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Abstract

PURPOSE—We assessed whether longitudinal changes in body mass index (BMI) is positively
associated with changes in 10-year AHA/ACC atherosclerotic cardiovascular disease (ASCVD)
risk scores in middle-aged blacks compared to whites.

METHODS—Data were from 1,691 participants enrolled in CARDIA aged =40 years in 2000-
2001, who had follow-up exams 5 and 10 years later.

RESULTS—The prevalence of obesity increased from 32.3% in 2000-2001(mean age: 42.8
years) to 41.7% in 2010-2011, higher in blacks than whites. The corresponding change in 10-year
ASCVD risk was significantly higher for blacks (men: 4.5 to 9.6%, women: 1.7 to 5.0%) than
whites (men: 2.4 to 5.2%, women: 0.7 to 1.6%). In 2010-2011, 57.5% of black men had ASCVD
risk scores = 7.5% compared to white men (14.7%), black women (17.4 %) and white women
(1.6%). Although BMI trends were positively associated with 10-year change in ASCVD risk
scores (0.07% per 1 kg/m? increase), it explained very little variance in risk score trends in all
race-sex groups.
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CONCLUSIONS—In middle-aged adults, longitudinal changes in BMI had little independent
influence on changes in 10-year ASCVD risk scores as its effect may be largely mediated through
ASCVD risk factors already accounted for in the risk score.
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) remains the leading cause of death in the
United States, accounting for 31.3% of all deaths (1). Since 1950, a significant decline in
age-adjusted mortality from ASCVD has been observed with the rate of decline greater in
whites than blacks (2, 3). This decline has been attributed, in part, to positive changes in the
prevalence of risk factors such as smoking (4, 5). However, in the same time frame, the
prevalence of some ASCVD risk factors, i.e., hypertension (6), diabetes (7) and obesity (8)
have increased with the latter reaching epidemic levels. The prevalence of obesity has
stabilized in recent years, however more than 1 in 3 adults are considered to be obese with
the estimate higher among blacks (47.8%) compared to whites (33.4%) (9).

Obesity is positively associated with many ASCVD risk factors including hypertension and
diabetes as well as clinical CVD events and raises the risk of future ASCVD in young and
middle-aged adults (10). However, results from studies incorporating BMI in ASCVD risk
prediction models are equivocal (11-14). The Framingham Heart Study, a study made up
entirely white participants, observed a weak independent association between BMI and CVD
events which was lost when other CVD risk factors were updated every 4 years (14).
ASCVD and obesity are disproportionately high among middle-aged blacks than whites (15)
with the adverse health effects of obesity especially elevated for black women (16).
Therefore, accurately estimating ASCVD risk in this racial group in the face of the current
obesity epidemic is of great importance especially among middle-aged adults 40-59 years
who bear the greatest burden of obesity.

Recent clinical practice guidelines from the American College of Cardiology/American
Heart Association (ACC/AHA) recommend the use of the newly derived Pooled Cohort risk
equation, which have the ability to estimate 10-year risk for broader-based ASCVD
outcomes more relevant to women and blacks (11). Additionally, it has the unique advantage
of providing risk estimates specific to blacks. Given the current obesity epidemic which is
high among blacks and the known negative effect of obesity on ASCVD risk, we aimed to
assess whether longitudinal changes in BMI levels over a 10 year period was associated
positively with longitudinal changes in AHA/ACC ASCVD risk scores in middle-aged black
adults compared to whites.
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MATERIAL AND METHODS

Study population

The Coronary Artery Risk Development in Young Adults (CARDIA) study is a community-
based longitudinal study designed to examine cardiovascular risk trends in young black and
white men and women from four US communities (Birmingham, Alabama; Chicago,
Illinois; Minneapolis, Minnesota; and Oakland, California). Details of the study design and
methods are described elsewhere (17). Briefly, in 1985-1986, 5,115 healthy adults were
recruited from the general population to be balanced on sex, race (white or black), age (18—
24 or 25-30 years) and education (<12, >12 years). To date, seven follow-up examinations
have occurred after baseline with 72% of the surviving cohort attending the 2010-2011
exams. Data collection and follow-up protocols were approved by the Institutional Review
Boards of each field center and the Coordinating Center.

Of the 3672 participants attending the 2000-2001 exams, we excluded participants who
were < 40 years of age (lower limit for age based on the Pooled Risk equations cut-off)
(n=1508), had prevalent CHD (n=18), did not attend the 2005-2006 or 2010-2011 exams
(n=413) or had missing values for BMI or components of the Pooled Cohort risk equation
(n=42), resulting in an analytic sample of 1,691 men and women. Participants excluded from
the analytic sample were more likely to be blacks, younger (by design), current smokers and
have fewer years of education at 2000-2001.

Pooled Cohort risk equations

Measures

The ACC/AHA Pooled Cohort equation is a sex- and race-specific risk prediction model
calculated using data from several cohort studies funded by the National Heart, Lung, and
Blood Institute namely CARDIA, the Atherosclerosis Risk in Communities (ARIC) study,
the Cardiovascular Health Study (CHS) and the Framingham Original and Offspring Study
(12). This model, derived on individuals at least 40 years old using state-of-the-art statistical
methods, incorporates age, sex, race, total cholesterol, HDL-cholesterol, blood pressure,
antihypertensive medication, diabetes and smoking status to estimate absolute 10-year risk
(expressed as a percentage) for ASCVD defined as nonfatal myocardial infarction or CHD
death, nonfatal or fatal stroke. Unlike most conventional cardiovascular disease (CVD) risk
equations, the Pooled Cohort risk equation was validated among black men and women,
enhancing its ability to predict ASCVD in this racial group.

Sociodemographic factors (age, sex and race) and medication were all self-reported at each
clinic visit. Cigarette smoking was assessed by means of an interviewer-administered
tobacco questionnaire (18). Blood pressure was measured using a random-zero
sphygmomanometer at 2000-2001 and an Omron aneroid device at years 2005-2006 and
2010-2011 with participants seated and after five minutes of rest. The average of the second
and third consecutive measurements was used for analysis. Fasting plasma total cholesterol
and high-density lipoprotein (HDL) cholesterol were measured enzymatically by Northwest
Lipid Research Clinic Laboratory (19). Diabetes was defined by one or more of the
following: elevated fasting plasma glucose levels = 126 mg/dL, 2-hour oral glucose
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tolerance test = 200 mg/dL, hemoglobin A1C = 6.5%; or reported use of diabetes
medications (insulin or oral hypoglycemics). Body weight was measured by trained and
certified technicians to the nearest 0.2 kg using a calibrated scale with participants wearing
light clothing. Height (without shoes) was measured to the nearest 0.5 cm using a vertical
ruler. BMI was calculated by dividing weight in kilograms by height in meters squared with
obesity defined as BMI = 30 kg/m?).

Statistical Analysis

RESULTS

Race- and sex-specific descriptive statistics were calculated at 2000-2001 and 2010-2011
with comparisons undertaken using t-test and analysis of variance (ANOVA) for continuous
variables and Chi-square test for categorical variables. Participants were also categorized
according to 10-year ASCVD risk scores = 7.5% as this threshold is recommended by the
cholesterol guidelines (20) for consideration of statins treatment. Bivariate general linear
regression models were used to assess the cross sectional association of ASCVD risk factors
at 2000-2001 and 2010-2011 with BMI. Repeated-measures regression, which accounts for
lack of independence between repeated observations on an individual, was used to model the
association between ASCVD risk scores trends and longitudinal measures of BMI which
were both assessed at years 2000-2001. 2005-2006 and 2010-2011. Trends in ASCVD risk
scores were modeled first as a function of time and then with BMI added. Due to differences
in the ASCVD risk by race and sex, all analyses were stratified to obtain sex- and race-
specific estimates. Unstructured covariance was found to best specify the structure of the
within-person error covariance based on the finite-population corrected Akaike Information
Criteria (AICC) and the Schwarz’s Bayesian Information Criterion (BIC) (21). We
compared all race- and sex-specific predicted means estimates obtained from models with
and without BMI adjustment using the paired t-test and Wilcoxon signed-rank test to inform
whether unadjusted ASCVD risk trends were significantly different from BMI-adjusted
ASCVD trends. Finally, values of participants who developed CVD during follow-up (n=44)
were set to missing at the time of event and after since ASCVD risk for such participants is
100% and the risk equations do not apply to them anymore. All statistical tests were two-
sided and performed at the 0.05 level of significance using SAS9.3 (SAS Institute, Inc.,
Cary, NC).

In 2000-2001, the mean age of the 1,691 participants was 42.8 + 1.8 years (range: 40-46)
with 55.9% and 37.5% being females and blacks, respectively. Additionally, a greater
percentage of women reported black race compared to men (41.2 vs. 32.8%). While men
had higher systolic blood pressure (115.3 vs. 111.8 mmHg) and total cholesterol (189.7 vs.
183.7 mg/dL), women had higher HDL-cholesterol levels (55.7 vs. 44.9 mg/dL). There were
significant differences in the distributions of ASCVD risk factors by race and sex (Table 1).
Black men had higher systolic blood pressure and HDL cholesterol, with a greater
proportion of them being current smokers and on antihypertensive medication compared to
white men. Similarly, black women also had higher systolic blood pressure and lower HDL
cholesterol with a greater proportion being current smokers, on antihypertensive medication
and having a history of diabetes.
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In 2010-2011, the average age of participants was 52.7+1.8 years. Similar to 2000-2001,
several race-sex disparities in ASCVD risk factors were observed with black men and
women having more adverse ASCVD risk factor profiles than whites. Systolic blood
pressure levels as well as the prevalence of diabetes, current smoking and use of blood
pressure medications were found to be significantly higher among black men and women.
Of note, levels of HDL cholesterol and total cholesterol were significantly lower in black
men than white men while a greater percentage of black women reported use of lipid-
lowering medications compared to white women (22.1 vs. 12.2%).

The mean BMI of participants increased from 28.6 kg/m? (blacks: 30.9; whites: 27.2) at
2000-2001 to 29.8 kg/m2 (blacks: 32.4, whites: 28.3) at 2010-2011 with black women
having the highest values at both time points (Table 1). BMI was associated with adverse
levels of all ASCVD risk factors at 2000-2001 and 2010-2011 with the exception of
smoking (Table 2). The overall prevalence of obesity among the analytic cohort at year
2000-2001 was 32.3 % (27.8 % for men and 35.9 % for women) which increased to 41.7%
by 2010-2011 (37.2 % for men and 45.3% for women). The prevalence of obesity was
significantly higher among blacks regardless of sex at both 2000-2001 and 2010-2011
(Table 1). In 2010-2011, the prevalence of obesity among black men and women was 46.5%
and 64.2% respectively, compared to 32.6% and 32.2% among white men and women.

The average 10-year ASCVD risk increased from 2.0% at 2000-2001 to 4.6% at 2010-2011,
as the average ages increased from 42.8 to 52.7 years. This 10-year change in ASCVD risk
scores was significantly higher for men (3.1 to 6.8%) than women (1.1 to 3.1 %), p<0.001.
Among men, blacks had a greater 10-year increase in ASCVD risk than whites (4.5 to 9.6%
vs. 2.4 t0 5.2%, p <0.001) with black women also having a higher 10-year change than white
women (1.7 to 5.0% vs. 0.7 to 1.6%, p =0.005). By 2010-2011, 57.5% of black men were
found to have 10-year ASCVD risk score = 7.5% that was nearly fourfold higher than the
equivalent percentage for white men (Figure 1). The proportion of middle-aged black
women (17.4 %) with 10-year ASCVD risk score = 7.5% was higher than those for white
men (14.7%) and women (1.6%).

In repeated measures regression analysis, BMI (modeled as a time-varying covariate with
measurements undertaken at 2000-2001, 2005-2006 and 2010-2011) was associated with
minimal increase in ASCVD risk scores (0.07% per 1 kg/m? increase, 95%Cl: 0.06 — 0.09).
However, comparison of unadjusted and BMI-adjusted ASCVD risk score trends for men
(blacks, p = 0.699; whites, p = 0.829) or women (blacks, p = 0.828; whites. p = 0.830) did
not approach statistical significance (Figure 2). Additionally, longitudinal trends of BMI did
not explain the race-related differences in 10-year estimated ASCVD risk scores among men
or women.

DISCUSSION

In this community-based sample of middle-aged US adults observed from 2000-2001 to
2010-2011, a significantly greater proportion of blacks were observed to have higher obesity
prevalence and 10-year ASCVD risk than whites. Black women had the highest prevalence
of obesity with a greater proportion of them having 10-year risk ASCVD risk = 7.5%
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compared to white men and women. Although BMI trends were positively associated with
10-year change in ASCVD risk scores, it explained very little variance in risk score trends in
all race-sex groups, possibly due to its influence being largely mediated through risk factors
already included in the risk score equation. The findings of this study do not in any way
downplay the importance of obesity as a modifiable risk factor for atherosclerotic
cardiovascular disease as obesity predicts diabetes, hypertension, and dyslipidemia (22-24).

The incorporation of BMI or obesity in CVD risk prediction models has received much
attention due to the rising prevalence of obesity and CVD events worldwide. However,
results from studies incorporating baseline BMI in ASCVD risk prediction models are
equivocal (11-13). Although the present study estimated risk scores trends and not incident
events, longitudinally assessed BMI was not significantly associated with changes in 10-year
ASCVD estimated risk trends. Some possible explanations for the discrepancies in results
include differences in risk prediction models used to estimate 10-year cardiovascular disease
risk which have differing covariates, the functional form for modeling obesity, and variations
in the population sampled and as well as CVD events of interest. We speculate that the
omission of diabetes from some risk prediction models (11) may have resulted in obesity
contributing to CVD risk prediction since obesity is a strong predictor of diabetes (10). As
seen in this present study and the collaborative analysis of 58 prospective studies (13), when
the relation of diabetes and other ASCVD risk factors associated with obesity are adequately
accounted for, the independent predictive ability of obesity on ASCVD is attenuated. This
idea is supported by results from the ARIC study (12) in which the addition of BMI alone to
the base prediction model minimally improved CHD risk prediction.

ASCVD and obesity are disproportionately high among middle-aged black men and women,
which may in part explain the greater morbidity and mortality from diseases associated with
obesity among blacks than whites (15). However, we observed that, BMI did not explain the
differences in 10-year ASCVD risk between whites and blacks. In the present study the
prevalence of obesity among white men and women in 2010-2011 was 21% and 11% lower
than the 2011-2012 national averages from the National Health and Nutrition Examination
Survey among white men and women aged 40-59 years, respectively (9). On the other hand,
the prevalence of obesity in black men and women was 22% and 10% higher than national
averages for middle-aged black men and women, respectively. Reasons for the underlying
causes for the racial differences in obesity and cardiovascular health are not well understood.
A recent review of genome-wide association studies concluded that genetic factors do not
provide explanations for the disparity in ASCVD incidence among blacks and whites (25),
suggesting that differences in exposure to environmental and behavioral factors as well as
differences in diagnosis, management and outcomes of many ASCVD risk factors by race
may play important roles in explaining the black-white disparity (26). ASCVD risk factors
tend to cluster more in blacks than whites, which puts them at an increased risk for ASCVD
events (27, 28). Multiple trials have shown safety and efficacy of statins and
antihypertensive medications in reducing LDL cholesterol and blood pressure in blacks and
whites, although blacks were less likely to achieve the recommended treatment targets (29—
31). This has been attributed to poor adherence to antihypertensive and lipid-lowering
therapies among blacks (31). Increasing racial differences in ASCVD risk trends attributable
to established risk factors namely hypertension and diabetes have been reported in the ARIC
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study (32), which suggests that population-wide interventions to improve ASCVD risk
factor modification may not be benefiting blacks as much as whites (32).

The adverse health effects of obesity are especially elevated for black women (16). In the
present study, almost 2 in 3 middle-aged black women (64%) were observed to be obese
compared to 1 in 3 for white women, which confirms earlier CARDIA reports (28). This
obesity gap between black and white women has been suggested to be one of the significant
contributors to the racial disparity in health among women (16). In the present study, the
proportion of black women with 10-year risk for ASCVD risk = 7.5% was 10 fold higher
than that for white women. Factors that have been suggested to contribute to the high obesity
rate in black women include differences in diet (e.g. energy intake) and exercise (e.g. energy
expenditure) (33). Despite similar adherence to diet intake and exercise among black and
white women enrolled in intervention trials, less weight loss has been reported among blacks
(34, 35). Therefore, reducing obesity prevalence to enhance cardiovascular health among
blacks especially women, will require substantial public health efforts. These may include
adapting culturally-tailored intensive lifestyle interventions (15, 33), implementing programs
that improve ASCVD risk education, ensuring access to healthy foods and enhancing the
built environment to promote physical activity.

The strengths of this study are its population-based design and the use of standardized
ASCVD risk factors with high degree of quality control across all exam years that allow
more accurate assessment of longitudinal trends in ASCVD risk factors. The use of the race-
specific pooled cohort equation also enhanced the recognition and quantification of ASCVD
risk among black men and women. Limitations for the study are as follows. First, some
components of the ASCVD risk equation were self-reported. Second, the guideline writing
committee and other studies have reported overestimation of ASCVD risk using the pooled
cohort equations in other cohorts (36—-40). However, recent results from the Multi-Ethnic
Study of Atherosclerosis reports overestimation of risk among previously derived risk
equations as well (37). This overestimation of risk by prediction models may be due to
changing secular trends in unmeasured risk factors such as salt and trans fat intake, statins
use and environmental pollution that are not accounted for in risk prediction models (37).
Third, the presence of confounding by inflammation cannot be ruled out. Fourth, due to the
eligibility criteria implemented in this study, only a subsample of the CARDIA cohort was
included which may lead to potential selection bias. However, the prevalence of obesity
among this subsample and the whole cohort was similar. Finally, results of this study may
not be generalizable to other races beyond blacks and whites.

CONCLUSION

In this cohort of black and white middle-aged adults, the prevalence of obesity and 10-year
risk of ASCVD was higher among blacks than whites regardless of sex. Adjusting for
longitudinal trends of BMI did not significantly alter ASCVD risk prediction. This study
provides valuable information as data on ASCVD risk among young adults transitioning to
middle-age are sparse.
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Proportion of participants with ASCVD risk scores = 7.5% by race, the CARDIA study.
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Estimated 10-year ASCVD risk scores among men and women by race, the CARDIA study.
Comparison of unadjusted and adjusted risk trends: black men: p = 0.669; white men: p =
0.829; black women p = 0.82; white women: p = 0.830.
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Bivariate associations between components of the ASCVD risk score equation and BMI at Year 15 and 25:

The CARDIA study

Year 15 Year 25
ASCVD risk score components B (95% CI) P value B (95% ClI) P value
Age (years) 0.24 (0.06, 0.42) 0.010 0.13 (-0.05, 0.32) 0.161
Systolic blood pressure (mmHg) 0.15(0.13,0.17) 0.001 0.10 (0.08, 0.12) 0.001
Total cholesterol (mg/dl) 0.02 (0.01, 0.03) 0.001  -0.012(-0.022,-0.003)  0.009
High density lipoprotein cholesterol (mg/dl) —0.13 (-0.15,-0.11) ~ 0.001 -0.11 (-0.13, -0.10) 0.001
Race (black) 3.78 (3.16, 4.41) 0.001 4.07 (3.40, 4.74) 0.001
Current smoking status -0.39 (-1.20, 0.42) 0.343 -0.92 (-1.88, 0.04) 0.060
Lipid-lowering medication use 1.31 (-0.67, 3.29) 0.194 3.43 (2.59, 4.27) 0.001
Antihypertensive medication use 6.40 (5.29, 7.52) 0.001 5.22 (4.52, 5.93) 0.001
Diabetes 6.16 (4.36, 7.96) 0.001 6.00 (5.03, 6.96) 0.001
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