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Background-—Perceived stress may increase risk for coronary heart disease (CHD) and death, but few studies have examined
these relationships longitudinally. We sought to determine the association of perceived stress with incident CHD and all-cause
mortality.

Methods and Results-—Data were from a prospective study of 24 443 participants without CHD at baseline from the national
Reasons for Geographic And Racial Differences in Stroke (REGARDS) study cohort. Outcomes were expert-adjudicated acute CHD
and all-cause mortality. Over a mean follow-up of 4.2 (maximum 6.9) years, there were 659 incident CHD events and 1320 deaths.
Analyses were stratified by income level because of significant interactions with stress. For individuals with low income, 3529
(35.4%) reported high stress, and for those with high income, 2524 (22.1%) did so. Compared with reporting no stress, those
reporting the highest stress had higher risk for incident CHD if they reported low income (sociodemographic-adjusted HR 1.36,
95% CI: 1.04, 1.78) but not high income (sociodemographic-adjusted HR 0.82, 95% CI: 0.57, 1.16); the finding in low income
individuals attenuated with adjustment for clinical and behavioral factors (HR 1.29, 95% CI: 0.99, 1.69, P=0.06). After full
adjustment, the highest stress category was associated with higher risk for death among those with low income (HR 1.55, 95% CI:
1.31, 1.82) but not high income (HR 1.13, 95% CI: 0.88, 1.46).

Conclusions-—High stress was associated with greater risks of CHD and death for individuals with low but not high income. ( J Am
Heart Assoc. 2013;2:e000447 doi: 10.1161/JAHA.113.000447)
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C oronary heart disease (CHD) is a major contributor to
morbidity and mortality in the United States. As of 2010

over 15 million individuals had a history of CHD and 7.6
million had suffered a myocardial infarction (MI).1 Despite an

overall decline in the incidence of MI in the last few decades,
the rate of this decline varied by race/ethnicity, sex, age,
geographic region, and socioeconomic strata.2–8 Racial and
ethnic differences in the prevalence of traditional CHD risk
factors (eg, hypertension, diabetes, obesity, smoking, and
dyslipidemia)9–12 contribute to the observed disparity; how-
ever, the role of “non-traditional” risk factors in these
disparities is garnering increasing attention. Emerging evi-
dence indicates that chronic exposure to psychological
stress/stressors plays a central role in the pathophysiology
of CHD through activation of physiologic processes involving
the hypothalamic-pituitary-adrenal axis, sympathetic-parasym-
pathetic systems, and inflammatory cascades.13–16 Moreover,
psychosocial risk factors may also be directly related to CHD
through their associations with behavioral risk factors (eg,
smoking, physical activity, and diet),17,18 and indirectly via
neurohormonal and inflammatory processes.19

In fact, stress may be an important contributor to the long-
observed associations between lower socioeconomic status
(SES) and CHD and mortality outcomes.20–23 While persons of
low SES have higher prevalence of traditional cardiovascular
disease (CVD) risk factors such as smoking and diabetes,24
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adjusting for risk factors does not entirely attenuate the
association between SES and CHD and mortality outcomes.25

People living in poverty demonstrate physiologic evidence of
chronic stress,26 but the relationship between stress and CHD
outcomes and death have not often been examined longitu-
dinally.

These relationships are particularly relevant for US non-
Hispanic blacks, a minority whose members disproportion-
ately live in poverty and who have higher risks for CHD and
death than majority non-Hispanic whites.3,27 Prior studies
have explored racial differences in post-MI outcomes28 and
the association of perceived stress in recurrent MI.29

Although prior prospective studies have assessed the contri-
bution of stress to the incidence of CHD, many of these
studies were conducted among non-US populations or did not
include sufficient diversity to draw conclusions about racial
and socioeconomic disparities.30–33 Because few longitudinal
studies of CVD risk factors and CHD in the United States have
a significant number of minorities (eg, Atherosclerosis Risk in
Communities [ARIC] study, Jackson Heart Study [JHS], Coro-
nary Artery Risk Development in Young Adults [CARDIA],
Multi-Ethnic Study of Atherosclerosis [MESA]), there remain a
paucity of longitudinal data about the relationship between
stress and incident CHD in US populations and whether this
relationship varies by race/ethnicity and/or SES. Conse-
quently, using a short version of the Cohen Perceived Stress
Scale (PSS) as a global measure of self-reported stress34 in
the Reasons for Geographic And Racial Differences in Stroke
(REGARDS) study, we investigated the association of per-
ceived stress with incident fatal and nonfatal CHD and all-
cause mortality, focusing on the role of race/ethnicity and
SES on any observed associations.

Methods

Setting and Study Population
The REGARDS study is a prospective study intended to
determine the causes for the excess stroke mortality in the
southeastern United States (ie, the stroke “belt” and “buckle”)
and among blacks through targeted recruitment of partici-
pants from specific age/race/geographic strata from January
2003 to October 2007. It recruited 30 239 community
dwelling participants (42% blacks and 55% women) residing in
the continental United States.35 This study used data from
REGARDS-MI, an ancillary study of REGARDS, which adjudi-
cates all heart-related events and merges these data with the
existing REGARDS data. Baseline data collection for REGARDS
was completed using computer-assisted telephone interviews
to collect medical history, functional status, health behaviors,
and psychosocial measures. In-home examinations were
conducted by trained health care professionals using stan-

dardized, quality-controlled protocols to collect physiologic
measures (blood pressure [BP], height and weight, waist
circumference), blood and urine samples, electrocardiograms
(ECGs), and medication use by pill bottle review. Blood and
urine samples were centrally analyzed at the University of
Vermont. ECGs were centrally analyzed at Wake Forest
University.

Living participants or their proxies were followed up every
6 months by telephone with retrieval of medical records for
reported hospitalizations. Deaths were detected by report of
next-of-kin or through online sources (eg, Social Security
Death Index) or the National Death Index. Proxies or next-of-
kin were interviewed about the circumstances surrounding
death including the presence of chest pain. Death certificates,
medical records, and autopsy reports were obtained to
adjudicate cause of death, and cardiovascular outcomes were
adjudicated using methods previously described.4 Briefly,
definite MIs were those with diagnostic cardiac enzymes or
ECG. Probable MIs were those with elevated but not diagnostic
(ie, equivocal) enzymes with a positive but not diagnostic ECG
or, if enzymes were missing, with a positive ECG in the
presence of ischemic signs or symptoms. Only definite or
probable MIs were included as events in this study. Cases
were assigned to 2 adjudicators, and disagreements were
adjudicated by committee. The test for agreement between
adjudicators yielded a j statistic >0.80 for the presence of
definite or probable MI or definite or probable acute CHD
death. The study protocol was reviewed and approved by the
institutional review boards at the participating institutions, and
all participants provided informed consent.

For this study, we examined REGARDS participants without
CHD at baseline (defined as a self-reported history of MI,
coronary artery bypass surgery, percutaneous coronary
intervention, or evidence of MI on ECG). Events through
December 31, 2009, were included in this analysis; at that
time, 9.5% of the original sample was lost to follow-up.

Study Variables
Our dependent variables were incident total CHD (defined as
definite or probable MI or definite or probable acute CHD
death), incident fatal CHD (definite or probable acute CHD
death), and all-cause mortality from study entry through
December 31, 2009. Since revascularization procedure utili-
zation differs markedly by race36 and racial differences were
of interest, we did not include coronary revascularization in
the primary analysis but included them as part of a sensitivity
analysis.

Our primary independent variable was baseline perceived
stress, as assessed by a 4-item version of the PSS.34 The PSS
measures over the past month the degree to which respon-
dents feel they were unable to control important things in
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their life, their confidence in their ability to handle personal
problems, how often they felt they could not cope with all the
things they needed to do, and how often difficulties were
overwhelming, scored using a 5-point scale (0=never,
1=almost never, 2=sometimes, 3=fairly often, 4=very often),
with final scores ranging from 0 to 16. Because of the skewed
distribution of the PSS score and lack of defined cut-points, it
was categorized into approximate quartiles of no stress (PSS
score=0), low stress (score 1 to 2), moderate stress (scores 3
to 4), and high stress (scores 5 to 16).

Additional covariates included baseline sociodemographic,
clinical, and health behavior related variables. Demographic
variables included age, sex, race (black or white), urban
residence as classified by 2000 Rural-Urban Commuting Area
Codes (RUCA) 1 through 3,37 and stroke region (stroke belt,
stroke buckle, or other parts of the continental United States).
SES variables included education (less than high school, high
school graduate, some college, college graduate) and house-
hold annual income (<$20 000; $20 000 to $34 000; $35
000 to $74 000; ≥$75 000). Clinical CHD risk factors
included systolic blood pressure (<120, 120 to 139,
≥140 mm Hg), total cholesterol (<200, 200 to 239,
≥240 mg/dL), low HDL cholesterol (<40 mg/dL in men and
<50 mg/dL in women), diabetes status (defined as a fasting
blood sugar >126 mg/dL, a nonfasting blood sugar
>200 mg/dL, a self-reported history of diabetes, or treatment
with a diabetes medication), and other medication use (use of
antihypertensive and/or cholesterol-lowering medications).
Health behavior–related variables included smoking (never,
past, current), exercise to work up a sweat (none, at least
once weekly), alcohol use (none, moderate [1 to 2 drinks/day
for men and 1 drink/day for women], and heavy [>2 drinks/
day for men and >1 drink/day for women]), and body mass
index (<25, 25 to 29.9, 30 to 39.9, ≥40 kg/m2).

Statistical Analysis
Summary statistics were calculated for baseline characteris-
tics overall and across PSS quartiles. Associations between
characteristics were tested in unadjusted analyses using the
v2 test of association for categorical characteristics and
ANOVA for continuous characteristics. We calculated crude
incidence of acute CHD, fatal CHD, and all-cause death by
income group, since we observed a significant interaction for
income. We examined the cumulative incidence of acute CHD
and all-cause mortality by high (score 5 to 16) and no (score 0)
stress quartiles by income group using Kaplan–Meier survival
curves, omitting the low and medium stress categories to
facilitate comparison. A Wilcoxon test of equality was
performed to test differences in cumulative incidence among
the 4 stress–income groups (high stress and low income, no
stress and low income, high stress and high income, and no

stress and high income), and the P value was reported for each
outcome. We used Cox proportional hazards models to
examine the association of perceived stress with incident
CHD, incident fatal CHD, and all-cause mortality. Incident
nonfatal CHD and fatal CHD are mutually exclusive events;
therefore, in analyses of incident fatal CHD, nonfatal CHD
events were censored at their event date. The assumptions of
proportionality were met and there were no time-dependent
variables. Models were constructed incrementally to examine
changes in the hazard ratios (HRs) for each quartile of
perceived stress score compared with the quartile of lowest
stress as covariates were added. Model 1 adjusted for age,
sex, race, education, region, and urban/rural status. Model 2
added to the model 1 covariates systolic blood pressure,
antihypertensive medication use, total cholesterol, HDL cho-
lesterol, statin use, and diabetes. Model 3 added to the model
2 covariates smoking, exercise, alcohol use, and body mass
index. To explore potential effect modification, interaction
terms for stress9age, stress9sex, stress9race, stress9
education, and stress9income were placed separately into
fully adjusted models. We observed no significant interaction
for age, sex, race, or education, but the P value for the
stress9income interaction was significant (overall CHD
P=0.09, fatal CHD P=0.03, all-cause mortality P=0.07). Splines
indicated that effect modification occurred above and below
an income of $35 000; thus, the analysis was stratified on this
level of income. More than 12% of participants (n=3031)
declined to provide information on income, and an additional
15.1% (n=3680) had missing laboratory or survey elements,
resulting in a total of 6711 with missing data; therefore, we
used multiple imputation to estimate missing covariate
information using chained equations with 30 data sets.38,39

Statistical significance for all analyses was P<0.05. We
conducted a sensitivity analysis with cardiac revascularization
included in the CHD outcomes using the same modeling
procedures as previously described. We also conducted all
analyses excluding the individuals who declined to report their
income. All analyses were conducted using SAS version 9.2
(SAS Institute, Inc) and Stata version 12 (StataCorp).

Results

Sample Characteristics
After excluding subjects with CHD at baseline and missing
data for the PSS, 24 439 participants were eligible for this
analysis. As of December 31, 2009, 444 first definite or
probable nonfatal MIs and 215 first definite or probable fatal
CHD events were adjudicated for a total of 659 incident CHD
events. There were 1620 deaths from any cause. Baseline
characteristics of the study sample overall and by PSS
category are shown in Table 1. Participants who reported high
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Table 1. Baseline Characteristics of REGARDS Participants Without CHD at Baseline

Characteristics
Overall

(n=24 439)

Perceived Stress Scale—4 Item (Score)

P Value
No Stress
(0) n=6117

Low Stress
(1 to 2) n=5779

Moderate Stress
(3 to 4) n=5571

High Stress
(5 to 16) n=6972

Age, mean�SD 64.1�9.3 66.0�9 64.8�9.3 64.8�9.5 64.0�9.9 <0.001

Female, n (%) 14 282 (58.4) 2962 (48.4) 3207 (55.5) 3367 (60.4) 4746 (68.1) <0.001

Black, n (%) 10 345 (42.3) 2582 (42.2) 2025 (35.0) 2281 (40.9) 3457 (49.6) <0.001

Region of residence, n (%) <0.001

Nonbelt 10 851 (44.4) 2780 (45.4) 2675 (46.3) 2522 (45.3) 2874 (41.2)

Belt 8478 (34.7) 2112 (34.5) 1949 (33.7) 1869 (33.5) 2548 (36.5)

Buckle 5110 (20.9) 1225 (20.0) 1155 (20.0) 1180 (21.2) 1550 (22.2)

Urban residence, n (%) 17 845 (80.8) 4467 (80.8) 4247 (81.1) 4081 (81.0) 5050 (80.4) 0.77

Education, n (%) <0.001

Less than high school 2823 (11.6) 2290 (37.5) 2428 (42.0) 2127 (38.2) 1961 (28.2)

High school graduate 6192 (25.3) 1695 (27.7) 1580 (27.4) 1487 (26.7) 1840 (26.4)

Some college 6602 (27.0) 1500 (24.5) 1316 (22.8) 1380 (24.8) 1996 (28.7)

College graduate 8806 (36.1) 628 (10.3) 451 (7.8) 575 (10.3) 1169 (16.8)

Annual household income <0.001

≥$35 000 11 442 (46.8) 3113 (50.9) 3105 (53.7) 2700 (48.5) 2524 (36.2)

<$35 000 9966 (40.8) 2273 (37.2) 1990 (34.4) 2174 (39.0) 3529 (50.6)

Declined to report 3031 (12.4) 731 (12.0) 684 (11.8) 697 (12.5) 919 (13.2)

Systolic blood pressure, mm Hg <0.001

<120 7709 (31.6) 1763 (28.9) 1874 (32.5) 1832 (33.0) 2240 (32.2)

120 to 139 11 818 (48.5) 3071 (50.3) 2816 (48.9) 2669 (48.1) 3262 (46.9)

>140 4848 (19.9) 1273 (20.8) 1071 (18.6) 1050 (18.9) 1454 (20.9)

Total cholesterol (mg/dL), n (%) 0.01

<200 13 686 (58.4) 3503 (60.0) 3220 (57.7) 3143 (58.8) 3820 (57.5)

200 to 240 6882 (29.4) 1657 (28.4) 1712 (30.7) 1545 (28.9) 1968 (29.6)

>240 2848 (12.2) 683 (11.7) 646 (11.6) 659 (12.3) 860 (12.9)

Low HDL cholesterol* (mg/dL), n (%) 8069 (34.7) 1989 (34.2) 1875 (33.8) 1781 (33.5) 2424 (36.7) <0.001

Had diabetes, n (%) 5450 (22.3) 1312 (21.4) 1141 (19.7) 1162 (20.9) 1835 (26.3) <0.001

Antihypertensive medication use, n (%) 13 222 (54.1) 3368 (55.1) 2984 (51.6) 2926 (52.5) 3944 (56.6) <0.001

Statin use, n (%) 6322 (25.9) 1650 (27.0) 1454 (25.2) 1407 (25.3) 1811 (26.0) 0.09

Smoking status, n (%) <0.001

Never 11 536 (47.4) 2743 (45.0) 2772 (48.1) 2711 (48.8) 3310 (47.7)

Past 9357 (38.4) 2557 (42.0) 2288 (39.7) 2128 (38.3) 2384 (34.3)

Current 3453 (14.2) 790 (13.0) 700 (12.2) 716 (12.9) 1247 (18.0)

Exercised at least once a week, n (%) 16 015 (66.5) 4198 (69.6) 3965 (69.5) 3703 (67.4) 4149 (60.5) <0.001

Alcohol use†, n (%) <0.001

None 14 905 (62.2) 3654 (61.0) 3358 (59.0) 3339 (61.0) 4554 (66.9)

Moderate 8055 (33.6) 2046 (34.1) 2093 (36.8) 1901 (34.7) 2015 (29.6)

Heavy 1012 (4.2) 292 (4.9) 244 (4.3) 234 (4.3) 242 (3.6)

BMI (kg/m2), n (%) <0.001

<25 6107 (25.2) 1493 (24.5) 1515 (26.4) 1405 (25.4) 1694 (24.5)

25 to 29.9 8906 (36.7) 2430 (39.9) 2141 (37.3) 2083 (37.6) 2252 (32.6)

30 to 39.9 7713 (31.8) 1866 (30.7) 1757 (30.6) 1706 (30.8) 2384 (34.5)

≥40 1543 (6.4) 297 (4.9) 321 (5.6) 342 (6.2) 583 (8.4)

BMI indicates body mass index; CHD, coronary heart disease; REGARDS, Reasons for Geographic And Racial Differences in Stroke Study.
*Low HDL cholesterol for men is <40 mg/dL and for women is <50 mg/dL.
†Moderate alcohol use for men is 1 to 2 drinks/day and for women is 1 drink/day. Heavy alcohol use for men is >2 drinks/day and for women is ≥2 drinks/day.

DOI: 10.1161/JAHA.113.000447 Journal of the American Heart Association 4

Perceived Stress Associated With CHD and Death Redmond et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



stress were more likely to be women, black, and residents of
the stroke belt or buckle compared with participants in the
other stress categories. More participants reporting high
stress were college graduates; smoked currently; did not
exercise weekly; and had high cholesterol or diabetes or were
obese. In addition, >50% of participants reporting high stress
reported an annual household income of <$35 000. Of note,
3529 (35.4%) of individuals reporting income of <$35 000
also reported high stress, whereas 2524 (22.1%) of those
reporting income of ≥$35 000 did so (Figure 1). Furthermore,
there were disproportionate distributions of PSS across
race–sex categories when stratified by income. Among the
low-income participants, black men (33.5%) and women
(40.9%) and white women (34.0%) had higher proportions in
the high-stress strata compared with white men (26.5%).

Risks for Incident Total CHD, Incident Fatal CHD,
and All-Cause Mortality
Cumulative incidences of total CHD (Figure 2A), fatal CHD
(Figure 2B), and all-cause mortality (Figure 2C) were signifi-
cantly different between the stress–income groups. As seen
in Figure 2, individuals with low income reporting high stress

had the highest cumulative incidence for all 3 outcomes,
followed by those with low income reporting low stress. For all
3 outcomes, those with high income had cumulative incidence
that was lower than either stress group for individuals
reporting low income. Although the Kaplan–Meier curves for
those with high income and high stress are below those with
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Figure 1. PSS categories overall and by race–sex group among
(A) low-income and (B) high-income REGARDS participants. Legend:
0, no stress; 1, low stress; 2, moderate stress; 3, high stress. PSS
indicates Perceived Stress Scale; REGARDS, Reasons for Geographic
And Racial Differences in Stroke Study.

p < 0.001

p < 0.001 

Enlarged insert

p < 0.001 

A

B

C

Figure 2. Cumulative incidence Kaplan–Meier graphs for (A) inci-
dent total CHD, (B) incident fatal CHD, and (C) all-cause mortality
comparing participants that reported high stress (PSS=5 to 16) to
participants that reported no stress (PSS=0). A Wilcoxon test of
equality was performed and the P-value is reported. CHD indicates
coronary heart disease; PSS, perceived stress scale.
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high income and low stress, the multivariable adjusted results
presented in Table 2 suggest that this difference is not
statistically significant once differences in patient character-
istics are accounted for. Although there were fewer individuals
reporting low income than high income, the group with lower
income accounted for substantially more events. Among
those reporting income of <$35 000, there were 131 fatal
incident CHD events, 333 total incident CHD events, and 953
deaths, whereas among those reporting income of ≥$35 000,
there were 61 fatal incident CHD events, 247 total incident
CHD events, and 429 deaths (Table 2).

The results of the multivariable analysis testing the
associations of perceived stress and incident total CHD, fatal
CHD, and all-cause mortality stratified by income group are
also presented in Table 2. Risks for individuals in the low-,
moderate-, and high-stress categories were compared with
those with no stress. Among participants reporting income of
<$35 000, the HR for incident total CHD was 1.36 (95% CI
1.04 to 1.78) for the high-stress compared with the no-stress
group in models adjusting for sociodemographic characteris-
tics (model 1) and 1.29 (95% CI 0.99 to 1.69) in the model
adjusting for all covariates (model 3). Among participants
reporting income of ≥$35 000, the HR for incident total CHD
was 0.82 (95% CI 0.57 to 1.16) for the high- compared with
the no-stress group in model 1 and 0.80 (95% CI 0.56 to 1.14)
in model 3.

Stress was not statistically significantly associated with
incident fatal CHD in demographic or fully adjusted models for
either income category, but the point estimates were
remarkably similar to those for incident total CHD (Table 2).
Among participants reporting income of <$35 000, the HR for
incident fatal CHD was 1.35 (95% CI 0.86 to 2.11) for the
high- compared with the no-stress group in model 1 and 1.27
(95% CI 0.81 to 1.99) in model 3. Among participants
reporting income of ≥$35 000, the HR for incident fatal CHD
was 0.70 (95% CI 0.34 to 1.40) for the high- compared with
the no-stress group in model 1 and 0.67 (95% CI 0.33 to 1.34)
in model 3.

Among participants reporting income of <$35 000, the
HR for all-cause mortality was 1.65 (95% CI 1.40 to 1.94) for
the high- compared with the no-stress group in model 1 and
1.55 (95% CI 1.31 to 1.82) in model 3 (Table 2). Among
participants reporting income of ≥$35 000, the HR was 1.20
(95% CI 0.93 to 1.55) for the high- compared with the no-
stress group in model 1 and 1.13 (95% CI 0.88 to 1.46) in
the model 3.

The sensitivity analysis including coronary revasculariza-
tion (eg, percutaneous coronary intervention or coronary
artery bypass grafting) in the CHD outcome showed similar
associations as for incident total CHD (Table 3). There were
461 total CHD or revascularization outcomes for those with
income of <$35 000 and 414 for those with income of

≥$35 000. The fully adjusted HR for the high- compared with
the no-stress group was 1.20 (95% CI 0.96 to 1.52) for those
with income of <$35 000, and it was 0.88 (95% CI 0.67 to
1.16) for those with income of ≥$35 000.

We conducted a sensitivity analysis excluding those who
did not report income and had missing covariates (Table 3).
The results were generally similar, although CIs were consis-
tently wider and the fully adjusted HR for incident total CHD
was higher and statistically significant (HR 1.44 [95% CI 1.05
to 1.98] for the complete case analysis versus HR 1.29 [95%
CI 0.99 to 1.69] for the analysis using multiple imputation to
replace missing data).

Discussion
In this study of REGARDS participants, high perceived stress
was associated with incident total CHD and all-cause
mortality among low- but not high-income participants.
These results persisted for all-cause mortality even after
adjustment for demographic, clinical, and behavioral char-
acteristics, and the findings showed a trend for significance
after full adjustment for incident total CHD (P=0.06). There
was no evidence that these findings differed by race or sex,
thus suggesting that stress may be an important mecha-
nism contributing for the observed higher risks for worse
CVD and mortality outcomes among individuals with low
income.

The relationship between stress and CHD or mortality
outcomes by income has not been widely examined. Our
findings are consistent with a recent study of the Health
Survey for England that also showed stronger effects of
psychological distress on all-cause and CHD mortality
among lower occupational classes compared with higher
occupational classes.40 The incidence of CHD was not
examined in that study. In our study, among low-income
participants, only the highest level of perceived stress was
associated with an increased hazard for incident total CHD,
and a trend for significance remained after adjustment for
all covariates. The association of perceived stress with all-
cause mortality showed more of a dose-response pattern of
progressively increasing hazard with each level of increased
stress among low-income participants. Prior research has
shown that low SES is an independent risk factor for
incident CHD and that the Framingham risk score underes-
timates CHD risk in low-income populations.41–43 Taken
together, these findings suggest that stress may be an
important contributor to CHD and mortality disparities long
observed for individuals with low income relative to those
with higher income.

Our findings have implications for efforts to eliminate
racial disparities in health outcomes. In our study, we did
not observe statistically significant interactions between
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Table 2. Incidence and Hazard Ratios (With 95% CI) for Association of Perceived Stress and Incident Total and Fatal CHD and
All-Cause Mortality Stratified by Annual Household Income (N=24 439 Individuals Free of CHD at Baseline)

Incident Total CHD (n=659) Incident Fatal CHD (n=215)

Income <$35 000 Income ≥$35 000 Income <$35 000 Income ≥$35 000

Number of events* 333 247 131 61

Crude incidence
rate per 1000
person-years*

7.9 5.1 3.1 1.2

Models†‡ HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Model 1 (demographics, education)

No stress (ref) 1.00 — 1.00 — 1.00 — 1.00 —

Low stress 1.08 (0.79 to 1.47) 0.64 0.79 (0.58 to 1.08) 0.14 1.15 (0.69 to 1.92) 0.59 0.65 (0.35 to 1.23) 0.18

Moderate stress 1.03 (0.75 to 1.40) 0.86 0.77 (0.55 to 1.07) 0.12 1.43 (0.88 to 2.32) 0.15 0.62 (0.31 to 1.26) 0.19

High stress 1.36 (1.04 to 1.78) 0.02 0.82 (0.57 to 1.16) 0.26 1.35 (0.86 to 2.11) 0.19 0.70 (0.34 to 1.40) 0.31

Model 2 (demographics, education, and clinical factors)

No stress (ref) 1.00 — 1.00 — 1.00 — 1.00 —

Low stress 1.08 (0.80 to 1.48) 0.61 0.79 (0.58 to 1.08) 0.14 1.14 (0.68 to 1.91) 0.61 0.65 (0.34 to 1.22) 0.18

Moderate stress 1.02 (0.75 to 1.40) 0.88 0.79 (0.56 to 1.10) 0.16 1.40 (0.86 to 2.28) 0.17 0.64 (0.31 to 1.29) 0.21

High stress 1.33 (1.02 to 1.73) 0.04 0.82 (0.58 to 1.17) 0.27 1.32 (0.85 to 2.07) 0.22 0.69 (0.34 to 1.40) 0.31

Model 3 (demographics, education, clinical, and behavioral factors)

No stress (ref) 1.00 — 1.00 — 1.00 — 1.00 —

Low stress 1.07 (0.79 to 1.46) 0.66 0.80 (0.58 to 1.10) 0.16 1.12 (0.67 to 1.88) 0.65 0.65 (0.34 to 1.22) 0.18

Moderate stress 1.00 (0.73 to 1.37) 0.99 0.80 (0.57 to 1.12) 0.20 1.36 (0.84 to 2.21) 0.22 0.64 (0.32 to 1.30) 0.22

High stress 1.29 (0.99 to 1.69) 0.06 0.80 (0.56 to 1.14) 0.22 1.27 (0.81 to 1.99) 0.30 0.67 (0.33 to 1.34) 0.26

All-Cause Mortality (n=1620)

Income <$35 000 Income ≥$35 000

Number of events* 953 429

Crude incidence rate
per 1000 person-years*

22.5 8.7

Models†‡ HR (95% CI) P Value HR (95% CI) P Value

Model 1 (demographics, education)

No stress (ref) 1.00 — 1.00 —

Low stress 1.26 (1.05 to 1.52) 0.01 0.86 (0.67 to 1.10) 0.24

Moderate stress 1.38 (1.15 to 1.66) 0.001 1.11 (0.86 to 1.42) 0.42

High stress 1.65 (1.40 to 1.94) <0.001 1.20 (0.93, 1.55) 0.15

Model 2 (demographics, education, and clinical factors)

No stress (ref) 1.00 — 1.00 —

Low stress 1.26 (1.05 to 1.52) 0.01 0.85 (0.66 to 1.10) 0.22

Moderate stress 1.37 (1.14 to 1.65) 0.001 1.12 (0.87 to 1.44) 0.38

High stress 1.62 (1.37 to 1.90) <0.001 1.19 (0.92 to 1.54) 0.18

Model 3 (demographics, education, clinical, and behavioral factors)

No stress (ref) 1.00 — 1.00 —

Low stress 1.25 (1.03 to 1.50) 0.02 0.85 (0.66 to 1.10) 0.22

Moderate stress 1.31 (1.09 to 1.57) 0.004 1.12 (0.87 to 1.44) 0.36

High stress 1.55 (1.31 to 1.82) <0.001 1.13 (0.88 to 1.46) 0.34

CHD indicates coronary heart disease; HR, hazard ratio.
*Number of events and crude incidence rates based on data that exclude participants that refused to provide income (n=3031).
†Model 1: adjusts for age, sex, race, urban, stroke region, and education. Model 2: adjusts for model 1 characteristics and systolic blood pressure, antihypertensive medication use, total
cholesterol, high density lipoprotein cholesterol, statin use, diabetes. Model 3: adjusts for model 2 characteristics and smoking, exercise, alcohol use, body mass index.
‡Referent group is the lowest category for perceived stress scale, which represents participants with the lowest perceived stress scale score.
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Table 3. Incidence and Hazard Ratios (With 95% CI) for Association of Perceived Stress and Incident Total and Fatal CHD and All-
Cause Mortality Stratified by Annual Household Income (N=24 439 Individuals Free of CHD at Baseline; Complete Case Analysis
Results)

Incident Total CHD (n=659) Incident Fatal CHD (n=215)

Income <$35 000 Income ≥$35 000 Income <$35 000 Income ≥$35 000

Number of events* 333 247 131 61

Crude incidence rate
per 1000
person-years*

7.9 5.1 3.1 1.2

Models†‡ HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Model 1
(demographics,
education),
n=19 334

nevents=302 nevents=219 nevents=120 nevents=53

No stress (ref) 1.00 — 1.00 — 1.00 — 1.00 —

Low stress 0.95 (0.67
to 1.34)

0.76 0.73 (0.52
to 1.02)

0.07 1.20 (0.68
to 2.13)

0.53 0.51 (0.24
to 1.06)

0.07

Moderate stress 0.95 (0.67
to 1.34)

0.76 0.68 (0.47
to 0.98)

0.04 1.53 (0.89
to 2.61)

0.12 0.55 (0.25
to 1.17)

0.12

High stress 1.42 (1.06
to 1.90)

0.02 0.76 (0.52
to 1.12)

0.16 1.55 (0.94
to 2.54)

0.08 0.72 (0.34
to 1.50)

0.38

Model 2
(demographics,
education,
and clinical
factors),
n=18 406

nevents=279 nevents=212 nevents=111 nevents=52

No stress (ref) 1.00 — 1.00 — 1.00 — 1.00 —

Low stress 1.10 (0.76
to 1.58)

0.61 0.75 (0.53
to 1.06)

0.10 1.36 (0.75
to 2.47)

0.30 0.50 (0.24
to 1.05)

0.07

Moderate stress 1.09 (0.76
to 1.56)

0.65 0.65 (0.44
to 0.96)

0.03 1.69 (0.97
to 2.97)

0.06 0.50 (0.22
to 1.11)

0.09

High stress 1.45 (1.06
to 1.99)

0.02 0.80 (0.55
to 1.18)

0.26 1.55 (0.92
to 2.64)

0.10 0.72 (0.34
to 1.50)

0.38

Model 3
(demographics,
education,
clinical, and
behavioral
factors),
n=17 728

nevents=268 nevents=204 nevents=105 nevents=49

No stress (ref) 1.00 — 1.00 — 1.00 — 1.00 —

Low stress 1.07 (0.73
to 1.54)

0.74 0.77 (0.54
to 1.09)

0.15 1.36 (0.74
to 2.49)

0.32 0.52 (0.25
to 1.10)

0.09

Moderate stress 1.02 (0.70
to 1.48)

0.93 0.70 (0.47
to 1.03)

0.07 1.49 (0.83
to 2.68)

0.18 0.52 (0.23
to 1.17)

0.11

High stress 1.44 (1.05
to 1.98)

0.02 0.72 (0.48
to 1.08)

0.11 1.57 (0.92
to 2.69)

0.10 0.57 (0.25
to 1.27)

0.17

Continued
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stress and race and stress and sex for any of the outcomes.
However, blacks and women were disproportionately repre-
sented in the low-income/high-stress strata compared with
whites in our study, reflecting similar distributions nation-
ally.44,45 Prior research shows that exploring the interplay of
race, SES, and stress found that as income increases among
blacks and whites, psychological distress decreases, and this
is especially true for blacks. However, there was no
significant difference between blacks and whites at the
lowest income levels.44 Thus, race may be associated with
an increased risk of being low income and therefore
experiencing a high level of stress, but the impact of high
stress on health is primarily dependent on income. Much
attention has been given to the disproportionate burden of
modifiable CVD risk factors such as hypertension, smoking,
and obesity among blacks.46–48 Emerging data suggest that
stress in low-income blacks may also be a potentially
modifiable risk factor through behavioral interventions such
as transcendental meditation.49

While REGARDS-MI is a prospective study with a large
biracial cohort and expert adjudication of outcomes, this
study is not without limitations. Although the ability to draw

causal inferences is limited, the prospective nature of the
study did allow for the measurement of perceived stress and
other covariates as antecedents to the defined outcomes.
However, because stress and income were ascertained at a
single time point, we were not able to explore the potential
impact of changes in stress and/or income over time.
Furthermore, the limitations of self-reported variables are well
known leading to possible misclassification and reporting
biases, a problem that is common among all epidemiologic
studies. Medical records are retrieved to identify and
adjudicate incident events detected during follow-up; not all
events may be detected this way, and some records are
inevitably not able to be retrieved. Also, REGARDS used an
abbreviated version of the PSS, which, though validated, has
modestly lower internal reliability (Cronbach’s a=0.60) when
compared with the 10- and 14-item versions (Cronbach’s
a=0.78 and 0.75, respectively).50 However, recent studies
have shown that higher stress as measured by the 4-item PSS
is associated with poorer health outcomes including higher
2-year mortality post-MI29 in a US cohort, higher postnatal
depression and lower quality of life among Canadian
women,51 and increased asthma morbidity across a 1-year

Table 3. Continued

All-Cause Mortality (n=1620)

Income <$35 000 Income ≥$35 000

Number of events* 953 429

Crude incidence rate per 1000 person-years* 22.5 8.7

Models†‡ HR (95% CI) P Value HR (95% CI) P Value

Model 1 (demographics, education), n=19 334) nevents=863 nevents=383

No stress (ref) 1.00 — 1.00 —

Low stress 1.25 (1.01 to 1.54) 0.04 0.88 (0.67 to 1.15) 0.34

Moderate stress 1.36 (1.11 to 1.67) 0.003 1.12 (0.86 to 1.47) 0.40

High stress 1.63 (1.36 to 1.96) <0.001 1.17 (0.88 to 1.55) 0.28

Model 2 (demographics, education, and clinical factors), n=18 406 nevents=791 nevents=366

No stress (ref) 1.00 — 1.00 —

Low stress 1.36 (1.09 to 1.69) 0.006 0.85 (0.65 to 1.13) 0.27

Moderate stress 1.41 (1.14 to 1.75) 0.002 1.12 (0.85 to 1.48) 0.40

High stress 1.63 (1.34 to 1.98) <0.001 1.12 (0.84 to 1.49) 0.46

Model 3 (demographics, education, clinical, and behavioral factors), n=17 728 nevents=747 nevents=351

No stress (ref) 1.00 — 1.00 —

Low stress 1.36 (1.09 to 1.71) 0.007 0.84 (0.63 to 1.12) 0.23

Moderate stress 1.33 (1.06 to 1.66) 0.01 1.12 (0.84 to 1.48) 0.43

High stress 1.57 (1.28 to 1.91) <0.001 0.97 (0.72 to 1.31) 0.84

CHD indicates coronary heart disease; hazard ratio.
*Number of events and crude incidence rates based on data that exclude participants that refused to provide income (n=3031).
†Model 1: adjusts for age, sex, race, urban, stroke region, and education. Model 2: adjusts for model 1 characteristics and systolic blood pressure, antihypertensive medication use, total
cholesterol, HDL cholesterol, statin use, diabetes. Model 3: adjusts for model 2 characteristics and smoking, exercise, alcohol use, body mass index.
‡Referent group is the lowest category for perceived stress scale, which represents participants with the lowest Perceived Stress Scale score.
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follow-up among US inner-city asthmatics.52 Furthermore, a
very recent publication exploring the association of the 4-item
PSS with high blood pressure among a French cohort showed
perceived stress was negatively associated with high blood
pressure among individuals of high occupational status but
positively associated among those of low status or unem-
ployed.53 In addition, similar to our study, the study by Arnold
et al showed that groups with higher stress as measured by
the 4-item PSS had a higher proportion of women and a lower
proportion of whites.29 Their study did not have information
on income; however, the high-stress group had a higher
proportion of individuals who “avoided care due to cost.” Last,
baseline data were assessed at a single time point, and stress
may vary over time. Of note, a recent study using the 10-item
version of the PSS showed that across 3 national surveys
administered in 1983, 2006, and 2009, women reported
greater stress than did men; stress decreased with increasing
age, education, and income; and minorities tended to report
more stress than did whites.54

In conclusion, we found that perceived stress was
associated with incident CHD and all-cause mortality for
low-income individuals but not for those reporting high
income, adding to prior literature reporting a significant
association of stress with CVD and mortality.14,16,55,56 Our
findings suggest that screening for stressors within the health
care setting may be warranted among low-income individuals.
Furthermore, these findings support the expansion of tailored
clinical and community-based interventions aimed toward
reducing stress in low-income communities, which may
contribute to the reduction of disparities in CHD outcomes
and all-cause mortality.
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