. Additional research is needed to examine whether prayer
coping is associated with adverse cardiovascular functioning
under certain stress-inducing situations. Future studies should
assess whether those who utilize prayer to cope with perceived
racism are likely to use prayer as a coping strategy broadly
across different stressors or only with certain types of stressors.

Higher prayer coping was related to slightly lower HR
reactivity to the racism recall and significantly higher HRV
during recovery, with no significant association found between
prayer coping and either PEP or CI during or after the racism
recall. This suggests that prayer coping may be more strongly
related to parasympathetic (vagal) cardiac control than to beta-
adrenergically mediated sympathetic activation. In a similar
vein, enhanced HRV was observed during recitation of the
rosary prayer [19]. Further research is needed to determine if
prayer is associated with a particular pattern of cardiac auto-
nomic regulation.

The data on negative affect (i.e., stress, anger, anxiety)
during the recall tasks provide an interesting supplement to
the findings on prayer coping and cardiovascular function. We
found support for our hypothesis that those reporting greater
usage of prayer coping would have lower subjective stress in
response to the racism recall. Prayer coping was not signifi-
cantly associated with reactivity of state anger or anxiety,
which suggests that participants reporting higher prayer cop-
ing underwent similar anger and anxiety inductions during the
tasks as those who reported little or no use of prayer coping.
Given that prayer coping was linked to lower DBP and HR
reactivity during the racism recall, participants who reported
more prayer coping might have been somewhat shielded from
the potentially adverse cardiovascular consequences of
experiencing anger and anxiety. Furthermore, our moderation
analyses found that HR reactivity to the racism recall was
lower among participants with higher prayer coping, if they
also had lower negative affect during the task. It has been
suggested that prayer promotes mental relaxation that alters
physiological responses [3, 18], but the mechanisms underly-
ing the associations between prayer, stress/affect, and cardio-
vascular health need further study.

Regarding the recall tasks as laboratory stressors, the rac-
ism recall task that was developed for this study was shown to
have similar potency as the more widely used anger recall task
in terms of cardiovascular and affective responses. Like the
anger recall, the racism recall offers the advantage of being
personally relevant to the study participants. Both recall tasks
elicited substantial negative affect, suggesting that participants
found the tasks to be engaging and perceived the tasks in a
manner consistent with their designs.

The current study adds to the scant literature available on
coping with racism-related stress and expands the limited
research assessing how prayer relates to cardiovascular health.T
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One of this study's strengths is that, to our knowledge, it is the
first cardiovascular study to examine context-specific use of
prayer as a strategy to cope with racism-related stress. It is
strengthened by its use of personally relevant experimental
stressors that were salient to participants, in contrast to exper-
imental tasks with unknown relevance to participants' real
world experiences. The findings showing that prayer coping
was associated with favorable levels of cardiovascular param-
eters before, during, and after stress exposure are strengthened
by the fact that these associations were found across measures
derived from three different types of cardiovascular monitor-
ing equipment. Furthermore, the study was strengthened by
increased reliability of cardiovascular measures that had been
derived from averages of multiple readings within sets of
repeated measures for baseline/rest, task, and recovery pe-
riods. Another strength is the study's limiting of confounders
through exclusion criteria, pre-session instructions to avoid
caffeine and alcohol, and statistical adjustments.

This work should be replicated with a larger sample, given
the relatively small sample size. With additional statistical
power, the marginal association between higher prayer coping
and lower HR reactivity to the racism recall may have reached
conventional statistical significance. Although the sample was
sufficient to detect unadjusted differences in resting SI and
TPR between those who used prayer coping and those who
did not, the lack of significant findings for PEP, CI, SI, and
TPR in the adjusted CVR and post-stress recovery analyses
may be due to the reduced sample size on those parameters. In
addition to its utilization of self-reported measures, the study
alsomay be limited by its inability to account for the use of other
coping/stress management strategies (used individually or si-
multaneously) and psychosocial factors (e.g., social support,
positive mood, higher socioeconomic status) that could possibly
explain our observed associations. Despite the exclusion criteria,
it is possible that undiagnosed illness or unreported medication
use influenced our results. It also is unclear how well our results
for this predominantly U.S.-born sample of young, healthy,
college-educated African American women would generalize
to other groups (e.g., male, older, less educated, less healthy,
residents of other U.S. regions or countries). Further research is
needed to assess the generalizability of our findings to immi-
grant populations, given that immigrants' approach to coping
with racism may be influenced by culture and immigration
status [27]. Although prayer coping had associations with fa-
vorable levels of cardiovascular parameters before, during, and
after racism stress exposure, the clinical significance of these
findings is unclear and requires further study. Finally, these
cross-sectional data cannot establish prayer coping as the cause
of the noted cardiovascular and affective variations.

Among young, healthy African American women, higher
use of prayer to cope with racism-related stress was associated
with a more favorable pattern of cardiovascular and affective
functioning in response to a recalled experience of perceived

racism. Our results provide an initial step in understanding the
cardiovascular impact of prayer as a coping response to racism-
related stress.
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