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Abstract 30 

Black individuals have higher incident fatal coronary heart disease (CHD) than White 31 

counterparts. Racial differences in out-of-hospital fatal CHD could explain the excess risk in fatal 32 

CHD among Black persons. We examined racial disparities in in- and out-of-hospital fatal CHD 33 

among people with no previous history of CHD, and whether socioeconomic status might play a 34 

role in this association. We used data from the Atherosclerosis Risk in Communities study, 35 

including 4095 Black and 10884 White participants, followed between 1987-89 until 2017. Race 36 

was self-reported.  We examined racial differences in in- and out-of-hospital fatal CHD with 37 

hierarchical proportional hazard models. We then examined the role of income in these 38 

associations using Cox marginal structural models for a mediation analysis. The incidence of 39 

out-of-hospital and in-hospital fatal CHD was 1.3 and 2.2 in Black participants, and 1.0 and 1.1 40 

in White participants per 1,000 person-years, respectively. The sex- and age-adjusted hazard 41 

ratios comparing out-of-hospital and in-hospital incident fatal CHD in Black versus White 42 

participants were 1.65 (1.32-2.07) and 2.37 (1.96-2.86) respectively. The income-controlled 43 

direct effects of race in Black vs. White participants attenuated to 1.33 (1.01-1.74) for fatal out-44 

of-hospital and to 2.03 (1.61-2.55) for fatal in-hospital CHD in Cox marginal structural models.  45 

In conclusion, higher rates of fatal in-hospital CHD in Black participants vs. White counterparts 46 

likely drive the overall racial differences in fatal CHD. Income largely explained racial differences 47 

in both fatal out-of-hospital CHD and fatal in-hospital CHD. 48 

Key words: racial disparities, out-of-hospital deaths, coronary heart disease 49 
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Introduction 52 

While the incidence and mortality of coronary heart disease (CHD) have been declining over the 53 

past several decades in the United States1-3, Black individuals continue to have higher 54 

prevalence of CHD, and higher hospitalization rates and mortality from CHD than White 55 

individuals4-10.  However, these disparities do not seem to persist when considering non-fatal 56 

CHD events8,11.  Studies from large population studies have reported no difference in total CHD 57 

incidence among Blacks versus White individuals8,11. However, in the same populations, Black 58 

men showed a higher incidence of fatal CHD and case-fatality than White men8,11.   These 59 

findings could be driven by a higher rate of out-of-hospital CHD deaths in Black individuals, 60 

perhaps because of a lower access to healthcare, if a larger proportion of fatal CHD events 61 

occur before reaching the hospital in Black individuals compared with White counterparts. 62 

Existing studies of CHD mortality differences by race have rarely considered racial differences in 63 

fatal out-of-hospital CHD. Furthermore, most previous studies were conducted among 64 

Medicare beneficiaries ≥65 years of age, which could mask race-related disparities since Black 65 

individuals tend to develop CHD and die from it earlier in life than White individuals8,12-19.   Also, 66 

income was highly associated with sudden cardiac death in previous studies perhaps through its 67 

relationship with healthcare access, health education, and lifestyle behaviors 20,21.  In the 68 

Atherosclerosis Risk in Communities (ARIC) study, we examined racial differences in the rates of 69 

out-of-hospital and in-hospital (post-admission) incidence of fatal CHD among US adults free of 70 

CHD at baseline. We explored the role of income in these associations in our models while we 71 

adjusted for cardiovascular risk factors.  72 

 73 
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Methods 74 

The ARIC study is a prospective epidemiologic study conducted in 4 US communities 75 

(Washington County, MD; Forsyth County, NC; Jackson, MS; and selected Minneapolis suburbs, 76 

MN)22. Each ARIC field center randomly selected and recruited a cohort of approximately 4000 77 

individuals aged 45-64 years from a defined community. Since very few Non-White and Non-78 

Black participants participated in ARIC (n=48), we excluded them from the analysis. After 79 

excluding individuals who had prevalent CHD at baseline (n=766), our analysis included 14979 80 

ARIC participants. 81 

Participants received an extensive in-person evaluation, where sociodemographic and 82 

cardiovascular data were collected.  Participants were reexamined in person every 3 years for 83 

the first 9 years (1990-92, 1993-95, 1996-98), with additional exams in 2011-13, 2016-17, and 84 

2018-19. Also, participants were contacted by phone yearly (biannually since 2012) to update 85 

contact information and assess their health status. At visit 1 (baseline, 1987–1989), trained 86 

interviewers administered a questionnaire to collect data on demographic characteristics, 87 

medical history, and cardiovascular risk factors. Information on household income and years of 88 

education was also collected. Follow-up is ongoing in ARIC, however, in this analysis we ended 89 

the follow-up in 2017 since the adjudicated endpoint data for the Jackson site is currently 90 

available through 12/31/2017. Incident CHD events which occurred between the start of the 91 

data collection (1987-89) up to 12/31/2017 were included in the analysis. Procedures applied at 92 

all study centers were approved by each institutional review board, and informed consent was 93 

obtained from all participants.  94 
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Self-reported race at visit 1 was the exposure variable, which was classified as “Black 95 

participants” and “White participants”. 96 

In ARIC, CHD events were ascertained by surveying discharge lists from local hospitals 97 

and death certificates from state vital statistics and follow-up calls identifying hospitalizations 98 

and deaths during the previous year. We followed the standard definitions of events in ARIC to 99 

define a CHD event. A participant in the ARIC cohort was considered to have a CHD event if they 100 

had a definite or probable acute myocardial infarction (AMI) or a fatal CHD during the follow-101 

up. The definition of AMI required the presence of at least one of the following: 1) evolving 102 

diagnostic ECG pattern; (2) diagnostic ECG pattern and abnormal biomarkers; (3) cardiac pain 103 

and abnormal biomarkers; (4) cardiac pain and equivocal biomarkers with evolving ST-segment/ 104 

T-wave pattern or diagnostic ECG pattern; or (5) abnormal biomarkers with evolving ST-105 

segment/T-wave pattern. Fatal out-of-hospital CHD included deaths of participants who died at 106 

home or in other undefined places, or “deaths on arrival” to the hospital or deaths occurring in 107 

nursing homes.  Fatal in-hospital CHD included deaths that occurred in hospitals. In ARIC, fatal 108 

out-of-hospital CHD events were ascertained and adjudicated after a special investigation. 109 

Additional information was sought from the next of kin and other informants, certifying doctors 110 

and family physicians, and coroners or medical examiners for out-of-hospital deaths. The next 111 

of kin was contacted for an interview, and information was sought from physicians by sending 112 

the Physician Questionnaire. Information on all out-of-hospital deaths was reviewed by 2 113 

members of the expert committee of ARIC for event adjudication, in order to classify the event 114 

as “definite fatal CHD” using established criteria. These criteria remained the same during the 115 
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follow-up. More information on the event classification is given in the ARIC Study surveillance 116 

manual22. 117 

Income was included to our main models in 5 groups: < $16000, $16000 to $25000, 118 

$25000 to $35000, $35000 to $50000, ≥ $50000. Cardiovascular risk factors included body mass 119 

index (BMI), prevalent hypertension, prevalent diabetes, smoking status, and total cholesterol 120 

levels measured at visit 1.  BMI was calculated as weight (in kilograms) divided by the square of 121 

height (meters) and was classified as “< 30.0” and “≥ 30.0”.  Prevalent hypertension was 122 

defined as a systolic blood pressure of at least 140 mmHg or a diastolic blood pressure of at 123 

least 90 mmHg or use of hypertension medication. Blood pressure was measured by a certified 124 

technician using a random-zero sphygmomanometer after 5 minutes of rest and the average of 125 

the last 2 of the 3 seated measurements was used. Prevalent diabetes was defined as a fasting 126 

glucose level of at least 126 mg/dL, or a casual blood glucose level of at least ≥ 200 mg/dL, or a 127 

self-reported diagnosis of diabetes by a physician or use of antidiabetic medications. Fasting 128 

glucose levels were measured by the modified hexokinase/glucose-6 phosphate dehydrogenase 129 

method.  Fasting plasma total cholesterol concentration was assessed by enzymatic procedures 130 

and was classified as “< 200 mg/dl” or “≥ 200 mg/dl”. Smoking status was classified as 131 

“current”, “former” and “never” smoker.  132 

First, we tabulated the distributions of baseline sociodemographic factors and 133 

cardiovascular risk factors by race. Next, we computed incidence per 1000 person-years and 95 134 

% confidence intervals (CI) for fatal, non-fatal, and total CHD by race. For fatal CHD, we 135 

examined out-of-hospital and in-hospital CHD deaths separately.  136 
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We constructed age- and sex-adjusted Cox proportional hazard models (Model 1) to 137 

compare fatal out-of-hospital and fatal in-hospital CHD, non-fatal CHD, and total incident CHD 138 

between Black and White participants. While constructing Cox proportional hazard models for 139 

fatal CHDs, we used a time to event analysis approach. In this analysis for fatal CHD, individuals 140 

who had prior non-fatal CHD events during the entire follow-up were not censored but 141 

individuals who died of other non-CHD causes were censored. In parallel to our main 142 

hypothesis, that income, as a socioeconomic indicator, helps explain racial disparities in 143 

outcomes and because differences in income could drive differences in cardiovascular risk 144 

factors, income was considered a more proximal exposure than cardiovascular risk factors and 145 

was included first in the second model (Model 2). We then added cardiovascular risk factors in 146 

fully-adjusted Model 3 to examine the mitigation of the remaining excess risk in Black 147 

participants vs. White participants. As a secondary analysis, we created models where 148 

cardiovascular risk factors were included first in Model 2, without income, to compare the 149 

results with the initial modelling approach. 150 

We used logistic regression to examine racial differences in case-fatality among those 151 

hospitalized. We tested multiplicative race and sex interactions using Cox proportional hazard 152 

models adjusted for age. These models included in the interaction term ‘sex*race’ as well as 153 

variables age, sex and race. Then, considering the results of the interaction testing, we 154 

separately conducted a sex-stratified analysis. We also tested multiplicative race and income 155 

interactions using the same approach. As a secondary analysis, we examined race differences 156 

for the exact place of death (i.e., at home, or in undefined place) for out-of-hospital incident 157 

CHD. 158 
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We then constructed Cox marginal structural models to examine the mediating role of 159 

income using inverse probability weighting23,24 . In our mediation analysis, we hypothesized 160 

that income is a mediating factor on the pathway between race and the incident CHD 161 

outcomes. Inverse probability weighting allowed us to avoid violation of a major mediation 162 

analysis assumption,25 which requires careful adjustment of mediator-outcome confounders 163 

affected by (or associated with) the exposure25. As seen in the directed acyclic graph in Figure 164 

1, since race, as the exposure, is an upstream variable, there could be a path (path 1) from race 165 

to cardiovascular risk factors, which could also be confounders of the association between 166 

income and incident CHD (through paths 2 and 5). Therefore, simply adjusting for all covariates 167 

in the models could lead to biased results for mediation analysis. The use of methods such as 168 

inverse probability weighting, which allows separating the effect of income from the effect of 169 

other covariates, is recommended to get less biased estimates24,26. We estimated inverse 170 

probability weights using logistic models where income was the outcome. We added 171 

cardiovascular risk factors to these logistic models and derived stabilized inverse probability 172 

weights to be included in our Cox marginal structural models. In sensitivity analyses, we used 173 

different binary cut-points of income to examine whether our conclusions change or remain the 174 

same. Missing data were < 5 % for income and other covariates. Individuals with missing 175 

income or other covariates were excluded from the analysis. All analyses were conducted in 176 

SAS version 9.4.  177 

An institutional review board at each site approved the ARIC study, and study 178 

participants provided written informed consent at all study centers. We also obtained approval 179 

from the Emory University Institutional Review Board (IRB00111905). 180 
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Results 181 

The characteristics of the study population by race are described in Table 1. Among 182 

participants, 43 % were men, and 27 % were Black. Black participants were slightly younger; the 183 

mean (SD) age was 53.4 (5.8) for Black participants and 54.2(5.7) for White participants.  There 184 

were large differences in education and income by race. Among Black participants, 52.4 % had 185 

an annual income of < $16000; that figure was 12.2 % among the White participants. Smoking 186 

status and prevalence of hypercholesterolemia were similar by race, but Black individuals had a 187 

higher BMI and a higher prevalence of hypertension and diabetes.  188 

Table 2 shows the association of race with incident fatal, non-fatal, and total CHD 189 

events in the ARIC Cohort. The fatal CHD incidence was higher in Black participants (3.5 per 190 

1000 person years, (95 % CI, 3.1-3.9) than in White participants (2.1, 95 % CI, 1.9-2.2). 191 

Comparing Black to White participants, the hazard ratio of fatal incident CHD was 2.02 (1.75-192 

2.33) in age and sex-adjusted models and attenuated to 1.39 (1.17-1.64) after income was 193 

included in Model 2. Racial differences in fatal CHD disappeared in Model 3 (HR, 1.01, 95 % CI, 194 

0.84-1.21) after both income and cardiovascular risk factors were included. In contrast, the 195 

non-fatal CHD incidence per 1000 person-years was similar by race; the age and sex-adjusted 196 

hazard ratio comparing Black to White participants was 1.05 (0.93-1.18).  Overall, the total 197 

incident CHD rate was higher in Black versus White participants. In sex- and age- adjusted 198 

models, the hazard ratio was 1.36 (95 % CI, 1.24-1.49) comparing Black versus White 199 

participants. The hazard ratio attenuated to 1.06 (0.96-1.18) after income was included in the 200 

model and further attenuated to 0.88 (0.79-0.99) in fully-adjusted multivariable Model 3. 201 
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Both fatal out-of-hospital and fatal in-hospital CHD were higher in Black vs. White 202 

participants (Figure 2). The risk for fatal out-of-hospital CHD was higher in Black than White 203 

participants in sex and age- adjusted models (HR, 1.65, 95 % CI, 1.32-2.07) (Table 3). The 204 

magnitude of the race difference was higher for fatal in-hospital CHD than for fatal out-of-205 

hospital CHD (HR, 2.37, 95 % CI, 1.96-2.86). However, after income was included in the models, 206 

racial differences largely disappeared for fatal out-of-hospital CHD (HR:1.06, 95 % CI, 0.82-1.37), 207 

whereas differences persisted for fatal in-hospital CHD (HR: 1.73, 95 % CI, 1.39-2.16). In fully-208 

adjusted multivariable models, the HRs attenuated to 0.77 (0.58-1.02) for fatal out-of-hospital 209 

CHD and to 1.24 (0.98-1.58) for fatal in-hospital CHD (Table 3). Also, in fully adjusted models, 210 

compared to those with income ≥ 50000, the participants in lower income groups had higher 211 

risk for both fatal out-of-hospital and in-hospital CHD. The magnitude of hazard ratios was 212 

particularly elevated for those in the lowest income groups (< $16000) for both fatal out-of-213 

hospital CHD (HR, 2.76, 95 % CI, 1.92-3.95) and for fatal in-hospital CHD (HR, 1.95, 95 % CI, 1.42-214 

2.67). Income was a predictor of both outcomes (Supplementary Table 1). 215 

Among those hospitalized, the case-fatality for incident CHD was also elevated in Black 216 

patients compared with White patients (HR, 1.82, 95 % CI, 1.42-2.32) (Supplementary Table 2).  217 

There was a significant interaction between race and sex for non-fatal CHD (p: 0.003) and total 218 

CHD (p: 0.042) but not for fatal CHD. The findings from the models which we created to test 219 

interaction are presented in Supplementary Tables 3-5. The findings of the sex-stratified 220 

analysis are presented in Figure 3. In sex-stratified analysis, among both men and women, the 221 

racial difference in fatal out-of-hospital CHD was higher than the racial difference in fatal in-222 

hospital CHD (Figure 3). There were no significant interactions between race and income. 223 
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In secondary analysis, the attenuation in the hazard ratios after including cardiovascular 224 

factors (without income) to the models was similar to the attenuation in hazard ratios after 225 

including income (without cardiovascular risk factors). These results suggest that income and 226 

cardiovascular risk factors are interlinked and income is likely a proximal exposure leading to 227 

higher levels of cardiovascular risk factors (Supplementary Tables 6 and 7).  228 

In secondary analyses of out-of-hospital deaths, most Black and White participants died 229 

in their homes, but Black individuals were more likely to die than White individuals whether the 230 

death occurred at home (HR, 1.84, 95 % CI, 1.36-2.48) or in an undefined place (HR, 2.07, 95 % 231 

CI, 1.26-3.39) (Supplementary Table 8). 232 

In inverse probability weighted Cox marginal structural models, where income was 233 

included as a mediator, the income-controlled direct effects of race in Black vs. White 234 

participants was 0.96 (0.83-1.11) for incident non-fatal CHD and was 1.68 (1.41-2.00) for 235 

incident fatal CHD. The racial disparities also attenuated for both fatal out-of-hospital CHD (HR: 236 

1.33, 95 % CI, 1.01-1.74) and for fatal in-hospital CHD (HR: 2.03, 95 % CI, 1.61-2.55) (Table 4). 237 

Our conclusions remained similar when we regrouped income in the same models for a 238 

sensitivity analysis (Table 4). 239 

Discussion  240 

In this community-based cohort study, the incidence of both fatal out-of-hospital and 241 

fatal in-hospital CHD was higher in Black versus White individuals. The racial disparity was 242 

greatest for in-hospital fatal CHD and thus case-fatality of those hospitalized. The effect of 243 

income in explaining racial disparities was similar for fatal out-of-hospital CHD and fatal in-244 

hospital CHD. These findings have implications for prevention and policy regarding access to 245 
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care and appropriateness of clinical care and prevention strategies for potentially under-served 246 

groups such as the Black population. 247 

We show that the lower income of Black individuals plays an important role in 248 

explaining race differences in CHD death. In agreement with our results, income previously was 249 

reported to be the main driver of racial differences in sudden cardiac arrest in other 250 

investigations20,21. Furthermore, lower income has been associated with lower awareness of 251 

CHD, including the alarming symptoms of an AMI27. Our findings extend this literature to out-252 

of-hospital death as a whole, and suggest a potential role for access to care, as a lower access 253 

to health care due to limited income could cause delays in seeking care or even discourage care 254 

altogether28.  255 

The higher rates of fatal incident CHD in our study parallel previous reports that the first 256 

clinical presentation of CHD is more fatal among Black individuals compared with Whites1,3,11.  257 

One reason for the higher rate of fatal CHD in Black than in White individuals could be a higher 258 

rate of sudden cardiac death among Black people. Sudden cardiac death was indeed almost 259 

twice as high in Black than in White participants in previous analyses of the ARIC20 and the 260 

REGARDS studies29.  However, we found an excess of mortality among Black individuals for both 261 

out-of-hospital and in-hospital death, therefore it is unlikely that the higher rate of fatal CHD in 262 

Black persons is simply a reflection of a higher rate of sudden cardiac death.   263 

A second explanation for racial differences in incident fatal CHD could be due to 264 

differences in the time between symptom onset and arrival to the hospital,30 since significant 265 

delays in seeking medical care could increase the possibility of death from CHD. Based on 266 

previous studies, Black individuals tend to have longer prehospital delays31,32 and are more 267 
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likely to be unaware of the symptoms of an incipient CHD event27 compared with White 268 

individuals. Also, previous studies suggest that Black patients with AMI receive lower in-hospital 269 

quality of care with higher readmission rates than their White counterparts33. Additionally, 270 

previous studies suggested that significant racial disparities exist in utilization and outcomes of 271 

cardiac surgery34,35 where Black individuals are disadvantaged compared to Whites. These 272 

factors could lead to a higher incidence of in-hospital CHD and case-fatality in Black individuals 273 

compared to White individuals as suggested by our findings in this study.  274 

 A third possible explanation is that Black individuals have a higher prevalence of major 275 

CHD risk factors and lower rates of access to interventions aimed at controlling these risk 276 

factors compared to White counterparts36-38. Previous literature reported higher in-hospital 277 

mortality and lower secondary prevention uptake, such as revascularization procedures in Black 278 

individuals compared to White individuals12-19.  Furthermore, Black patients are reported to 279 

have longer waiting times to treatment after hospitalization than White patients39, resulting in 280 

delays for the receipt of secondary prevention interventions which could contribute to higher 281 

mortality40. The higher rates of fatal in-hospital CHD and of case-fatality in Black vs. White 282 

individuals in our analysis are consistent with previous studies8,41,42. Race-related disparities in 283 

fatal in-hospital CHD lost statistical significance after adjusting for cardiovascular risk factors, 284 

suggesting that cardiovascular risk factors play a role to some extent in explaining outcome 285 

differences by race.  286 

Our study has several strengths, including the large sample size and the long duration of 287 

follow-up in a community-based setting. Another strength was the use of self-reported race, as 288 

suggested by recent guidelines for disparities research,43,44 rather than inferring race from 289 
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other sources. We used rigorous methods for mediation analysis with marginal structural 290 

models to help avoid potential biases. Furthermore, the ARIC study has active surveillance of 291 

events through hospital records and adjudication by an expert committee, minimizing event 292 

misclassification. For the adjudication of out-of-hospital incident CHD deaths, the ARIC study 293 

incorporated multiple sources of information, including interviews with the next of kin and 294 

physicians. However, a limitation is that all participants in the Jackson site were Black, and 295 

participants in the Minnesota and Maryland sites were predominantly White; therefore, we 296 

were not able to fully separate differences by race from differences by study site. Also, we 297 

could only consider baseline socioeconomic and cardiovascular risk factors in our analysis and 298 

we did not examine potential role of racial differences in treatments and procedures on the 299 

study results. It is likely that other environmental, social, cultural and policy factors could play a 300 

role in the excess CHD death among Black persons. Further studies are needed to investigate 301 

how the geographical and contextual factors would impact the association of race and CHD 302 

incidence. 303 

In conclusion, based on our findings, Black individuals die from CHD at about twice the 304 

rate of White individuals, and the excess in mortality is seen irrespective of where these events 305 

occur in or out of the hospital.  Income plays a pronounced role in this disparity for both in- and 306 

out-of-hospital deaths, also suggesting a key role of healthcare access. These findings highlight 307 

the need for better primary prevention interventions among Black people to prevent CHD 308 

death. Our results also suggest the importance of targeting lack of healthcare coverage and 309 

other potential barriers to access to care in order to decrease racial differences in CHD death 310 

and foster health equity. Timely access to emergency care and effective preventive 311 
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interventions could decrease the racial disparities in fatal CHD events. Furthermore, equal 312 

access to high quality of in-hospital care, and to advanced cardiology care, such as cardiac 313 

surgery when needed, could prevent racial disparities in in-hospital fatal CHD and its case-314 

fatality. 315 

Acknowledgments 316 

The authors thank the staff and participants of the ARIC study for their important contributions. 317 

Sources of Funding 318 

The ARIC study has been funded in whole or in part with Federal funds from the National Heart, 319 

Lung, and Blood Institute, National Institutes of Health, Department of Health and Human 320 

Services, under Contract nos. (HHSN268201700001I, HHSN268201700002I, 321 

HHSN268201700003I, HHSN268201700005I, HHSN268201700004I). Dr Duygu Islek is funded by 322 

the American Heart Association pre-doctoral fellowship (Award number: 19PRE34380062). Dr. 323 

Mohammed K. Ali is partially supported by the Georgia Center for Diabetes Translation 324 

Research funded by the National Institute of Diabetes and Digestive and Kidney Diseases 325 

(P30DK111024). Research reported in this publication was also supported by the National 326 

Heart, Lung, And Blood Institute of the National Institutes of Health under Award Number 327 

K24HL148521. The content is solely the responsibility of the authors and does not necessarily 328 

represent the official views of the National Institutes of Health. The funding sources had no role 329 

in study design; in the collection, analysis, and interpretation of data; in writing the report; and 330 

in the decision to submit the article for publication.  331 

 332 



16 

 

Disclosures 333 

None. 334 

Author contributions  335 

Conceptualization and methodology: All authors Interpretation of data: All authors Statistical 336 

analysis: Islek, Alonso, Naimi Drafting of the manuscript: Islek Review and editing of the 337 

manuscript: All authors Supervision: Vaccarino. 338 

Supplemental Materials 339 

Supplemental Tables 1-8 340 

 341 

  342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 



17 

 

References 353 

1. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends in the incidence and 354 

outcomes of acute myocardial infarction. N Engl J Med 2010;362:2155-2165. 355 

2. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain 356 

AM, Cheng S, Delling FN, Elkind MSV, Evenson KR, Ferguson JF, Gupta DK, Khan SS, Kissela BM, Knutson 357 

KL, Lee CD, Lewis TT, Liu J, Loop MS, Lutsey PL, Ma J, Mackey J, Martin SS, Matchar DB, Mussolino ME, 358 

Navaneethan SD, Perak AM, Roth GA, Samad Z, Satou GM, Schroeder EB, Shah SH, Shay CM, Stokes A, 359 

VanWagner LB, Wang NY, Tsao CW, American Heart Association Council on E, Prevention Statistics C, 360 

Stroke Statistics S. Heart Disease and Stroke Statistics-2021 Update: A Report From the American Heart 361 

Association. Circulation 2021;143:e254-e743. 362 

3. Rosamond WD, Chambless LE, Heiss G, Mosley TH, Coresh J, Whitsel E, Wagenknecht L, Ni H, Folsom 363 

AR. Twenty-two-year trends in incidence of myocardial infarction, coronary heart disease mortality, and 364 

case fatality in 4 US communities, 1987-2008. Circulation 2012;125:1848-1857. 365 

4. Chaudhry SI, Khan RF, Chen J, Dharmarajan K, Dodson JA, Masoudi FA, Wang Y, Krumholz HM. 366 

National trends in recurrent AMI hospitalizations 1 year after acute myocardial infarction in Medicare 367 

beneficiaries: 1999-2010. J Am Heart Assoc 2014;3:e001197. 368 

5. Chen J, Normand SL, Wang Y, Drye EE, Schreiner GC, Krumholz HM. Recent declines in hospitalizations 369 

for acute myocardial infarction for Medicare fee-for-service beneficiaries: progress and continuing 370 

challenges. Circulation 2010;121:1322-1328. 371 

6. Mehta RH, Marks D, Califf RM, Sohn S, Pieper KS, Van de Werf F, Peterson ED, Ohman EM, White HD, 372 

Topol EJ, Granger CB. Differences in the clinical features and outcomes in African Americans and whites 373 

with myocardial infarction. Am J Med 2006;119:70 e71-78. 374 



18 

 

7. Brown TM, Deng L, Becker DJ, Bittner V, Levitan EB, Rosenson RS, Safford MM, Muntner P. Trends in 375 

mortality and recurrent coronary heart disease events after an acute myocardial infarction among 376 

Medicare beneficiaries, 2001-2009. Am Heart J 2015;170:249-255. 377 

8. Colantonio LD, Gamboa CM, Richman JS, Levitan EB, Soliman EZ, Howard G, Safford MM. Black-White 378 

Differences in Incident Fatal, Nonfatal, and Total Coronary Heart Disease. Circulation 2017;136:152-166. 379 

9. Vaccarino V, Rathore SS, Wenger NK, Frederick PD, Abramson JL, Barron HV, Manhapra A, Mallik S, 380 

Krumholz HM, National Registry of Myocardial Infarction I. Sex and racial differences in the management 381 

of acute myocardial infarction, 1994 through 2002. N Engl J Med 2005;353:671-682. 382 

10. Zhang ZM, Rautaharju PM, Prineas RJ, Rodriguez CJ, Loehr L, Rosamond WD, Kitzman D, Couper D, 383 

Soliman EZ. Race and Sex Differences in the Incidence and Prognostic Significance of Silent Myocardial 384 

Infarction in the Atherosclerosis Risk in Communities (ARIC) Study. Circulation 2016;133:2141-2148. 385 

11. Safford MM, Brown TM, Muntner PM, Durant RW, Glasser S, Halanych JH, Shikany JM, Prineas RJ, 386 

Samdarshi T, Bittner VA, Lewis CE, Gamboa C, Cushman M, Howard V, Howard G, Investigators R. 387 

Association of race and sex with risk of incident acute coronary heart disease events. JAMA 388 

2012;308:1768-1774. 389 

12. Kikkert WJ, Hoebers LP, Damman P, Lieve KV, Claessen BE, Vis MM, Baan J, Jr., Koch KT, de Winter RJ, 390 

Piek JJ, Tijssen JG, Henriques JP. Recurrent myocardial infarction after primary percutaneous coronary 391 

intervention for ST-segment elevation myocardial infarction. Am J Cardiol 2014;113:229-235. 392 

13. Thune JJ, Signorovitch JE, Kober L, McMurray JJ, Swedberg K, Rouleau J, Maggioni A, Velazquez E, 393 

Califf R, Pfeffer MA, Solomon SD. Predictors and prognostic impact of recurrent myocardial infarction in 394 

patients with left ventricular dysfunction, heart failure, or both following a first myocardial infarction. 395 

Eur J Heart Fail 2011;13:148-153. 396 

14. Whittle J, Conigliaro J, Good CB, Lofgren RP. Racial differences in the use of invasive cardiovascular 397 

procedures in the Department of Veterans Affairs medical system. N Engl J Med 1993;329:621-627. 398 



19 

 

15. Chen J, Rathore SS, Radford MJ, Wang Y, Krumholz HM. Racial differences in the use of cardiac 399 

catheterization after acute myocardial infarction. N Engl J Med 2001;344:1443-1449. 400 

16. Peterson ED, Shaw LK, DeLong ER, Pryor DB, Califf RM, Mark DB. Racial variation in the use of 401 

coronary-revascularization procedures. Are the differences real? Do they matter? N Engl J Med 402 

1997;336:480-486. 403 

17. Ayanian JZ, Udvarhelyi IS, Gatsonis CA, Pashos CL, Epstein AM. Racial differences in the use of 404 

revascularization procedures after coronary angiography. JAMA 1993;269:2642-2646. 405 

18. Canto JG, Allison JJ, Kiefe CI, Fincher C, Farmer R, Sekar P, Person S, Weissman NW. Relation of race 406 

and sex to the use of reperfusion therapy in Medicare beneficiaries with acute myocardial infarction. N 407 

Engl J Med 2000;342:1094-1100. 408 

19. Sonel AF, Good CB, Mulgund J, Roe MT, Gibler WB, Smith SC, Jr., Cohen MG, Pollack CV, Jr., Ohman 409 

EM, Peterson ED, Investigators C. Racial variations in treatment and outcomes of black and white 410 

patients with high-risk non-ST-elevation acute coronary syndromes: insights from CRUSADE (Can Rapid 411 

Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With Early Implementation 412 

of the ACC/AHA Guidelines?). Circulation 2005;111:1225-1232. 413 

20. Zhao D, Post WS, Blasco-Colmenares E, Cheng A, Zhang Y, Deo R, Pastor-Barriuso R, Michos ED, 414 

Sotoodehnia N, Guallar E. Racial Differences in Sudden Cardiac Death. Circulation 2019;139:1688-1697. 415 

21. Reinier K, Stecker EC, Vickers C, Gunson K, Jui J, Chugh SS. Incidence of sudden cardiac arrest is 416 

higher in areas of low socioeconomic status: a prospective two year study in a large United States 417 

community. Resuscitation 2006;70:186-192. 418 

22. Atherosclerosis Risk in Communities Study. Manual 3.  Surveillance Component Procedures Manual 419 

of Operations Version 6.6 November 12, 2015. Available from: 420 

https://sites.cscc.unc.edu/aric/sites/default/files/public/manuals/Manual3_Ver%206.6_20151112.pdf. 421 

Accessed: 5 November 2022. 422 



20 

 

23. Nandi A, Glymour MM, Kawachi I, VanderWeele TJ. Using marginal structural models to estimate the 423 

direct effect of adverse childhood social conditions on onset of heart disease, diabetes, and stroke. 424 

Epidemiology 2012;23:223-232. 425 

24. Naimi AI, Schnitzer ME, Moodie EE, Bodnar LM. Mediation Analysis for Health Disparities Research. 426 

Am J Epidemiol 2016;184:315-324. 427 

25. VanderWeele TJ. Causal mediation analysis with survival data. Epidemiology 2011;22:582-585. 428 

26. VanderWeele TJ. Marginal structural models for the estimation of direct and indirect effects. 429 

Epidemiology 2009;20:18-26. 430 

27. Mahajan S, Valero-Elizondo J, Khera R, Desai NR, Blankstein R, Blaha MJ, Virani SS, Kash BA, Zoghbi 431 

WA, Krumholz HM, Nasir K. Variation and Disparities in Awareness of Myocardial Infarction Symptoms 432 

Among Adults in the United States. JAMA Netw Open 2019;2:e1917885. 433 

28. Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P, Quyyumi AA, Taylor HA, Gulati M, 434 

Harold JG, Mieres JH, Ferdinand KC, Mensah GA, Sperling LS. Socioeconomic Status and Cardiovascular 435 

Outcomes: Challenges and Interventions. Circulation 2018;137:2166-2178. 436 

29. Deo R, Safford MM, Khodneva YA, Jannat-Khah DP, Brown TM, Judd SE, McClellan WM, Rhodes JD, 437 

Shlipak MG, Soliman EZ, Albert CM. Differences in Risk of Sudden Cardiac Death Between Blacks and 438 

Whites. J Am Coll Cardiol 2018;72:2431-2439. 439 

30. Makam RP, Erskine N, Yarzebski J, Lessard D, Lau J, Allison J, Gore JM, Gurwitz J, McManus DD, 440 

Goldberg RJ. Decade Long Trends (2001-2011) in Duration of Pre-Hospital Delay Among Elderly Patients 441 

Hospitalized for an Acute Myocardial Infarction. J Am Heart Assoc 2016;5:e002664. 442 

31. McGinn AP, Rosamond WD, Goff DC, Jr., Taylor HA, Miles JS, Chambless L. Trends in prehospital 443 

delay time and use of emergency medical services for acute myocardial infarction: experience in 4 US 444 

communities from 1987-2000. Am Heart J 2005;150:392-400. 445 



21 

 

32. Nguyen HL, Gore JM, Saczynski JS, Yarzebski J, Reed G, Spencer FA, Goldberg RJ. Age and sex 446 

differences and 20-year trends (1986 to 2005) in prehospital delay in patients hospitalized with acute 447 

myocardial infarction. Circ Cardiovasc Qual Outcomes 2010;3:590-598. 448 

33. Raparelli V, Benea D, Nunez Smith M, Behlouli H, Murphy TE, D'Onofrio G, Pilote L, Dreyer RP. 449 

Impact of Race on the In-Hospital Quality of Care Among Young Adults With Acute Myocardial Infarction. 450 

J Am Heart Assoc 2021;10:e021408. 451 

34. Rangrass G, Ghaferi AA, Dimick JB. Explaining racial disparities in outcomes after cardiac surgery: the 452 

role of hospital quality. JAMA Surg 2014;149:223-227. 453 

35. Angraal S, Khera R, Wang Y, Lu Y, Jean R, Dreyer RP, Geirsson A, Desai NR, Krumholz HM. Sex and 454 

Race Differences in the Utilization and Outcomes of Coronary Artery Bypass Grafting Among Medicare 455 

Beneficiaries, 1999-2014. J Am Heart Assoc 2018;7. 456 

36. Nadruz W, Jr., Claggett B, Henglin M, Shah AM, Skali H, Rosamond WD, Folsom AR, Solomon SD, 457 

Cheng S. Widening Racial Differences in Risks for Coronary Heart Disease. Circulation 2018;137:1195-458 

1197. 459 

37. Mochari-Greenberger H, Liao M, Mosca L. Racial and ethnic differences in statin prescription and 460 

clinical outcomes among hospitalized patients with coronary heart disease. Am J Cardiol 2014;113:413-461 

417. 462 

38. Kressin NR, Orner MB, Manze M, Glickman ME, Berlowitz D. Understanding contributors to racial 463 

disparities in blood pressure control. Circ Cardiovasc Qual Outcomes 2010;3:173-180. 464 

39. Alrwisan A, Eworuke E. Are Discrepancies in Waiting Time for Chest Pain at Emergency Departments 465 

between African Americans and Whites Improving Over Time? J Emerg Med 2016;50:349-355. 466 

40. Foo CY, Bonsu KO, Nallamothu BK, Reid CM, Dhippayom T, Reidpath DD, Chaiyakunapruk N. 467 

Coronary intervention door-to-balloon time and outcomes in ST-elevation myocardial infarction: a meta-468 

analysis. Heart 2018;104:1362-1369. 469 



22 

 

41. White AD, Rosamond WD, Chambless LE, Thomas N, Conwill D, Cooper LS, Folsom AR. Sex and race 470 

differences in short-term prognosis after acute coronary heart disease events: the Atherosclerosis Risk 471 

In Communities (ARIC) study. Am Heart J 1999;138:540-548. 472 

42. Rodriguez F, Foody JM, Wang Y, Lopez L. Young Hispanic Women Experience Higher In-Hospital 473 

Mortality Following an Acute Myocardial Infarction. J Am Heart Assoc 2015;4:e002089. 474 

43. Ioannidis JPA, Powe NR, Yancy C. Recalibrating the Use of Race in Medical Research. JAMA 475 

2021;325:623-624. 476 

44. Breathett K, Spatz ES, Kramer DB, Essien UR, Wadhera RK, Peterson PN, Ho PM, Nallamothu BK. The 477 

Groundwater of Racial and Ethnic Disparities Research: A Statement From Circulation: Cardiovascular 478 

Quality and Outcomes. Circ Cardiovasc Qual Outcomes 2021;14:e007868. 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 



23 

 

Figure Legends 490 

Figure 1. Directed acyclic graph as a conceptual model demonstrating race and incident coronary heart 491 

disease associations through income as the mediator and other covariates 492 

                 Abbreviations: CVD: cardiovascular disease, BMI: body mass index, CHD: Coronary heart 493 

disease, HT: Hypertension 494 

 495 

Figure 2. Incidence of non-fatal, fatal out-of-hospital and fatal in-hospital coronary heart 496 

disease in Black and White participants in ARIC Cohort (1987-2017) 497 

                  Abbreviation: CHD: Coronary heart disease 498 

 499 

Figure 3. Results from sex-stratified analysis comparing racial differences in incident CHD outcomes 500 

among men and women adjusted for age in ARIC Cohort (1987-2017) 501 

              Abbreviations: HR: Hazard Ratio, CHD: Coronary Heart disease 502 

 503 









Table 1. Characteristics of Atherosclerosis Risk in Communities cohort study participants at 

baseline (1987-89) by race (n=14979). 

 Black participants1 

(n=4095) 

White participants1 

(n=10884) 

Age2, mean (SD), y 53.4 (5.8) 54.2 (5.7) 

Education, N (%)   

Grade school or less 805 (19.7 %) 580 (5.3 %) 

High school, but no degree 884 (21.7 %) 1212 (11.1 %) 

High school graduate 881 (21.6 %) 3975 (36.6 %) 

Vocational school 278 (6.8 %) 980 (9.0 %) 

College 708 (17.3 %) 3135 (28.8 %) 

Graduate school or Professional school 527 (12.9 %) 989 (9.1 %) 

Income (US $), N (%)   

< 16000 1931 (52.4 %) 1272 (12.2 %) 

16000 to < 25000 666 (18.1 %) 1457 (14.0 %) 

25000 to < 35000 466 (12.6 %) 2034 (19.5 %) 

35000 to < 50000  360 (9.8 %) 2393 (23.0 %) 

≥ 50000  262 (7.1 %) 3259 (31.3 %) 

Smoking status N (%)   

Current 1212 (29.7 %) 2688 (24.7 %) 

Former 951 (23.3 %) 3733 (34.3 %) 

Never 1924 (47.1 %) 4455 (41.0 %) 



Body Mass Index, N (%)   

< 30.0 2423 (59.4 %) 8434 (77.6 %) 

≥ 30.0  1653 (40.6 %) 2439 (22.4 %) 

Hypertension, N (%) 2252 (55.3 %) 2844 (26.2 %) 

Diabetes, N (%) 753 (18.9 %) 922 (8.5 %) 

Total Cholesterol, N (%)   

< 200 mg/dl 1559 (40.2 %) 4025 (37.1 %) 

≥ 200 mg/dl 2322 (59.8 %) 6830 (62.9 %) 

Abbreviations: SD: standard deviation 
1 All analyses were restricted to people with no previous history of coronary heart disease at baseline. 
2Age is the age of the participant at baseline. 

 

 

 

 

 

 



Table 2. Association of race with incident non-fatal, fatal and total coronary heart disease in the 

Atherosclerosis Risk in Communities cohort study (1987-2017) (n=14979) 

 Black participants 

(n=4095) 

White participants 

(n=10884) 

Person-years   87327  249663 

Incident fatal coronary heart disease   

Events  305  511 

Incidence (95 % CI) per 1000 person-years  3.50 (3.11-3.90) 2.05 (1.88-2.23) 

Model 11, HR (95% CI) 2.02 (1.75-2.33) ref  

Model 22, HR (95% CI) 1.39 (1.17-1.64) ref 

Model 33, HR (95% CI) 1.01 (0.84-1.21) ref 

Incident non-fatal coronary heart disease   

Events 347  1069 

Incidence (95 % CI) per 1000 person-years  3.97 (3.57-44.1) 4.28 (4.03-4.54) 

Model 11, HR (95% CI) 1.05 (0.93-1.18) ref 

Model 22, HR (95% CI) 0.89 (0.77-1.02) ref 

Model 33, HR (95% CI) 0.80 (0.69-0.93) ref 

Total incident coronary heart disease   

Events 652 1580 

Incidence (95 % CI) per 1000 person-years  7.47 (6.91-8.06) 6.33 (6.02 -6.65) 

Model 11, HR (95% CI) 1.36 (1.24-1.49) ref 

Model 22, HR (95% CI) 1.06 (0.96-1.18) ref 



Model 33, HR (95% CI) 0.88 (0.79-0.99) ref 

Abbreviations: HR: Hazard ratio, CI: Confidence interval 

 
1 Model 1 is Cox proportional hazard model, adjusted for age and sex.  

2 In Model 2, income is included in addition to Model 1. Income was included in five groups: < $16000, $16000 to $25000, 

$25000 to $35000, $35000 to $50000, ≥ $50000 

3 In Model 3, cardiovascular risk factors (smoking, BMI, hypertension, diabetes, total cholesterol) are additionally included to 

Model 2.  All analyses were restricted to people with no previous history of coronary heart disease at baseline. 

 

 

 

 



Table 3. Association of race with fatal out-of-hospital and in-hospital coronary heart disease in 

the Atherosclerosis Risk in Communities cohort study (1987-2017) (n=14979) 

 Black participants  

        (n=4095) 

White participants 

          (n=10884) 

Person years   87327   249663  

Fatal out-of-hospital incident coronary heart 

disease1 

  

Events  116 240 

Incidence (95 % CI) per 1000 person-years  1.33 (1.10-1.59) 0.96 (0.85-1.09) 

Model 12, HR (95% CI) 1.65 (1.32-2.07) ref  

Model 23, HR (95% CI) 1.06 (0.82-1.37) ref  

Model 34, HR (95% CI) 0.77(0.58-1.02) ref  

Fatal in-hospital incident coronary heart disease5   

Events 189 267 

Incidence (95 % CI) per 1000 person-years  2.16 (1.87-2.49) 1.07 (0.95-1.20) 

Model 12, HR (95% CI) 2.37 (1.96-2.86) ref  

Model 23, HR (95% CI) 1.73 (1.39-2.16) ref 

Model 34, HR (95% CI) 1.24 (0.98-1.58) ref 

Abbreviations: HR: Hazard ratio, CI: Confidence interval 
1 Fatal out-of-hospital coronary heart disease include deaths of participants who died at home, nursing homes, other undefined 

place or who were dead on arrival to hospital. All analyses were restricted to people with no previous history of coronary heart 

disease at baseline. 

 
2 Model 1 is Cox proportional hazard model, adjusted for age and sex.  

3 In Model 2, income is included in addition to Model 1. Income was included in five groups: < $16000, $16000 to $25000, 

$25000 to $35000, $35000 to $50000, > $50000  

4 In Model 3, cardiovascular risk factors (smoking, BMI, hypertension, diabetes, total cholesterol) are additionally included to 

Model 2.  All analyses were restricted to people with no previous history of coronary heart disease. 

5 Fatal in-hospital coronary heart disease includes deaths which occurred in hospital 



Table 4. Income-controlled direct effects of race on incident CHD in Atherosclerosis Risk in 

Communities cohort (1987-2017) (n=14979) 

 Black participants 

(n=4095) 

White participants 

(n=10884) 

Incident fatal coronary heart disease   

HR1 (95% CI) 1.68 (1.41-2.00) ref  

HR2 (95% CI) 1.54 (1.27-1.86) ref 

HR3 (95% CI) 1.49 (1.21-1.82) ref 

Incident non-fatal coronary heart disease   

HR1 (95% CI) 0.96(0.83-1.11) ref 

HR2 (95% CI) 0.93 (0.79-1.09) ref 

HR3 (95% CI) 0.95 (0.81-1.12) ref 

Total incident coronary heart disease   

HR1 (95% CI) 1.20 (1.07-1.34) ref  

HR2 (95% CI) 1.13 (1.00-1.28) ref 

HR3 (95% CI) 1.13 (1.00-1.28) ref 

Fatal out-of-hospital incident coronary heart 

disease4 

  

HR1 (95% CI) 1.33 (1.01-1.74) ref  

HR2 (95% CI) 1.17 (0.87-1.57) ref 

HR3 (95% CI) 1.12 (0.84-1.49)  

Fatal in-hospital incident coronary heart disease5   



HR1 (95% CI) 2.03 (1.61-2.55) ref 

HR2 (95% CI) 1.93 (1.51-2.48) ref 

HR3 (95% CI) 1.88 (1.43-2.47) ref 

Abbreviations: HR: Hazard ratio: CI: Confidence interval 

 
1 HR is estimated with a Cox marginal structural model where income (categorized as ‘< $35000 and ‘$35000 and above’) is 

included as a mediator to the model. Inverse probability weighting method is applied. Other covariates include age, sex, and 

cardiovascular risk factors (smoking, BMI, hypertension, diabetes, total cholesterol). All analyses were restricted to people with 

no previous history of coronary heart disease at baseline. 

 
2 HR is estimated with the same Cox marginal structural model as above. Income is categorized as ‘< $25000’ and ‘$25000 and 

above’ for sensitivity analysis. 

 
3 HR is estimated with the same Cox marginal structural model as above. Income is categorized as ‘< $16000’ and ‘$16000 and 

above’ for sensitivity analysis. 

 
4 Fatal out-of-hospital coronary heart disease include deaths of participants who died at home, nursing homes, other undefined 

place or who were dead on arrival to hospital. 

 
5 Fatal in-hospital coronary heart disease include deaths which occurred in-hospital. 

 

 

 




