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Introduction

Increasing evidence demonstrates that African-American 
patients with coronary artery disease (CAD) experience a 
high rate of adverse cardiovascular events (1,2), becoming 
a major public health problem in the United States. The 
reasons underlying this disparity in clinical outcomes 
remain a source of ongoing investigation. Previous studies 

have reported that African-Americans exhibit a higher 
prevalence of major risk factors, including smoking, 
hypertension, diabetes and obesity, which may contribute 
to worse outcomes (3-5). These differences are related, 
in part, to diminished access to health care services and 
underutilization of preventive therapies (6-8). However, 
it remains to be determined whether other differences in 
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disease pathophysiology may contribute to the clinical 
expression of the disease in African-Americans.

Mechanist ic  studies  have demonstrated a  high 
prevalence of endothelial dysfunction, a critical early 
event in atherogenesis, in African-Americans (9-11). It is 
unknown whether other molecular events implicated in 
atherosclerosis are upregulated. Furthermore, no systematic 
assessment of coronary atherosclerosis and its progression 
has been performed in African-Americans with arterial wall 
imaging.

Intravascular ultrasound (IVUS) imaging generates high 
resolution imaging of the full thickness of the artery wall, 
permitting precise quantitation of atheroma burden and 
progression on serial evaluation. This enables assessment 
of the effects of anti-atherosclerotic therapies and 
characterization of the clinical factors that influence disease 
progression (12-20). The objective of the current analysis 
was to characterize the burden and progression of coronary 
atherosclerosis in African-American patients with CAD.

Methods

Study population

The analysis pooled data from 7 clinical trials that assessed 
the impact of medical therapies on changes in coronary 
atheroma burden using IVUS (14-20). Each study enrolled 
patients with angiographic CAD, defined as the presence 
of a lumen stenosis greater than 20% in at least one major 
epicardial coronary artery on a clinically indicated coronary 
angiogram. Each study was approved by the institutional 
review boards of the participating clinical trial sites, and 
all participants provided informed written consent before 
enrollment.

Acquisition and analysis of IVUS images

The methods for acquisition and analysis of IVUS images 
have been described in detail previously (14-20). In brief, 
a target vessel without luminal stenosis greater than 50% 
in a segment of at least 30 mm in length was selected for 
imaging. The vessel was required to not have undergone 
previous revascularization or represent the culprit vessel 
for a prior myocardial infarction. After anticoagulation 
therapy and administration of intracoronary nitroglycerin, 
an imaging catheter containing a high-frequency ultrasound 
transducer (30-40 MHz) was inserted distally within the 
coronary artery. Ultrasonic images were continuously 

recorded on videotape during withdrawal of the catheter at 
a constant rate of 0.5 mm/s. Imaging was performed within 
the same coronary artery at baseline and at the end of the 
study, after 18-24 months of treatment.

The recorded images were digitized for subsequent 
analysis. An anatomically matched segment was defined at 
the 2 time points on the basis of proximal and distal side 
branches (fiduciary points). Cross-sectional images spaced 
precisely 1-mm apart were selected for measurement. The 
leading edges of the lumen and external elastic membrane 
(EEM) were traced by manual planimetry. Atheroma 
volume was calculated as the summation of plaque area, 
defined as the difference between EEM and lumen area, in 
each measured image, and then normalized to account for 
differences in segment length between different subjects:

Atheroma volume (mm3) = [Σ (EEMarea–Lumenarea)/
number of slices in pullback] × median number of slices in 
study population

The percent atheroma volume was calculated as the 
proportion of vessel wall volume occupied by atherosclerotic 
plaque:

Percent atheroma volume (%) = [Σ (EEMarea–Lumenarea)/
Σ EEMarea] ×100

Volumes occupied by the lumen and EEM were similarly 
calculated by summation of their respective areas in each 
measured image and subsequently normalized to account 
for differences in segment length between subjects.

Calcification was defined as the presence of high signal 
intensity with acoustic shadowing. Percentage of images 
containing calcification through the imaging segment 
was compared between African-American and Caucasian 
patients with CAD.

Statistical analysis

Clinical characteristics were presented as percentage for 
categorical variables and mean ± SD continuous variables 
or median (interquartile range) when continuous variables 
were not normally distributed. Groups were compared 
using two-sample t tests or Wilcoxon rank-sum tests 
for continuous variables and chi-square or Fisher’s exact 
tests for categorical variables, depending on the pattern 
of distribution of data. Mixed-effects models compared 
changes in atheroma volumes between groups, including 
baseline atheroma volume as a covariate and adjusting for 
trial differences. Medical history, concomitant medication 
use and lipid parameters were also considered for inclusion 
into the model and a stepwise elimination procedure was 
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used to determine the final model. A propensity score for 
African-American patients was generated using logistic 
regression analysis, including all clinical variables and 
potential differences from Whites. Each African-American 
patient was subsequently matched with three Caucasians 
using the propensity score. The c-statistic for the propensity 
score was 0.81 indicating good discrimination between 
the two groups. A two-sided P value <0.05 was considered 
statistically significant. All statistical analyses were 
performed using SAS software, version 9.2 (SAS Institute, 

Cary North Carolina).

Results

Baseline characteristics

In the current study, 4.8% of study population was African-
American patients. Clinical characteristics of patients are 
summarized in Table 1. African-American patients were 
more likely to be female (51.8% vs. 28.1%, P<0.001) and 

Table 1 Baseline clinical characteristics

Caucasians (n=3,309) African-Americans (n=170) P-value

Age (years) (mean ± SD) 57±9 56±8 0.14

Female (%) 28.1 51.8 <0.001

Body mass index (kg/m2) (mean ± SD) 31.3±5.8 32.8±6.0 0.002

Hypertension (%) 78.8 85.9 0.02

Diabetes mellitus (%) 30.6 41.8 0.002

Hyperlipidemia (%) 75.3 75.3 0.99

Previous PCI (%) 43.9 45.4 0.71

Previous myocardial infarction (%) 30.1 27.6 0.49

Previous stroke (%) 3.0 12.9 <0.001

Current tobacco use (%) 21.4 23.9 0.43

Baseline medications

Statin use (%) 75.6 78.2 0.42

Beta-blocker use (%) 73.9 79.4 0.11

Aspirin use (%) 93.4 91.2 0.24

ACE inhibitor use (%) 49.0 48.2 0.84

Calcium-channel blocker use (%) 33.1 42.4 0.04

Oral anti-diabetic drug (%) 23.8 36.5 <0.001

Insulin (%) 8.4 20.6 <0.001

Baseline parameters

Total cholesterol (mmol/L) (mean ± SD) 4.6±1.1 4.7±1.2 0.55

LDL-cholesterol (mmol/L) (mean ± SD) 2.7±0.9 2.8±0.9 0.15

HDL-cholesterol (mmol/L) (mean ± SD) 1.1±0.3 1.2±0.3 <0.001

Triglyceride (mmol/L) [median (interquartile range)] 1.6 (1.2, 2.3) 1.2 (0.9, 1.6) <0.001

Non-HDL cholesterol (mmol/L) 3.5±1.1 3.4±1.2 0.27

CRP (mg/dL) [median (interquartile range)] 2.6 (1.2, 5.5) 4.4 (1.5, 7.2) <0.001

HbA1c (%) (mean ± SD) 6.4±1.3 6.9±1.4 0.002

Fasting glucose (mmol/L) (mean ± SD) 6.3±2.2 6.6±2.6 0.14

Systolic blood pressure (mmHg) (mean ± SD) 127±16 129±17 0.11

Diastolic blood pressure (mmHg) (mean ± SD) 75±9 77±10 0.03

ACE, angiotensine converting enzyme; CRP, C-reactive protein; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, 

low-density lipoprotein; PCI, percutaneous coronary intervention
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have a higher body mass index (32.8±6.0 vs. 31.3±5.8 kg/m2, 
P=0.002), and have prevalent hypertension (85.9% vs. 
78.8%, P=0.02), diabetes (41.8% vs. 30.6%, P=0.002) and 
prior stroke (12.9% vs. 3.0%, P<0.001) than Caucasian 
patients. Apart from a higher rate of use of calcium-channel 
blocker (42.4% vs. 33.1%, P=0.04), oral anti-diabetic agents 
(36.5% vs. 23.8%, P<0.001) and insulin (20.6% vs. 8.4%, 
P<0.001) in African-American patients, no other differences 
in medication use were observed between two groups. 
African-American patients demonstrated higher levels of 
high-density lipoprotein cholesterol (HDL-C: 1.2±0.3 vs. 
1.1±0.3 mmol/L, P<0.001), c-reactive protein (CRP: 4.4 vs. 
2.6 mg/dL, P<0.001), glycated hemoglobin (6.9%±1.4% vs. 
6.4%±1.3%, P=0.002) and diastolic blood pressure (77±10 
vs. 76±9 mmHg, P=0.03), and lower triglyceride levels 
(1.2 vs. 1.6 mmol/L, P<0.001) compared with Caucasians. 

Assigned treatments in each IVUS clinical trials were also 
summarized in Table 1. There were no significant differences 
in assigned medical therapies of each trial between African-
American and Caucasian patients.

Risk factor control

Concomitant medication use and risk factor control 
during the course of the trials are summarized in Table 2. 
African-American patients were less likely to be treated 
with aspirin (88.8% vs. 94.5%, P=0.002) and more likely 
to be treated with a calcium-channel antagonist (48.2% 
vs. 37.7%, P=0.006), oral anti-diabetic drug (43.5% vs. 
28.0%, P<0.001) and insulin (19.4% vs. 9.3%, P<0.001). 
Despite frequent use of lipid and blood pressure lowering 
therapies in both groups (93% statin, 89% aspirin, 79% 

Table 2 On-treatment medications and risk factor control of overall patients

Caucasians (n=3,309) African-Americans (n=170) P-value

Concomitant medications

Statin use (%) 94.7 92.9 0.33

Beta-blocker use (%) 76.4 78.8 0.46

Aspirin use (%) 94.5 88.8 0.002

ACE inhibitor use (%) 55.1 52.4 0.48

Calcium-channel blocker use (%) 37.7 48.2 0.006

Oral anti-diabetic drug (%) 28.0 43.5 <0.001

Insulin (%) 9.3 19.4 <0.001

On-treatment parameters

Total cholesterol (mmol/L) (mean ± SD) 4.2±0.9 4.4±0.9 0.06

LDL-cholesterol (mmol/L) (mean ± SD) 2.2±0.7 2.4±0.7 0.006

HDL-cholesterol (mmol/L) (mean ± SD) 1.2±0.4 1.3±0.4 0.001

Triglyceride (mmol/L) [median (interquartile range)] 1.5 (1.1, 2.0) 1.2 (0.9, 1.6) <0.001

Non-HDL cholesterol (mmol/L) 2.9±1.0 2.9±1.1 0.75

CRP (mg/dL) [median (interquartile range)] 2.0 (1.0, 4.4) 2.9 (1.3, 7.0) <0.001

HbA1c (%) (mean ± SD) 6.4±1.2 7.3±1.7 <0.001

Fasting glucose (mmol/L) (mean ± SD) 6.4±1.9 6.7±2.3 0.17

Systolic blood pressure (mmHg) (mean ± SD) 128±13 133±15 <0.001

Diastolic blood pressure (mmHg) (mean ± SD) 76±7 78±7 0.001

The prevalence of patients with optimal controlled risk

LDL-C < 2.1 mmol/L (%) 42.8 34.1 0.02

CRP < 2.0 mg/dL (%) 49.3 37.3 0.004

Systolic blood pressure <130 mmHg (%) 58.9 44.2 <0.001

ACE, angiotensine converting enzyme; CRP, c-reactive protein; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, 

low-density lipoprotein
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β-blocker, 52% ACE inhibitor), African-American patients 
demonstrated higher levels of low-density lipoprotein 
cholesterol (LDL-C: 2.4±0.7 vs. 2.2±0.7 mmol/L, P=0.006), 
CRP (2.9 vs. 2.0 mg/dL, P<0.001), systolic blood pressure 
(133±15 vs. 128±13 mmHg, P<0.001) and diastolic blood 
pressure (78±7 vs. 76±7 mmHg, P=0.001) compared with 
Caucasian patients. This translated to a lower proportion 
of African-American patients with more optimal lowering 
of LDL-C <2.1 mmol/L (34.1% vs. 42.8%, P=0.02), 
CRP <2.0 mg/dL (37.3% vs. 49.3%, P=0.004) and systolic 
blood pressure <130 mmHg (44.2% vs. 58.9%, P<0.001). 
In contrast, African-American patients demonstrated more 
favorable levels of HDL-C (1.3±0.4 vs. 1.2±0.4 mmol/L, 
P=0.001) and triglycerides (1.2 vs. 1.5 mmol/L, P<0.001).

Atherosclerosis burden and progression

Ultrasound-derived measures of atheroma burden and 
vascular dimensions at baseline and their serial changes 

are summarized in Tables 3,4, respectively. There were 
no significant differences in IVUS measures between 
the groups at baseline (Table 3). Propensity matching 
analysis also showed the same characteristics of coronary 
atherosclerosis in two groups (Table 3). On serial evaluation, 
a greater increase in atheroma volume was observed in 
African-American patients (+0.51±2.14 vs. –3.06±1.66 mm3, 
P=0.01). Subsequent propensity matching for clinical 
factors produced a comparison, whereby on-treatment 
systolic (133.1±14.5 vs. 129.2±12.3 mmHg, P=0.002) and 
diastolic (78.5±7.1 vs. 77.2±7.8 mmHg, P=0.05) blood 
pressure levels remained higher in African-American 
patients. Propensity analysis revealed that the greater 
increase in atheroma volume in African-American patients 
persisted (+0.13±2.10 vs. –3.71±1.69 mm3, P=0.02). Further 
adjustment for differences in baseline atheroma volume, 
risk factors, medication use, lipid and blood pressure levels 
still demonstrated greater progression of atheroma volume 
in African-American patients (+1.83±2.29 vs. –2.08±1.53 mm3, 

Table 3 Baseline IVUS measures in overall patients and propensity-matched patients

Overall patients Propensity matched patients

Caucasians 

(n=3309)

African-Americans 

(n=170)
P-value

Caucasians 

(n=417)

African-Americans 

(n=139)
P-value

Atheroma volume (mm3)† 191.6 (±83.3) 189.0 (±82.2) 0.82 188.4 (±81.6) 189.5 (±84.3) 0.88

Percent atheroma volume (%)† 38.7 (±9.05) 37.9 (±9.47) 0.27 37.3 (±8.69) 37.7 (±9.17) 0.57

EEM volume (mm3)† 491.3 (±170.2) 492.0 (±159.8) 0.92 499.2 (±159.9) 491.9 (±156.4) 0.51

Lumen volume (mm3)† 299.7 (±110.2) 303.0 (±103.5) 0.56 310.8 (±102.4) 302.4 (±95.9) 0.34

†, Values are mean ± SD

Table 4 Serial Change in IVUS measures and calcium degree in overall patients and propensity-matched patients

Overall patients Propensity matched patients

Caucasians 

(n=3309)

African-Americans 

(n=170)
P-value

Caucasians 

(n=417)

African-Americans 

(n=139)
P-value

Atheroma volume (mm3)† –3.06 (±1.66) 0.51 (±2.14) 0.01 –3.71 (±1.69) 0.13 (±2.10) 0.02

Percent atheroma volume (%)† 0.3 (±0.22) 0.36 (±0.30) 0.91 0.35 (±0.20) 0.39 (±0.28) 0.86

EEM volume (mm3)† –13.64 (±2.58) –5.79 (±4.03) 0.01 –13.41 (±3.43) –7.59 (±4.61) 0.18

Lumen volume (mm3)† –10.14 (± 1.04) –6.46 (±2.63) 0.14 –9.62 (±1.87) –8.03 (±3.02) 0.63

Calcium degree

Baseline percentage of images 

containing calcium (%)† 

30.4 (±24.4) 20.7 (±21.3) <0.001 21.1 (±21.6) 20.9 (±21.3) 0.92

Change in percentage of imag-

es containing calcium (%)#

1.08 (±0.01) 0.58 (±0.06) <0.001 0.60 (±0.04) 0.25 (±0.07) <0.001

†, Values are least-square mean ± SE; #, Values are mean ± SD
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P=0.02). Caucasians demonstrated greater reduction in 
EEM volume (–13.64±2.58 vs. –5.79±4.03 mm3, P=0.01). 
However, this comparison was not statistically significant 
in the propensity matched patients (–13.41±3.43 vs. –7.59± 
4.61 mm3, P=0.18). There were no significant differences 
in change in percent atheroma volume and lumen volume 
between two groups. 

At baseline, despite a similar overall plaque burden, 
African-American patients demonstrated a lower percentage 
of images containing calcium (20.7% vs. 30.4%, P<0.001) 
(Table 4). In contrast to greater disease progression, a 
smaller increase in percentage of images containing calcium 
was observed in African-American patients (+0.58%±0.06% 
vs. +1.08%±0.01%, P<0.001), a finding that persisted upon 
propensity matching (+0.25%±0.07% vs. +0.60%±0.04%, 
P<0.001).

Discussion

In addition to the ability to evaluate the impact of medical 
therapies, serial imaging with IVUS permits the ability to 
characterize the natural history of disease progression in 
different groups of patients (12-20). In the current analysis, 
African-American patients with CAD demonstrated a 
greater prevalence and less optimal control of coronary 
risk factors. In parallel, greater progression of coronary 
atherosclerosis was observed in African-American patients, 
a finding that persisted after propensity matching for 
differences in risk factors. These findings suggest a more 
aggressive form of disease that requires intensification of 
secondary prevention strategies in African-Americans.

The current study illustrated suboptimal risk factor 
control in the African-American patients. This was found, 
despite a relatively high rate of use of established therapies. 
This contrasts with typical reports in clinical practice that 
African-Americans have reduced access to care and use of 
established therapies (6-8). Moreover, African-Americans 
are under-represented in randomized clinical trials, 
including the current analysis where they contributed only 
five percent of the entire cohort. The observed differences 
in the current pooled analysis, despite relatively small 
numbers of African-American patients, further emphasizes 
the differences in risk factor control and plaque progression 
demonstrated between the groups.

The finding that on-treatment blood pressure remained 
higher, even after propensity matching, highlights its 
importance in African-American patients. This is reflected 
by the high rate of hypertensive complications, including 

stroke, left ventricular hypertrophy, renal dysfunction 
and heart failure, in the African-American community 
(21-23). Previous interventional studies have reported 
the limited blood pressure reductions with angiotensin 
converting enzyme inhibitors and angiotensin receptor 
blockers in African-Americans (24-26). Considering that 
the presence of polymorphisms of the promoter regions of 
aldosterone synthase and angiotensin II type receptor genes 
may increase the concentration of angiotensin converting 
enzyme and stimulate aldosterone synthesis (27), these 
backgrounds may contribute to promoting elevations in 
blood pressure and hyporesponsiveness to antihypertensive 
therapy. Accordingly, given that blood pressure control is 
associated with progression of coronary atherosclerosis (28), 
a greater need to achieve adequate blood pressure control 
using optimal anti-hypertensive agents and doses are 
required.

Despite higher level of HDL-C in African-Americans, 
greater progression of atheroma burden was observed. This 
lipid profile is consistent with previous studies (29,30), 
suggesting that HDL-C might not work as atheroprotective 
in African-Americans. Population studies have consistently 
observed an inverse relationship between systemic levels 
of HDL-C and cardiovascular risks (31). However, high 
levels of HDL-C are not always protective in subjects. In 
addition, findings from recent studies support the potential 
importance of HDL functionality in atherosclerosis 
rather than quality of HDL (32,33). These observations 
may indicate dysfunctional property of HDL in African-
Americans, potentially contributing to progressive disease 
substrate. Further investigation will be required to elucidate 
quality of HDL in this minority.

Greater progression of coronary atherosclerosis 
persisted in African-American patients, after controlling 
for major risk factors. This suggests the presence of an 
aggressive form of disease, which may be promoted, to 
some degree, by events beyond established risk factors. 
However, there has been limited investigation into potential 
differences in atherogenic mechanisms between African-
American and Caucasian subjects. While observations of a 
greater prevalence of endothelial dysfunction in African-
American individuals are consistent with reports of reduced 
nitric oxide bioavailability (9-11), to what degree these 
abnormalities contribute to more aggressive forms of 
atherosclerosis is unknown. Findings that myeloperoxidase 
levels associate with atherosclerotic burden only in 
African-Americans may reflect a greater contribution of 
heightened inflammatory and oxidative pathways in disease 
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progression (34). Further mechanistic investigation would 
be required to elucidate atherogenic pathway implicated 
in natural history of coronary atherosclerosis in African-
American patients.

Recently, genome wide association studies have identified 
a region near the PFTK1 gene associated with incident 
cardiovascular events and subclinical atherosclerosis in 
African-Americans (35). This gene encodes a serine/
threonine-protein kinase which regulates cell cycle 
progression and proliferation, suggesting potential 
alternative mechanisms contributing to greater progression 
of coronary atherosclerosis in African-Americans.

While atheroma volume significantly regressed in 
Caucasians, there were no significant differences in 
change in percent atheroma volume between two groups. 
As Caucasians tended to exhibit the vessel shrinkage 
reflected by more reduction in EEM volume, this vascular 
dimentional change would contribute to the same degree of 
change in PAV between two groups.

We also observed less plaque calcification, both at 
baseline and progression on serial evaluation, supporting 
reports from pathology studies (36,37). While racial 
differences in bone metabolism such as serum level of 
1α,25(OH)2D3 have been reported (38,39), it remains to 
be fully elucidated whether this contributes to differences 
in plaque calcification. Atheroma burden with less 
plaque calcification may reflect a more vulnerable form 
of atherosclerosis, which potentially leads to the greater 
prevalence of future cardiovascular events in African-
American patients with CAD.

A number of caveats should be noted with regard to 
these observations. The analysis pooled data from 7 clinical 
trials (14-20), which investigated the potential efficacy of 
anti-atherosclerotic agents, none of which randomized 
patients on the basis of race or ethnicity. While there may 
be heterogeneity of clinical characteristics between trials, 
adjustment for these differences revealed persistent greater 
disease progression in African-American patients. However, 
the possibility of residual confounding cannot be excluded. 
All patients underwent a clinically indicated coronary 
angiogram. As a result, it is unknown if the current findings 
can be extrapolated to asymptomatic individuals and the 
setting of primary prevention. It is not known whether 
progression rates are greater in patients, in which access 
to medical therapies and subsequent ability to control 
risk factors, is limited. Conventional ultrasonographic 
imaging provides a suboptimal characterization of plaque 
composition, precluding assessment of differences in these 

parameters between the groups. While previous studies 
have reported an association between disease progression 
and clinical outcome (40), the ultimate translation of these 
findings to differences in cardiovascular events remains to 
be determined.

African-American patients demonstrated less optimal 
control of risk factors and greater progression of coronary 
atherosclerosis, which persists after controlling for 
differences in clinical characteristics. These findings 
highlight an aggressive form of atherosclerosis and the need 
for more intensive efforts to target major cardiovascular risk 
factors in African-Americans.
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