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Abstract
Studies demonstrate that the apolipoprotein B/apolipoprotein A-I (ApoB/apoA-I) ratio predicts
cardiovascular risk better than any of the cholesterol indexes. A number of factors that define the
metabolic syndrome (MS) differ across African-American and European-American ethnicities. We
assessed relationship of the apoB/apoA-I ratio to MS and coronary artery disease (CAD) in 224
African-Americans and 304 European-Americans. The MS was defined by the revised NCEP-ATP
III criteria and CAD was assessed as ≥50% stenosis or a continuous cardiovascular score (0–75).
European-Americans had higher apoB/apoA-I ratio compared with African-Americans (1.15 vs.
1.07, P=0.008). The apoB/apoA-I ratio was associated with presence of the MS in both European-
Americans (OR=5.9; 95% confidence interval (CI), 2.53–13.57; P<0.001) and African-Americans
(OR=8.3; 95% CI, 3.52–19.25; P<0.001), and was higher in subjects with MS compared to those
without MS (1.21 vs. 1.04, P<0.001 for European-Americans and 1.20 vs. 0.94, P<0.001 for African-
Americans). There was a stepwise increase in the prevalence of MS across apoB/apoA-I ratio tertiles
in both ethnic groups (χ2=13.1, P<0.001 for European-Americans and χ2=19.6, P<0.001 for African-
Americans). In multiple regression analyses, the apoB/apoA-I ratio independently predicted CAD
in African-Americans (β=0.242, P=0.011). The cardiovascular score was significantly increased
across apoB/apoA-I ratio tertiles in European-American subjects with MS (P=0.001), whereas this
association was seen in African-American subjects without MS (P=0.023). In conclusion, the apoB/
apoA-I ratio differed across ethnicities and was associated with presence of the MS in both groups.
Among African-Americans, elevated apoB/apoA-I ratio independently predicted higher risk for
CAD.
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A number of population based studies have suggested that the apolipoprotein B (apoB)/
apolipoprotein A-I (apoA-I) ratio, an indicator of the balance between atherogenic and
atheroprotective cholesterol transport, predicts cardiovascular risk more accurately and
stronger than the use of either apoB or apoA-I alone, or any of the other cholesterol indexes.
1–4 On the other hand, a cluster of metabolic abnormalities defined as metabolic syndrome
(MS) has been associated with increased cardiovascular risk5–7, and we have previously
reported on the differential distribution of MS components across African-American and
European-American ethnicities with less frequent lipid abnormalities (hypertriglyceridemia
and low high-density lipoprotein (HDL) cholesterol) among African-Americans.8
Furthermore, patients with atherogenic dyslipidemia such as MS most likely have an increased
number of small, dense low-density lipoprotein (LDL) particles (which corresponds to higher
apoB levels) at relatively modest LDL cholesterol levels.9 Thus, in the present study, we
investigated whether the apoB/apoA-I ratio is related to the MS and its components and
coronary artery disease (CAD) in the 2 ethnic groups with varying frequencies of MS
components.

METHODS
Subjects were recruited from a patient population scheduled for diagnostic coronary
angiography either at Harlem Hospital Center in New York City or at the Mary Imogene Bassett
Hospital in Cooperstown, New York. The study design and inclusion and exclusion criteria
have been described previously.8,10,11 Briefly, a total of 648 patients, self identified as
European-American (n=344), African-American (n=232), or of other ethnicities (n=72), were
enrolled. Of the 576 European-American and African-American subjects, 48 subjects were
excluded as a result of incomplete data (16 subjects had missing coronary angiographic data,
17 subjects lacked information on waist circumference, HDL cholesterol levels were missing
in 8 subjects, and information on hypertension was not available for 7 subjects). Exclusion
criteria for this study included use of lipid-lowering drugs. The present report is therefore based
on the findings in 528 subjects (304 European-Americans and 224 African-Americans). The
study was approved by the institutional review boards at Harlem Hospital Center, Mary
Imogene Bassett Hospital, Columbia University College of Physicians and Surgeons, and
University of California Davis, and informed consent was obtained from all subjects.

Blood pressure was measured using a random-zero mercury sphygmomanometer. The mean
of 3 measurements of systolic and diastolic blood pressure was used. Waist circumference was
calculated as the average of 2 measurements taken after inspiration and expiration at the
midpoint between the lowest rib and iliac crest. Participants were asked to fast for 12 hours,
and blood samples were drawn approximately 2 to 4 hours before the catheterization procedure.
Serum and plasma samples were separated and stored at −80°C before analysis. Concentrations
of triglycerides (Sigma Diagnostics, St. Louis, Missouri), total cholesterol and glucose (Roche,
Somerville, New Jersey) were determined with standard enzymatic procedures.12,13 HDL
cholesterol levels were measured after precipitation of apolipoprotein B–containing
lipoproteins with dextran sulfate.14 Apolipoproteins B and A-I were measured by rate
immunonephelometry (Array, Beckman, Brea, CA).15

We defined MS according to revised NCEP-ATP III criteria16 by the presence of ≥3 of the
following: fasting plasma glucose level ≥100 mg/dl, serum triglyceride level ≥150 mg/dl,
serum HDL cholesterol level <40 mg/dl for men and <50 mg/dl for women, blood pressure
≥130/85 mm Hg, hypertension treatment, and waist circumference >102 cm for men and >88
cm for women.

The coronary angiograms were read by 2 experienced readers blinded to patient identity,
clinical diagnosis, and laboratory results. The readers recorded the location and extent of
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luminal narrowing for 15 segments of the major coronary arteries.17 A composite
cardiovascular score (0 to 75) was calculated based on determination of presence of stenosis
on a scale of 0 to 5 of the 15 predetermined coronary artery segments. Presence of CAD was
defined as the presence of ≥50% stenosis in any 1 of 15 coronary artery segments.

Analyses of data were done with SPSS statistical analysis software (SPSS, Chicago, Illinois).
Results were expressed as means ± SE and median with interquartile ranges for non-normally
distributed values. Triglyceride, insulin levels and cardiovascular scores were logarithmically
transformed to achieve normal distributions. Group means were compared using the Student
t-test. Age and gender adjusted Pearson’s partial correlation coefficients were calculated for
apoB/apoA-I ratio and MS components across ethnicity. Proportions were compared between
groups using χ2 analysis and the Fisher exact test where appropriate. A logistic regression
analysis was applied to assess the association between apoB/apoA-I ratio and the presence of
MS. Multiple linear regression analyses were used to explore the independent association of
the variables with the cardiovascular score. One-way ANOVA was used to compare mean
levels of independent variables across apoB/apoA-I ratio tertiles, and post hoc analyses were
performed by Tukey’ honestly significant difference test. Unless otherwise noted, a nominal
2-sided p value <0.05 was used to assess significance.

RESULTS
As expected, African-Americans had higher levels of HDL cholesterol (P<0.001) and
apolipoprotein A-I (P<0.001), and lower levels of triglyceride (P<0.001) compared with
European-Americans (Table 1). The levels of total cholesterol, LDL cholesterol, and
apolipoprotein B were similar in the 2 ethnic groups. Notably, the apoB/apoA-I ratio was
significantly higher in European-Americans compared with African-Americans (1.15 vs. 1.07,
P=0.008) (Table 1).

The apoB/apoA-I ratio was significantly associated with presence of the MS in both European-
Americans (OR=5.9; 95% confidence interval (CI), 2.53–13.57; P<0.001) and African-
Americans (OR=8.3; 95% CI, 3.52–19.25; P<0.001), As seen in Figure 1, the apoB/apoA-I
ratio was significantly higher in subjects with MS compared to those without MS in both ethnic
groups (1.21 vs. 1.04, P<0.001 for European-Americans and 1.20 vs. 0.94, P<0.001 for
African-Americans). To explore the association between apoB/apoA-I ratio and MS in more
detail, we dichotomized the study subjects into 3 groups according to their apoB/apoA-I levels.
There was a stepwise increase in the prevalence of MS across apoB/apoA-I ratio tertiles in
both ethnic groups (χ2=13.1, P<0.001 for European-Americans and χ2=19.6, P<0.001 for
African-Americans, Figure 2). Further, as seen in the figure, European-Americans had higher
prevalence of MS compared to African-Americans for all apoB/apoA-I ratio tertiles.
Irrespective of ethnicity, the apoB/apoA-I ratio was significantly and positively correlated with
systolic blood pressure and triglyceride levels, and negatively with HDL cholesterol levels
(Table 2). In addition, among European-Americans, the apoB/apoA-I ratio was significantly
correlated with waist circumference (P=0.008). The apoB/apoA-I ratio was significantly
increased with increasing number of MS components in both European-Americans (P<0.001)
and African-Americans (P<0.001) (Supplemental Figure 1).

Further analysis using multiple linear regression models was carried out to explore whether
the apoB/apoA-I ratio predicts CAD (as measured by the composite cardiovascular score) and
whether this association would be independent of other established CVD risk factors and/or
presence of MS (Table 3). When apoB/apoA-I ratio and other major CVD risk factors were
considered (i.e., model 1), age (β=0.375, P<0.001), gender (β=−0.237, P<0.001), hypertension
(β=0.168, P=0.002) and smoking (β=0.158, P=0.002) were key determinants explaining 30%
of the cardiovascular score in European-Americans. Notably, no significant association was
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found between the apoB/apoA-I ratio and CAD in this particular ethnic group. In contrast, for
African-Americans, the apoB/apoA-I ratio (β=0.335, P=0.014) and age (β=0.395, P<0.001)
were independently and strongly associated with the cardiovascular score. When MS was
included in the model (i.e., model 2), in European-Americans, the independent association of
age (β=0.395, P<0.001), gender (β=−0.249, P<0.001) and smoking (β=0.156, P=0.003) with
CAD remained all significant, with an addition of MS (β=0.114, P=0.037). For African-
Americans, the association of apoB/apoA-I ratio (β=0.242, P=0.011) and age (β=0.383,
P<0.001) with CAD both remained significant, but there was no association with the MS.

Finally, we investigated the combined effect of the apoB/apoA-I ratio and presence of the MS
on the magnitude of CAD in the 2 ethnic groups (Figure 3). Among European-Americans,
subjects with MS and a high apoB/apoA-I ratio had a significant increase of the composite
cardiovascular score compared to subjects with MS and a low ratio (P=0.001), whereas no
such difference was seen among subjects without MS (Figure 3A). A somewhat different
picture was seen among African-Americans, where a significant increase in the composite
cardiovascular score was seen among subjects without MS and with a high apoB/apoA-I ratio
compared with those without MS and a low ratio (P=0.023, Figure 3B). Notably, no such
difference was seen among African-American subjects with MS. Further, we observed a clear
difference in the composite cardiovascular score among subjects in the highest apoB/apoA-I
ratio tertile across ethnicity and MS status. For European-Americans in the highest apoB/apoA-
I ratio tertile, the composite cardiovascular score was significantly elevated in subjects with
MS compared to those without MS (24.6 vs. 14.3, P=0.001, Figure 3A). In contrast, for African-
Americans in the highest apoB/apoA-I ratio tertile, the composite cardiovascular score was
similar in subjects with and without MS (19.0 vs. 19.8, Figure 3B).

DISCUSSION
The main novel finding in our study was a differential role of the apoB/apoA-I ratio and MS
as CAD risk factors across African-American and European-American ethnicities. When the
apoB/apoA-I ratio and MS were considered along with other established CVD risk factors (age,
gender, LDL cholesterol and smoking), the apoB/apoA-I ratio was independently associated
with a higher degree of CAD in African-Americans, but not in European-Americans. On the
contrary, the MS was a major determinant of the cardiovascular score in European-Americans,
but not in African-Americans. Furthermore, European-Americans with MS in the highest apoB/
apoA-I ratio tertile had substantially higher cardiovascular score compared with those in
subjects without MS. Thus, in European-Americans, the apoB/apoA-I ratio may provide
additional prognostic information beyond MS with regard to CAD risk. These findings also
support prior data representing a synergistic effect of the MS and a high apoB/apoA-I ratio on
the magnitude of CAD.18,19

The apoB/apoA-I ratio was lower in African-Americans than in European-Americans. African-
American subjects had higher levels of HDL cholesterol and apoA-I at comparable levels of
total and LDL cholesterol and apoB compared with European-Americans. This differential
lipid and lipoprotein pattern correlates with the observed difference in the apoB/apoA-I ratio
between these 2 ethnic groups. In principle, subjects with a low apoB/apoA-I ratio have less
apoB and more apoA-I particles. Therefore, it is tempting to speculate that the high apoA-I
and the comparable apoB levels in African-Americans generated a lower apoB/apoA-I ratio in
this particular ethnic group. In a large case-control study4 conducted in 52 countries, the apoB/
apoA-I ratio was shown to be variable across ethnicities with high mean values in south Asians,
Arabs, Persians and Latin Americans and with low mean values in Chinese and African-
Americans. For European-Americans, the ratio was recorded between the 2 values. Thus, our
results, that show apoB/apoA-I ratio was lower in African-Americans than in European-
Americans, are consistent with the findings of the former study.4
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Previously, we reported that the prevalence of the MS, as assessed by the revised criteria
proposed by NCEP-ATP III16, was lower in African-Americans than in European-Americans
(49% vs. 65%), and the abnormal lipid components of the MS were less frequent among the
former ethnical group.8 On a population level, African-American subjects generally have lower
triglyceride and higher HDL cholesterol levels than European-American subjects20–22, which
may in turn explain some of the frequency difference in prevalence of the MS components
between these 2 groups. In European-Americans, the higher prevalence and more common
lipid abnormalities may have made the MS as a strong and independent predictor of CAD.
Conversely, in African-Americans, the lower prevalence and less common lipid abnormalities
have made it difficult to identify the independent role of the MS, suggesting that the apoB/
apoA-I ratio may be an important independent predictor of cardiovascular risk in this ethnic
group.

In agreement with previous studies18,19,23 the apoB/apoA-I ratio was associated with MS and
its major components such as systolic blood pressure, HDL cholesterol and triglyceride levels,
regardless of ethnicity. Moreover, subjects with increasing number of MS components had a
parallel increase in the apoB/apoA-I ratio in both ethnic groups. In line with others20,24 and
with our previous study8, prevalence of MS was higher among European-Americans compared
with African-Americans for all apoB/apoA-I ratio tertiles and was gradually increased with an
increasing ratio of apoB/apoA-I in the 2 ethnic groups.

Among European-Americans, our findings reinforce the concept that presence of MS combined
with a high apoB/apoA-I ratio synergistically increases the risk for CAD. However, among
African-Americans, a high apoB/apoA-I ratio independently and strongly predicted increased
risk for CAD regardless of the MS status. Taken together, our data has several clinically
important implications. First, the predictive value of the apoB/apoA-I ratio for CAD risk
differed across African-American and European-American subjects with and without MS.
Particularly, in European-Americans, the ratio may provide additional prognostic information
beyond MS. Second, a high apoB/apoA-I ratio predicted increased coronary risk in African-
American subjects even without MS. Therefore, in African-Americans, the apoB/apoA-I ratio
may have the potential to yield additional important information and be used as a CAD risk
assessment tool. Third, since the apoB/apoA-I ratio is a risk factor for CAD, therapeutic
targeting of a high apoB/apoA-I ratio (reducing the number of apoB-containing atherogenic
lipoprotein particles e.g. LDL cholesterol and raising the number of apoA-I containing anti-
atherogenic lipoprotein particles e.g. HDL cholesterol) might be important for CAD risk
reduction in both European-Americans and African-Americans regardless of their MS status.

We acknowledge some limitations of this study. The study design was cross-sectional in nature
and the sample size was relatively small. Subjects in our study were recruited from patients
scheduled for coronary angiography and were likely more typical of a high-risk patient group
than the healthy population at large. This may explain the relatively higher levels of apoB and
apoB/apoA-I ratios in our subjects. However, none of the patients had histories of acute
coronary symptoms or surgical intervention within 6 months, arguing against any secondary
increase in inflammatory parameters due to an acute CAD. Furthermore, clinical and laboratory
parameters were in agreement with differences generally observed between healthy African-
American and European-American populations in other studies. Although our findings need
to be confirmed in larger population-based studies, they suggest that targeted, individualized
prevention strategies might be of value in the treatment of heterogeneous patient populations.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
ApoB/apoA-I ratio in subjects with and without MS across ethnic groups. *: P<0.001
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Figure 2.
Prevalence of MS across apoB/apoA-I ratio tertiles among European-Americans and African-
Americans. The cut-off points for tertiles were ≤0.98, 0.98–1.26, ≥1.26 for European-
Americans and ≤0.88, 0.88–1.20, ≥1.20 for African-Americans, respectively. The results are
based on n=99 for 1st, n=103 for 2nd and n=100 for 3rd tertiles in European-Americans and
n=76 for 1st, n=74 for 2nd and n=74 for 3rd tertiles in African-Americans. Two European-
American subjects (1 with and 1 without MS) were excluded from the analyses due to missing
data.
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Figure 3.
Composite cardiovascular scores across apoB/apoA-I ratio tertiles among European-
Americans (A) and African-Americans (B) with and without MS. ApoB/apoA-I tertiles were
based on all subjects within each ethnic group and the numbers were (A) n=51 for 1st, n=73
for 2nd and n=74 for 3rd tertiles for subjects with MS and n=48 for 1st, n=30 for 2nd and n=26
for 3rd tertiles for subjects without MS among European-Americans; (B) n=23 for 1st, n=38
for 2nd and n=49 for 3rd tertiles for subjects with MS and n=53 for 1st, n=36 for 2nd and n=25
for 3rd tertiles for subjects without MS among African-Americans. Two European-American
subjects (1 with and 1 without MS) were excluded from the analyses due to missing data. *:
P=0.001.
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Table 1

Clinical characteristics of the study population

Characteristics European-Americans (n=304) African-Americans (n=224) P-value

Men/Women 195/109 126/98 NS

Metabolic syndrome (%) 199 (65%) 110 (49%) <0.001

Coronary artery disease (%) 173 (57%) 99 (44%) 0.003

Diabetes mellitus (%) 63 (21%) 66 (29%) 0.018

Age (years) 56.6 ± 0.6 54.8 ± 0.6 0.023

Systolic blood pressure (mm Hg) 125 ± 1.0 129 ± 2.0 NS

Diastolic blood pressure (mm Hg) 75 ± 0.6 79 ± 1.4 0.005

Waist circumference (cm) 105 ± 1.0 96 ± 1.1 <0.001

Total cholesterol (mg/dl) 197 ± 2.3 198 ± 3.0 NS

LDL cholesterol (mg/dl) 123 ± 2.0 126 ± 2.8 NS

HDL cholesterol (mg/dl) 41 ± 0.7 49 ± 1.1 <0.001

Triglyceride (mg/dl) 151 (110–216) 106 (80–144) <0.001

Glucose (mg/dl) 132 ± 3.8 119 ± 3.3 0.013

Insulin (μU/ml) 15.1 (9.2–25.2) 14.1 (8.7–21.7) NS

Apolipoprotein B (mg/dl) 136 ± 2.0 134 ± 2.7 NS

Apolipoprotein A-I (mg/dl) 122 ± 1.3 130 ± 1.9 <0.001

ApoB/apoA-I 1.15 ± 0.33 1.07 ± 0.37 0.008

Composite cardiovascular score 12.9 (1.9–27.1) 8.3 (1.5–24.9) NS

Values are expressed as mean ± SE and median (interquartile range) for non-normally distributed values. Group means were compared using Student’s

t-tests and proportions were compared using χ2 analysis. Values for triglycerides and insulin were logarithmically transformed before analyses. Apo,
apolipoprotein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NS, non significant.
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Table 2

Pearson’s partial correlation coefficients between apolipoprotein B/apolipoprotein A-I ratio and metabolic
syndrome components across ethnicity (adjusted for age and gender)

Variable European-Americans P-value African-Americans P-value

Waist circumference (cm) 0.154 0.008 0.170 NS

Systolic blood pressure (mm Hg) 0.144 0.013 0.304 0.005

Diastolic blood pressure (mm Hg) 0.059 NS 0.156 NS

HDL cholesterol (mg/dl) − 0.454 <0.0001 − 0.579 <0.0001

Triglyceride (mg/dl) 0.415 <0.0001 0.406 <0.0001

Glucose (mg/dl) 0.080 NS 0.190 NS

Values for triglycerides were logarithmically transformed before analyses. HDL, high-density lipoprotein; NS, non significant.
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