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Abstract

Background: Black women are less likely to be evaluated and treated for anginal symptoms, despite a higher
premature cardiac mortality rate compared to white women. Our objective was to compare angina symptoms in
black versus white women regarding (1) angina symptoms characterization; (2) relationship with obstructive
coronary artery disease (CAD); and (3) relationship with subsequent mortality.
Methods: A cohort of 466 women (69 black and 397 white) undergoing coronary angiography for suspected
ischemia and without prior history of CAD completed symptom checklists. Four symptom clusters (CHEST,
UPPER, STOMACH, and TYPICAL TRIGGERS) were derived by factor analysis. All angiograms were analyzed
by core lab. Mortality data over 10 years were obtained from National Death Index.
Results: (1) Black women had lower mean CHEST cluster scores (0.60 – 0.30 vs. 0.73 – 30, p = 0.002), but higher
STOMACH scores (0.41 – 0.25 vs. 0.30 – 0.25, p = 0.011) than white women. (2) Prevalence and severity of CAD did not
differ in black and white women and was not predicted by symptom cluster scores. (3) All-cause mortality rates were
24.9% in blacks versus 14.5% in whites, p = 0.007; and cardiovascular mortality 22.5% vs.8.8%, p = 0.001. Symptom
clusters were not predictive of adverse events in white women. However, black women with a low TYPICAL score
had significantly higher mortality compared to those with a high TYPICAL score (43% vs. 10%, p = 0.006).
Conclusions: Among women undergoing coronary angiography, black women report fewer chest-related and
more stomach-related symptoms, regardless of presence or severity of CAD, and these racial symptom pre-
sentation differences are linked with the more adverse prognosis observed in the black women. Atypical
symptom presentation may be a barrier to appropriate and timely diagnosis and treatment and contribute to
poorer outcomes for black women.

Introduction

Advances in cardiovascular (CV) therapies have led to
significant declines in death rates for men. Similar de-

clines have not been realized for women. Among middle-aged

women, mortality has increased by 1.3% per year since 1997.1

Even less progress has been reported among black compared
to white women.1–4 Studies comparing treatments and out-
comes between black and white patients with acute coronary
syndromes (ACS)2–4 or suspected coronary artery disease
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(CAD) support the presence of racial disparities in referrals to
catheterization and revascularization procedures and preven-
tive therapies.5–7 National health agencies have emphasized
the goal of reducing racial minority disparities in health.8

The importance of addressing racial/ethnic disparities in
health and health care is a national goal and clinical cultural
competence is an important part of the greater framework to
improve care for all Americans and eliminate disparities.9

Proposed explanatory factors for racial disparities include
biological differences, cultural differences, differential access
to health care, provider bias, and patient preferences and
beliefs. One poorly understood factor is potential differences
in the quality of chest pain. Chest pain is a major symptom
driving triage decisions and treatments for CAD patients.
Often women present with chest pain symptoms that differ in
type, frequency and quality from ‘‘typical’’ anginal symptoms
defined in primarily male populations.10–13 We hypothesized
that black and white women undergoing coronary angiog-
raphy would differ in the way they reported their symptoms.

We compared black and white women regarding: (1)
characterization of anginal symptoms, (2) relationship be-
tween anginal symptoms and the presence of angio-
graphically confirmed obstructive CAD; and (3) relationship
between anginal symptoms and adverse outcomes, including
all-cause and CV mortality and myocardial infarction (MI),
heart failure (HF), or stroke.

Materials and Methods

Study population

Participants were enrolled in the National Heart, Lung, and
Blood Institute-sponsored Women’s Ischemia Syndrome
Evaluation (WISE) study, designed to improve the under-
standing of the pathophysiology of myocardial ischemia in
women with and without obstructive CAD and to improve
diagnostic testing for CAD in a large sample of women un-
dergoing clinically-indicated coronary angiography.14 In-
stitutional review board approval was obtained from four
participating sites (Birmingham, Alabama; Gainesville, Flor-
ida; and two hospitals in Pittsburgh, Pennsylvania). Prior to
enrollment, participants provided written informed consent
for baseline and follow-up testing. Women were eligible for
inclusion if they were older than 18 years and were under-
going physician-referred coronary angiography for suspected
CAD. Women were excluded if they were pregnant, had a
history of cardiomyopathy or congenital heart disease, or a
recent history of MI or revascularization procedures. In order
to complete the study questionnaires women had to be able to
read and speak English.14

Due to concerns that a prior CAD diagnosis could bias the
symptom reports of participants, we excluded 291 women
with a known history of CAD from the full WISE sample of
936. Seven women who were neither black nor white were
excluded also. Of the remaining 645 women, 466 completed a
symptom history questionnaire (added to the WISE baseline
protocol several months after initiation of WISE baseline
testing) and comprised the sample for these analyses.

Baseline evaluation

Upon enrollment, demographic information, complete
medical and reproductive histories, a physical exam, and core

lab blood assays were collected. Functional status was as-
sessed using the Duke Activity Status Index.15 Chronic envi-
ronmental stress, previously shown to be associated with an
increased risk for CAD16 was sampled at study entry by a
single 5-point question that has been demonstrated to be
predictive of future adverse cardiac events in patients with
CAD. 17 Because atypical chest pain descriptors have been
reported specifically in Southern blacks, 18 we included a re-
gional (north versus south) variable. The complete WISE de-
sign and methodology have been described elsewhere.14

Symptom characteristics and anginal classification

At baseline and follow-up (6 weeks and annually), all
women completed a brief symptom questionnaire to assess
the presence of typical angina (defined as symptoms that were
substernal, precipitated by emotional stress or exercise, and
relieved within 10 minutes by rest or nitroglycerine).19 At
baseline women completed a symptom checklist developed
by WISE investigators to assess symptoms over the past 12
months. Questions included: 23 symptom type items (e.g.,
chest tightness, nausea, weakness/fatigue/faintness); 14
symptom locations (e.g., chest, throat, stomach); 9 symptom
triggers (e.g., upper body exertion, strong emotions); 10
symptom relievers (e.g., rest, nitroglycerin); and 11 symptom
descriptions (e.g. numbness, sharpness). Symptom frequency
was rated from 1 to 9 times per day, week, month, or year.
Symptom intensity was scored on a 5-point ordinal scale with
1 denoting tolerable, no relief needed to 5 denoting not tol-
erable, not relieved with usual measures. Symptom duration
was rated as less than 1 minute, 1–5 minutes, 5–15 minutes,
15–30 minutes, 30–60 minutes, and more than 60 minutes.’’

Forty percent of the women (32% black and 42% white)
completed the symptom questionnaire prior to or on the same
day as angiography. Those administered on the same day
were usually scheduled before the patient entered the heart
catheterization lab.

Quantitative angiographic assessment of CAD

All coronary angiograms performed at enrollment were
analyzed quantitatively and qualitatively at the WISE angio-
graphic core laboratory (Rhode Island Hospital) by investi-
gators blinded to all other clinical data. The presence of
obstructive CAD was defined as ‡ 50% stenosis in ‡ 1 major
epicardial coronary artery. An angiographic CAD severity
index was calculated based on stenosis severity weighted by
proximal lesion.20 Interobserver variability for this lab was
0.196 mm with a 6.3% coefficient of variation.20

Follow-up procedures

Telephone or mail follow-up at six weeks and annually
thereafter was conducted by experienced study clinicians
using a scripted interview. It included queries regarding
health status, hospitalizations, medications, diagnostic or re-
vascularization procedures, and CV events since the last
contact. In the event of death, a death certificate and/or
physician narrative was obtained. Follow-up information was
collected for 459 women for a median of 6.1 years.

We also conducted a National Death Index search for all
women who were still alive at last contact. This increased the
sample to 466 women and extended the follow up period for

ANGINAL SYMPTOMS PRESENTATIONS 725



mortality (only) to a median of 9.3 years. All deaths were
adjudicated as CV or non-CV by WISE investigators blinded
to angiographic findings. In addition to individual events
(MI, HF, stroke, death, and CV death), we created two com-
posite adverse outcomes: (1) a major event was defined as a
nonfatal MI, HF, stroke or death due to all causes; and (2) a CV
event was defined as a nonfatal MI, HF, stroke, or death due to
CV causes.

Statistical methods

Demographic and clinical data are reported as
means – standard deviations for continuous variables or as
percentages for dichotomous variables. All p-values com-
paring data in black versus white women were age adjusted
using logistic or linear regression. For variables with skewed
distributions, we present medians (interquartile ranges) and
used their log transformations when calculating age-adjusted
p-values.

To identify symptom types, 67 symptom descriptor vari-
ables from the WISE Symptom History checklist and baseline
clinical history form (including diabetes, hypertension, age,
etc.) were entered into an exploratory factor analysis, using
orthogonal and oblique rotations. Exploratory factor analysis
is a mathematical model that reduces a large set of observed
variables (i.e., symptom descriptors) to a smaller set of ‘‘la-
tent’’ variables (factors or clusters). Schwartz’s criterion21 was
used to determine the optimal number of clusters, which in
this analysis was four. For each cluster, a symptom cluster
score was derived for each woman by adding the standard-
ized scoring coefficients for the symptom characteristics that
loaded highly ( > 0.40) on that factor and that the woman had
checked.

Multivariate linear regression analyses were performed to
identify variables that were independently associated with
each of the four symptom cluster scores. Previous information
has solely been reported on men, which led us to explore a
broad range of variables for women (Table 1).22,23,24 For each
symptom cluster score, modeling was conducted in several
steps: (1) forward stepwise regression of the symptom cluster
score on all variables in Table 1 to obtain a preliminary model;
(2) variables that did not enter the preliminary model were
forced, one at a time, into the model and retained if p < 0.05 or
if they modulated the major effects in the model; and (3) if race
did not enter significantly, it was forced into the model.

A two-way analysis of covariance was conducted to estimate
joint effect of race (black versus white) and obstructive CAD
(presence versus absence) on each of the four symptom cluster
scores while adjusting for covariates identified in the regression
modeling. A race by CAD interaction term was evaluated.

Adverse event rates were estimated using Kaplan-Meier
methods. Following the same modeling procedure, we used
stepwise Cox proportional hazard regression analyses to se-
lect independent covariates of adverse events. All analyses
were performed using the SAS 9.2 software. Statistical sig-
nificance was set at p < 0.05.

Results

Baseline demographics and CAD risk factors

The mean age of the 466 women was 57 (21–85) years and
13% were < 45 years old; 22% had obstructive CAD. Sixty-

nine women (15%) were black. Although black women were
significantly younger ( p = 0.03), they had more CAD risk
factors than white women (Table 1), including more obesity;
higher rates of diabetes; hypertension; higher levels of blood
glucose, insulin, and creatinine; and lower levels of hemo-
globin and functional capacity. Blood pressure was higher in
black women despite an almost double use of hypertension
medications. White women had more dyslipidemia, partic-
ularly elevated triglycerides, than did black women. Despite
these differences, there were no significant racial differences
in the prevalence or severity of obstructive CAD (Table1). As
described in the Methods, women with prior history of CAD
were excluded from the analyses. The women not included
in this analysis were older, had more prevalence and severity
of CAD, and had higher rates and severity of CAD risk fac-
tors including diabetes, dyslipidemia, and less functional
capacity.

Factor structure of symptoms

Table 2 presents four symptom cluster scores generated by
factor analysis. Together, they explained 62% of the total
symptom variance. The following symptom clusters were
identified and named: (1) UPPER, explaining 34% of the total
variance and ranging from 0 to 1.3, loaded highly on upper
body symptoms, including arm, hand, shoulder, neck, back,
and jaw; (2) CHEST, explaining 12% of the total variance and
ranging from 0 to 1.04, loaded highly on chest symptoms and
general malaise, including chest discomfort, pressure, tight-
ness, fatigue, and shortness of breath; (3) STOMACH, ex-
plaining 9% of the total variance and ranging from 0 to 1.09,
loaded highly on abdominal symptoms, including indiges-
tion, esophagus, throat, abdomen; and (4) TYPICAL, ex-
plaining 7% of the total variance and ranging from 1 to 1.24,
loaded highly on angina triggers and relievers, including
triggers of exertion and emotion, and relief by resting or
stopping the activity. Chronbach’s alphas for the UPPER,
CHEST, STOMACH, and TYPICAL symptom clusters were
0.82, 0.76, 0.73, and 0.76, respectively.

Symptom cluster scores in black versus white women

Black women had lower mean CHEST cluster scores
( p = 0.002), but higher STOMACH scores ( p = 0.011) than
white women (Table 3). UPPER and TYPICAL cluster scores
did not differ between black and white women and re-
mained consistent in multivariate modeling. White race re-
mained strongly predictive of higher CHEST cluster scores
(beta = 0.14, standard error [SE] 0.04, p = 0.0006) in a model
that included younger age ( p < 0.0001), low functional ca-
pacity ( p < 0.0001), high self-reported stress ( p = 0.009),
higher number of live births ( p = 0.002), ever hormone ther-
apy use ( p = 0.015), and residing in the South (Alabama or
Florida vs. Pittsburgh) ( p = 0.002). Similarly, black race re-
mained predictive of higher STOMACH scores (beta = –0.10,
SE 0.03, p = 0.003) in a model that included high self-reported
stress ( p = 0.008) and body mass index ( p = 0.032) (models
not shown). The other variables (diabetes, hypertension, age,
etc) from Table 1 were not independent predictors of
symptom clusters and did not act as effect modifiers on the
relationships between race and symptom clusters. Race
continued not to be predictive of the UPPER and TYPICAL
symptom clusters in multivariate modeling.
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The association of the four symptom clusters
with obstructive CAD in black versus white women

When forced into the multivariate regression models, nei-
ther presence nor severity of obstructive CAD was signifi-

cantly correlated with any of the symptom cluster scores.
Similarly, race by CAD interaction terms were not significant
( p-values from 0.14 to 0.69). Figure 1 gives the adjusted
CHEST and STOMACH scores stratified by race and presence
vs. absence of obstructive CAD and adjusted for the

Table 1. Baseline Characteristics by Race

Combined Black White Age-adjusted
(n = 466) (n = 69) (n = 397) p*

Demographics
Age (years) 57 – 11 54 – 11 57 – 11 0.029
High school education or more (%) 83 74 85 0.013

Body size
Waist circumference (inches) 36.3 – 6.6 38.2 – 6.1 35.9 – 6.6 0.009
BMI (kg/M2) 29.6 – 6.5 31.3 – 5.6 29.3 – 6.6 0.036

Risk factors
HX diabetes (%) 18 36 15 < 0.0001
HX hypertension (%) 53 78 49 < 0.0001
Presence of ‡ 1 comorbidities (%) 34 49 32 0.003
No. of comorbidities (mean – SD) 0.39 – 0.62 0.61 – 0.73 0.35 – 0.59 0.009

Blood pressure measures
Systolic BP (mmHg) 136 – 20 145 – 22 135 – 20 < .0001
Diastolic BP (mmHg) 77 – 10 80 – 11 77 – 10 0.009

Lab values
Total cholesterol (mg/dL) 197 – 44 185 – 39 200 – 45 0.019
Triglycerides (mg/dL) (median[interquartile range]){ 119 (79, 180) 83 (53, 124) 100 (86, 147) < 0.0001
Triglycerides/HDL ratio (medians) 2.2 (1.4, 3.6) 1.5 (0.9, 2.5) 2.4 (1.5, 3.8) < 0.0001
Non-HDL cholesterol (mg/dL) 143 – 44 129 – 38 146 – 44 0.004
Fasting blood glucose (mg/dL) (medians) 95 (84, 116) 100 (86, 147) 95 (84, 112) 0.003
Insulin (lIU/mL), (medians) 7.6 (4.3, 12.1) 11.2 (6.2, 17.1) 7.1 (4.1, 11.5) 0.006
eGFR (mL/minute) 98 – 35 97 – 38 99 – 34 0.08
Hemoglobin (g/dL) 13.1 – 1.3 12.3 – 1.1 13.2 – 1.2 < 0.0001
HOMA (medians) 2.1 (1.0, 3.2) 2.9 (1.9, 5.5) 1.9 (1.0, 3.0) 0.001

Recent medications
Anti-HTN meds (%) 42 65 38 < 0.0001
Lipid lowering meds (%) 21 28 20 0.059

Other risk factors
No. of live births 2.8 – 1.8 3.3 – 2.6 2.7 – 1.6 0.003
Functional capacity (DASI) 22.7 – 15.4 17.9 – 14.3 23.5 – 15.4 0.004

Angiographic findings
CAD (50% stenosis{) (%) 22 26 21 0.18
CAD severity score 10.6 – 10.8 10.2 – 11.6 10.6 – 10.6 0.87

Residential location
South (Alabama, Florida) (%) 51 87 45 < 0.0001

Symptom history
Typical angina (%) 31 27 31 0.46
Symptom frequency almost 1/day or more (%) 37 30 38 0.14
Symptom severity at worst > 3 (%) 63 64 63 0.93
Number of symptom types checked (mean) 10.2 – 4.6 11.3 – 4.9 10.2 – 4.6 0.070
Number of symptom types checked ‡ 12 (%) 36 48 34 0.03

*Nonsignificant risk factors and their age-adjusted p-values: post-menopausal status, waist to hip ratio (0.27); low-density lipoprotein
cholesterol (LDL-C) (0.15); high-density lipoprotein cholesterol (HDL-C) (0.08); family history of coronary artery disease (CAD) (0.31); history
of dyslipidemia (0.45); ever smoking (0.52), current smoker (0.19); self-reported stress level (0.10), ever hormone replacement therapy (HRT)
user (0.52); current HRT user (0.20); other medication user.

{Means – standard deviations (SD), percentages (%), or medians and interquartile ranges for highly skewed distributions.
{Comorbidities included diabetes, chronic obstructive pulmonary disease, chronic renal dysfunction, congestive heart failure (HF),

autoimmune disease, anorexia nervosa, alcoholism ( ‡ 25 drinks/week), other (included HIV, ulcerative colitis, myasthenia gravis,
Parkinson’s disease, Sheehan’s syndrome, multiple sclerosis, Hashimoto disease, and Wilson’s disease).
xExcept for age, all p-values were age-adjusted using linear regression for continuous variables (e.g., BMI) and logistic regression for

dichotomous variables (e.g., history of diabetes).
BMI, body mass index; BP, blood pressure; DASI, Duke activity status index; eGFR, estimated glomerular filtration rate; HOMA,

homeostatic model assessment: HOMA-IR = [(Glucose · Insulin)/22.5]; glucose in molar units mmol/L; HTN, hypertension; HX, history of.
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independent predictors identified in the multivariate model-
ing. The higher STOMACH scores and lower CHEST scores
remained evident in black women regardless of CAD status,
while presence versus absence of CAD did not differ across
the races.

Noting that women tended to check a large number of
symptom types and locations on the symptom history
checklist, we counted the number of symptom types that
were checked by each woman (data not shown). Out of a
possible 23 symptom types, we evaluated the percent of
women who checked ‡ 12 ( > 50% of available) symptom
types. Overall, 48% of black women and 34% of white wo-
men checked ‡ 12 symptom types ( p = 0.030). Although
there was no difference between blacks and whites without
CAD ( p = 0.15), black women with CAD were twice as likely
as whites to check a large number and variety of symptoms
(50% vs. 26%, p = 0.043).

Symptom cluster scores as predictors
of adverse events

Kaplan-Meier estimated event rates are given in Table 4.
Among 459 women with a median of 6.1 years follow-up for
nonfatal events, 2.5% experienced an MI, 6.1% HF, and 5.6%
stroke. Black women had double the number of nonfatal
events compared to whites; this difference was significant for
HF ( p = 0.045) and stroke ( p = 0.028). Similarly, among wo-
men with a median of 9.3 years of follow-up for death, blacks
had double the mortality rates of whites for all-cause
( p = 0.007) and CV ( p = 0.001) mortality. Over 1 out of 4 black
women had a major adverse event (including mortality),
compared to 1 out of 7 white women. In the black women,
87% of the deaths versus 68% in white women were due to
CV-related causes. Because major non-fatal events were
tracked for a median of only 6.1, the rates of the composite
major and CV events are an under-estimate.

To determine whether symptom clusters predicted adverse
outcomes differentially by race, we performed separate mul-
tivariate Cox proportional hazards regressions, one for each
symptom cluster, and fit race-by-symptom cluster interaction
terms. After adjusting for predictors of adverse events (dia-
betes, total cholesterol, history of hypertension, and CAD
severity score), only the TYPICAL-by-race interaction term
reached statistical significance for predicting all-cause mor-
tality ( p = 0.003). When adjusting for location (South vs.
North), southern location was an independent predictor of
worse major outcomes ( p = 0.0006). Even with that term in the
model, the TYPICAL-by-race interaction term remained a
statistically significant predictor of major outcomes
( p = 0.008). The differential effect of the TYPICAL cluster score
on all-cause mortality stratified by race and high versus low
TYPICAL symptoms is shown in Fig. 2. High versus low
TYPICAL cluster scores were based on a median split cut
point of 0.71. Compared to white women with low TYPICAL
scores, black women with low TYPICAL scores had signifi-
cantly higher mortality (57% survival rate over 9.3 years). In
contrast, all white women and black women with high TY-
PICAL trigger scores had about 90% survival over 9.3 years.

Discussion

Using factor analysis to identify symptom clusters in a well-
characterized population of women with suspected CAD, we
found important differences in symptom presentation among
black versus white women. Black women were more likely to
report stomach symptoms and less likely to report chest
symptoms than white women. These differences persisted
regardless of the presence of obstructive CAD, which oc-
curred about equally, and its severity, which was similar, in
black and white women. Black women had double the rates of

Table 2. Symptom Domains Derived by Varimax

Rotation and Corresponding Symptom Variables

Symptom description
Factor
loading

Standardized
scoring

coefficients

Factor 1: upper body, no chest
Arm location 0.65 0.18
Hand location 0.61 0.17
Arm or shoulder pain 0.60 0.18
Shoulder location 0.58 0.13
Numbness, tingling in arm or hand 0.57 0.14
Neck location 0.51 0.12
Neck pain 0.48 0.10
Numbness 0.48 0.10
Back location 0.42 0.08
Jaw location 0.42 0.10

Factor 2: chest, general malaise
Chest pressure 0.62 0.22
Chest tightness 0.57 0.17
Pressure 0.51 0.13
Weakness, fatigue, faintness 0.50 0.14
Shortness of breath 0.47 0.10
Tightness 0.45 0.10
Feel lousy, generally blah 0.43 0.11
Chest discomfort 0.40 0.07

Factor 3: abdominal discomfort
Heart burn, indigestion 0.52 0.15
Esophagus location 0.52 0.15
During or after meals 0.51 0.14
Description: indigestion 0.51 0.15
Throat location 0.50 0.14
Stomach location 0.50 0.13
Description: burning 0.49 0.12
Abdominal pain 0.44 0.11

Factor 4: typical triggers/relievers
Lower body exertion trigger 0.63 0.22
Stops when stopping activity 0.59 0.20
Whole body exertion trigger 0.57 0.19
Relieved by rest 0.50 0.14
Exertion or emotional stress trigger 0.49 0.15
Pain goes away with rest 0.49 0.15
Strong emotions, stress trigger 0.41 0.10
Upper body exertion trigger 0.40 0.09

Table 3. Symptom Cluster Scores in Black

and White Women

Black White
Symptom cluster (n = 69) (n = 397) p

UPPER 0.61 – 0.38 0.54 – 0.38 0.16
CHEST 0.60 – 0.30 0.73 – 0.30 0.002
STOMACH 0.41 – 0.25 0.30 – 0.25 0.011
TYPICAL 0.64 – 0.35 0.64 – 0.36 0.95
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both mortality and non-fatal adverse events over 6 and 9 years
of follow-up. Although, chest, upper body and stomach
symptoms were not predictive of adverse events, a low score
on the TYPICAL symptom cluster predicted downstream
mortality in black but not white women. This association was
independent of major risk factors, suggesting a novel path-
way contributing to the adverse prognosis experienced in
black women.

Our results are consistent with and expand observations
made by Klinger et al.5 who reported that black post MI pa-
tients were more likely to attribute their symptoms to the
stomach ( p = 0.05), and white patients were more likely to
attribute symptoms to the heart ( p = 0.05)5 Our results extend
this observation to actual symptom reporting and its rela-
tionship to obstructive CAD and adverse outcomes.

We also found differences in the quantity of symptoms.
Our finding that black women with CAD checked a greater
number and variety of symptoms than white women with
CAD are consistent with other studies.25,26 These differ-
ences may be explained in part by cultural differences in

symptom expression, as the majority of the black women in
this cohort were from the south. Studies have documented
that regional differences may affect the description and
experience of pain, which may result in misleading por-
trayals of CAD in southern U.S. populations.8 Whether
these are semantic or physiological distinctions is less im-
portant than the need for cultural sensitivity on the part of
treating clinicians.

Atypical symptom presentation in black women may be a
barrier to appropriate clinical diagnostic and treatment
regimens. Consistent with our findings, Brieger et al.9 com-
pared treatments and outcomes of patients without chest
pain to those with chest pain and found that patients lacking
chest pain received less effective care and had worse out-
comes. Prior data indicate that black women do not receive
care in accordance with best practice guidelines as often as
white women.8,21,27 Their atypical presenting symptomol-
ogy may be key to this problem. Our findings may help cli-
nicians to either raise or lower their index of suspicion based
on the symptom clusters their patients endorse. Knowing

FIG. 1. Mean adjusted CHEST
and STOMACH scores stratified by
race (black vs. white) and presence
vs. absence of obstructive CAD.
The ‘‘error bars’’ represent standard
deviations. Means were adjusted by
significant correlates of CHEST and
STOMACH scores. Means for
CHEST scores were adjusted
by age, functional capacity, self-
reported stress, number of live
births, ever hormone therapy use
and location (south vs. north).
Means for STOMACH scores were
adjusted by self-reported stress and
BMI. CAD, coronory artery disease;
BMI, body mass index.

Table 4. Adverse Events in Black and White Women: Kaplan-Meier Estimated Rates

n (%) with
event

n (%) with
event

n (%) with
event

Event
Observation
time (years) overall black white

p (black
vs. white)

Nonfatal events (median56.1 years of follow-up)* n5459 n569 n5390
MI 6.1 2.5% 3.6% 2.8% 0.66
HF 6.1 6.1% 10.8% 5.4% 0.045
Stroke 6.1 5.6% 11.1% 4.6% 0.028

Fatal and nonfatal events (median59.3 years of follow-up) n5466 n569 n5397
All-cause mortality 9.3 11.7% 19.9% 10.2% 0.007
CV mortality 9.3 8.4% 17.4% 6.9% 0.001
Major event{ 9.3 18.7% 29.0% 16.9% 0.007
CV event{ 9.3 16.1% 27.8% 14.1% 0.002

*These are not mutually exclusive.
{A major event was defined as non-fatal myocardial infarction (MI), HF, stroke, or death due to all causes.
{A cardiovascular (CV) event was defined as nonfatal MI, HF, stroke, or death due to CV causes.
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which symptom clusters are less likely to be associated with
CAD is as important as knowing which symptoms are. Our
findings inform clinicians that atypical symptoms of CAD
are common in women, and even more so in black women. In
addition, there is compelling evidence that signs and
symptoms of ischemia in the absence of obstructive disease
can be due to abnormal microvascular coronary flow reserve
and macrovascular endothelial dysfunction. Prior WISE
work demonstrates that women with persistent chest pain
but no obstructive disease have relatively high rates of ad-
verse CVD outcomes.28 These results suggest that practi-
tioners should carefully evaluate women presenting with
symptoms, especially black women who have a heavier
burden of risk factors and warrant aggressive risk factor
modification. Raising awareness among black women and
health care providers may increase early diagnosis/treat-
ment and decrease delay-related consequences in black
women.

These findings suggest that black women themselves may
not recognize atypical symptoms as cardiac-related, leading
to treatment-seeking delays and lack of optimal treatment.
13,26,29,30 Public campaigns to date have focused on typical
chest pain presentations8,10 and significantly lower rates of
awareness of heart disease risks have been documented in
black women than white women.31–33

Limitations

This study included women undergoing coronary angiog-
raphy for suspected CAD; our results are limited to this
population and may not be more broadly generalizable. Al-
though we over-sampled black women and have a higher
proportion compared to the U.S. Census, our subsample of
black women was relatively small compared with white wo-
men. Nonetheless, our findings of racial differences suggest
that further study should target this area with the goal of
reducing racial disparities, particularly among black women
who face the most adverse CAD risk.

Conclusions

Among women undergoing coronary angiography,
black women report fewer chest-related and more stomach-
related symptoms, regardless of presence or severity of

CAD. These racial symptom presentation differences are
linked with more adverse prognoses in black women. These
results suggest that atypical symptom presentation may be
a barrier to appropriate and timely diagnosis and treatment
and contribute to poorer outcomes for black women.
However although typical symptoms and mortality rates
were not high in white women, providers still need to have
a high index of suspicion for CAD presentations in ALL
women.

Future research should evaluate whether symptom clusters
by race are related to differential utilization of diagnostic and
treatment strategies and quality of life. Additional race and
symptom research is needed to determine the influence of
culture on symptom presentation and to develop and test
interventions aimed at raising awareness of symptom pre-
sentation, especially in black women, among healthcare pro-
viders and the general population.
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