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Background: Despite improvements in population health, marked racial/ethnic disparities in
longevity and cardiovascular disease(CVD) mortality persist. The purpose of this study was to
describe risks for all-cause and CVD mortality by race/ethnicity, before and after accounting
for socio-economic status (SES) and other factors, in the Multi-Ethnic Study of Atherosclerosis
(MESA).

Methods: MESA recruited 6814 US adults, age 45-84 years, free of clinical CVD at baseline,
including Black, White, Hispanic and Chinese individuals (2000-2002). Using Cox proportional
hazards modeling with time-updated covariates, we evaluated the association of self-reported race/
ethnicity with all-cause and adjudicated CVD mortality, with progressive adjustments for age and
sex, SES (neighborhood SES, income, education and health insurance), lifestyle and psychosocial
risk factors, clinical risk factors, and immigration history.

Results: During a median of 15.8 years of follow-up, 22.8% of participants (n=1552) died, of
which 5.3% (n=364) died from CVD. After adjusting for age and sex, Black participants had a
34% higher mortality hazard [hazard ratio (HR) 1.34; 95% CI 1.19-1.51], Chinese participants
had a 21% lower mortality hazard (HR 0.79; 0.66—0.95), and there was no mortality difference
in Hispanic (HR 0.99; 0.86-1.14) compared to White participants. After adjusting for SES, the
mortality hazard ratio for Black relative to White participants was reduced (HR 1.16; 1.01-1.34)
but still statistically significant. With adjustment for SES, the mortality hazards for Chinese

and Hispanic participants also decreased relative to White participants. After further adjustment
for additional risk factors and immigration history, Hispanic participants (HR 0.77; 0.63-0.94)
had a lower mortality risk relative to White participants, and hazard ratios for Black (HR 1.08;
0.92-1.26) and Chinese (HR 0.81;0.60-1.08) were not significantly different from those of White
participants. Similar trends were seen for CVD mortality, although the age and sex- adjusted
hazard ratio for CVD mortality for Black compared to White participants was greater than
all-cause mortality (HR 1.72; 1.34-2.21, compared with HR 1.34; 1.19-1.51).

Conclusions: These results highlight persistent racial/ethnic differences in overall and CVD
mortality, largely attributable to social determinants of health, and support the need to identify and
act on systemic factors that shape differences in health across racial/ethnic groups.

Public health advances and medical discoveries have led to dramatic reductions in
cardiovascular disease (CVVD) mortality and improvements in adult life expectancy in the
United States over the last few decades. Despite general improvements in population health,
marked inequities in longevity and cardiovascular disease (CVD) mortality between racial/
ethnic groups persist.1~7 Following Healthy People 2020 we define disparities as a particular
type of health difference that is closely linked with economic, social, or environmental
disadvantage.® Thus disparities are not biologically determined, rather they are largely
driven by structural and systemic factors related to social organization and racism that
operate through the social determinants of health.®: 10

The Multi-Ethnic Study of Atherosclerosis (MESA) is a longitudinal cohort study which
includes a diverse, community-based sample of adults with detailed assessments of SES,
lifestyle, psychosocial, environmental and clinical risk factors, and immigrant history/
acculturation with follow-up ascertainment of adjudicated CVD events and mortality.1
There have been multiple individual analyses in MESA describing racial/ethnic differences
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in these factors and associations with CVD.12-23 The purpose of this report was to describe
racial/ethnic differences in all-cause and CVD mortality in self-identified White, Black,
Hispanic and Chinese adults in MESA, before and after accounting for socio-economic
status (SES) and other factors.

MESA is an observational cohort study, designed to determine risk factors for progression
of subclinical CVD and progression to clinically overt CVD among adults of White,

Black, Hispanic and Chinese race/ethnicity.11: 24 MESA recruited 6814 adults in 2000—
2002, age 45-84 years, who self-identified their race/ethnicity. All participants were free

of clinically recognized CVD at baseline, including a history of myocardial infarction,
angina, stroke, transient ischemic attack, heart failure, cardiac surgery or percutaneous
intervention, current atrial fibrillation, active treatment for cancer or any serious condition
which would prevent long-term participation. Participants were recruited from six urban/
suburban field centers in the United States (Baltimore, Maryland; Chicago, IL; Forsyth
County, North Carolina; Los Angeles, California; New York, New York; and St Paul,
Minnesota). Each field center recruited approximately equal numbers of men and women
from two or more of the racial/ethnic groups. The baseline exam was completed between
2000 and 2002 with five subsequent examinations: visit 2 (2002-2004), visit 3 (2004—-2005),
visit 4 (2005-2007), visit 5 (2010-2012) and visit 6 (2016—-2018). Details are available

at the MESA website at https://www.mesa-nhlbi.org. Participants have been followed for
two decades with systematic ascertainment and adjudication of CVD events and mortality
(adjudicated through 2017). Institutional review boards approved the study at each site, and
all participants provided written informed consent. Access to anonymized MESA data can
be made after review and approval by the MESA publications committee.

Research staff were centrally trained. Blood pressure was measured three times in a

seated position with an automated oscillometric sphygmomanometer under standardized
conditions. The last two readings were averaged for analyses. Height and weight were
measured using a stadiometer and balance beam scale with participants wearing no shoes
and light clothing. Body mass index was calculated as weight (kg) divided by height squared
(m?2). Total and HDL cholesterol, triglycerides and glucose were measured at a central
laboratory after a 12 hour fast using standard methodology. LDL-cholesterol was calculated
using the Friedewald equation. Use of hypertension, diabetes and statin medications

were obtained by self-report. Participants brought their pill bottles to the clinic visit for
confirmation. Treated diabetes was defined as the use of insulin or oral hypoglycemic
medications. Standardized questionnaires were administered to collect information on level
of education, current household income, medical insurance status, smoking status (current,
former, never), smoking pack-years (including 0 for non-smokers), and alcohol use. Physical
activity was assessed using a detailed, semiquantitative survey based on the Typical Week
Physical Activity Survey.25 Intentional exercise was calculated in METS-minutes/week of
exercise including moderate walking, dance and individual activities, and vigorous team

and dual sports. Typical diet during the previous year was assessed using a 120-item food-
frequency questionnaire (FFQ) quantifying usual intake over the past year based on the
Insulin Resistance Atherosclerosis Study instrument and modified to include foods typically
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eaten by Chinese individuals.2® Diet was categorized as poor, intermediate and ideal based
on Life’s Simple Seven criteria.2” Intermediate and ideal were combined for analyses.

The Social Support Index survey, based on the ENRICHD social support inventory, was
administered.28 Chronic Stress was assessed using a modified version of the Chronic Burden
Scale.2% 30 perceived discrimination was assessed with a questionnaire modified from the
Everyday Discrimination Scale and the Major Experiences of Discrimination Scale.3!

Medical insurance was categorized as no health insurance, government insurance only
(Medicare/Medicaid/ Military) or private health insurance (with or without government
insurance). SES and household income were assessed by self-report. A neighborhood SES
index was developed from the U.S. Census and the American Community Survey (ACS)
data at the census tract level, based on data from the U.S. Census 2000 (US Census Bureau.
Census, 2000). Sixteen tract-level measures of educational attainment, occupation, income,
wealth, poverty, employment status, and housing characteristics were considered using
principal factor analysis with varimax rotation. Seven SES variables that loaded together
were used to calculate a neighborhood SES score by multiplying the factor weights by

the standardized variables. These measures include: median home value, % with > high
school education, % with = Bachelor’s degree, % with management/professional occupation,
median household income, % with household income>$50,000, % households with interest/
dividend/rental income. This score has been used in other MESA analyses. 32-34 Higher
values for neighborhood SES score indicate lower SES.

Length of time living in the US was reported by each participant at baseline. We

derived three categories of immigrant history, including US born participants, foreign-born
participants having lived in the US for < 30 years and foreign-born participants having lived
in the US for > 30 years.3®

Participants were followed for incident cardiovascular events and mortality for a median

of 15.8 years from their baseline examinations through 2017. In addition to five follow-up
MESA study examinations, a telephone interviewer contacted each participant or their
proxy every 9 to 12 months to inquire about all interim hospital admissions, cardiovascular
diagnoses, and deaths. To verify self-reported diagnoses, copies were requested of all

death certificates and medical records for all hospitalizations and selected outpatient
cardiovascular diagnoses. Next-of-kin interviews for out-of-hospital cardiovascular deaths
were performed, and autopsy reports reviewed when available. Information about all deaths
were collected systematically from the Nation Death Index database, which included
underlying cause of death (https://www.cdc.gov/nchs/ndi/index.htm).

Trained personnel abstracted hospital records with possible cardiovascular events and copied
materials relevant to the event classification (e.g., ECGs, discharge summaries). Two MESA
physicians independently reviewed the abstracted records for end-point classification using
pre-specified criteria. If the reviewing physicians disagreed on the event classification, they
adjudicated differences. If disagreements persisted, the full events committee made the

final classification. Cardiovascular deaths were adjudicated using causes listed on death
certificates, medical records and next of kin interviews.
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We included all-cause mortality and cardiovascular disease mortality as primary outcomes
for analysis. Cardiovascular mortality included death attributed to atherosclerotic coronary
heart disease, stroke, primary arrhythmic death, other atherosclerotic disease, other
cardiovascular disease, and heart failure. Reviewers classified myocardial infarction as
definite, probable, or absent, based primarily on combinations of symptoms (e.g., chest
pain), ECG abnormalities, and cardiac biomarker levels. Definite fatal CHD required a
myocardial infarction within 28 days of death or chest pain within the 72 h before death or
a history of CHD, and the absence of a known nonatherosclerotic or noncardiac cause of
death. Stroke required documented focal neurological deficit lasting 24 h or until death, or
if <24 hours, a clinically relevant lesion on brain imaging. Patients with focal neurological
deficits secondary to brain trauma, tumor, infection, or other nonvascular cause were called
no stroke. Stroke included all types, fatal or non-fatal stroke, including hemorrhagic stroke.
Non-CVD causes of death were not adjudicated and were classified according to the
underlying cause on the death certificate.

Statistical Methods

Baseline measures of demographics, SES, lifestyle and psychosocial variables, clinical

risk factors, and immigration history, stratified by the four racial/ethnic groups, were
summarized as means (SD) or prevalences. There were 20 (0.3%) participants with
unknown mortality status, and were therefore not included in the analyses. The number

of events and the rates per 1000 person-years at risk for the outcomes of all-cause

mortality, and CVD mortality by race-ethnicity were summarized. Kaplan-Meier curves
were used to display events for the outcomes of all-cause mortality and CVVD mortality,
stratified by race/ethnicity. Cox regression models were adjusted in blocks progressively3® a)
demographics, b) SES, c) lifestyle and psychosocial risk factors, d) clinical risk factors and
e) immigration history. The following covariates were updated at each exam, if available:
Income, neighborhood SES, BMI, drinking status, smoking status (including pack years),
statin use, triglycerides, HDL cholesterol, total cholesterol, hypertension medication use,
glucose, exercise status, diabetes, and health insurance. The other covariates were from

the baseline measurement. We used time-from-baseline as the time scale. Participants were
censored at the time of last known contact, or 12/31/2018 if the participant was contacted
after 12/31/2018. Most variables were missing in less than 0.05-2.0% of individuals, except
for household income (4.0%), diet (4.2%), and neighborhood SES (9.1%). Race-by-sex
multiplicative interaction was tested in the demographics adjusted models. Sensitivity
analyses were performed to account for birth cohort effects and also adjusting for field
center. For all regression models, we computed the hazard ratio with a two-sided 95%
confidence interval, indicating when a result was significant at a two-sided 0.05 p-value.
We checked the Cox proportional hazards assumption for race/ethnicity and all covariates
using scaled Schoenfeld residuals. For covariates with significant results we examined

the plot of the time varying coefficient versus time. Significant results were found for

statin use, non-private (i.e. government) health insurance, and the emotional social support
index. Inspection of the plots revealed that after approximately 15 years of follow-up the
associations for statins and government insurance attenuated somewhat. The departure from
proportional hazards was not visible to the naked eye for emotional support despite the
statistical significance. Inclusion of time varying coefficients for these variables did not
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alter the race/ethnicity coefficients or conclusions hence for ease of presentation we did not
include the time interaction for these variables. As an additional analysis we have provided
restricted mean survival estimates over 15 years which do not depend on any proportional
hazards assumptions. 37 Analyses were conducted using R (version 4.1.2).

The baseline characteristics of the study population, stratified by race/ethnicity are provided
in Table 1. There were multiple differences in SES, lifestyle, psychosocial, and clinical
factors between the groups. For example, White participants had the lowest neighborhood
SES score (reflecting highest SES), highest education and household income levels and
were least likely to have no private health insurance. White participants were most likely

to be former smokers, and currently consume alcohol. Diabetes medication use and fasting
glucose were lowest and statin use was highest in White participants.

Hispanic participants had the highest neighborhood SES score (reflecting lowest SES),
lowest education and household income levels, and had a high prevalence of not having
health insurance, poor diet, and diabetes. Hispanic participants had the highest LDL-
cholesterol and triglyceride levels, lowest HDL cholesterol levels, the lowest use of statin
medications and had high mean BMI.

Chinese participants had a relatively low neighborhood SES score (reflecting high SES),
and relatively high education and household income (compared to Hispanic and Black
participants), the lowest prevalence of poor diet, former and current smoking, and the lowest
amount of intentional exercise time (MET-min/week) and BMI. Chinese participants also
had a high prevalence of no health insurance and were least likely to have been born in the
us.

Black participants had a relatively high neighborhood SES score (reflecting low SES), low
household income and education levels relative to White participants and were less likely
to have no health insurance than Hispanic and Chinese participants. Black participants
were most likely to be current smokers and had the highest level of intentional exercise.
Black participants were more likely to use statin medications than Hispanic and Chinese
participants. In addition, Black participants had the highest body mass index, systolic and
diastolic blood pressures and use of hypertension medications and had a high prevalence of
diabetes, similar to that of Hispanic participants.

During a median of 15.8 years of follow-up, 22.8% of the participants (n=1552) died.
All-cause mortality death rates per 1000 person-years at risk and proportion dying during
follow-up were highest in Black ( 19.0; 26.4%), followed by White (15.8; 23.3%), Hispanic
(14.0; 19.8%) and Chinese participants (12.1; 18.0%), with similar differences for age at
death among participants who died during follow-up. The differences between mean age at
death for White compared to Black participants was 3.1 years (Table 2).

The Kaplan- Meier survival probability curves are displayed in Figure 1. Physician
adjudicated cardiovascular mortality occurred in 5.3% of participants and was highest in
Black participants (Figure 2). Nearly one quarter (23.5%) of deaths in the entire cohort were
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attributed to CVD. The proportion of deaths due to CVD was lowest in White (20.1%),
highest in Chinese (27.6%) and similar in Black (25.4%) and Hispanic (25.0%) participants.

CVD death rates are presented in Table 2. All cause and CVD death rates (unadjusted)
stratified by age decade and sex are presented in tables 4 and 5. Cancer deaths, based on
death certificate underlying cause of death, were slightly more frequent than adjudicated
CVD death (6.9% compared with 5.3%). Cancer mortality was highest in Black (9%),
slightly lower in White (7%) and similar in Chinese and Hispanic participants (5%). The
proportions of deaths attributed to cancer was higher than CVD (30.2% compared with
23.5%) and was highest in Black (32%) and White (31%) participants, slightly lower in
Chinese participants (29%) and lowest in Hispanic participants (25%).

Adjusted hazard ratios (HR) for all-cause and CVD mortality by race/ethnicity are shown

in Table 3. Although male sex was strongly associated with both mortality outcomes,

there were no significant race-sex interactions (all-cause mortality p=0.22; CVD mortality
p=0.66); therefore, all primary results are presented with men and women combined, except
in supplemental tables and figures. After adjusting for age and sex, Black participants had

a 34% higher mortality hazard [HR 1.34; 95% CI 1.19-1.51) and Chinese participants had
a 21% lower mortality hazard (HR 0.79; 0.66-0.95) than White participants. There was no
difference in mortality in Hispanic (HR 0.99; 0.86-1.14) compared to White participants.

Adjustment for SES factors (including neighborhood SES, household income, education and
health insurance status) resulted in significant attenuation of the higher risk for mortality

in Black compared to White participants. This association decreased from 34% greater
mortality in Black compared to White participants down to 16% greater mortality (HR

1.16; 1.01-1.27). SES adjustment resulted in even larger differences between Chinese

and White participants than before adjustment (HR 0.62; 0.50-0.76). After adjusting for
SES factors, Hispanic participants had a 28% lower mortality hazard compared to White
participants (HR 0.72; 0.61-0.85). Additional adjustments were made for lifestyle factors
and psychosocial factors (intentional exercise, diet, smoking status, smoking pack years,
alcohol, perceived discrimination, chronic stress, social support ), and clinical risk factors
(body mass index, total cholesterol, HDL cholesterol, triglycerides, statin medication use,
systolic blood pressure, diastolic blood pressure, hypertension medication use, treated
diabetes, fasting glucose). These adjustsments led to smaller further attenuation of mortality
hazard ratios comparing Black relative to White participants, and resulted in a slightly less
inverse association for Chinese and Hispanic participants compared to White participants.

Adjustment for immigrant history (US Born, immigrant =30 Years, immigrant <30 Years)
reduced the protective associations observed for Chinese and Hispanic participants. In the
final model, Hispanic participants (HR 0.77; 0.63— 0.94) were at significantly lower adjusted
risk for mortality relative to White participants, but mortality risk in Black participants

(HR 1.08; 0.92- 1.26) and Chinese participants (HR 0.81; 0.60-1.08] were not statistically
different from those of White participants. In secondary analyses, there were no substantial
differences when accounting for birth cohort effects or adjusting for field center.
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Similar patterns were seen for CVD mortality, although the age and sex adjusted HR for
CVD mortality for Black compared to White participants was greater than for all-cause
mortality (HR 1.72; 1.34-2.21 compared with HR 1.34; 1.19-1.51), although confidence
intervals overlapped, and no inverse association was seen for Chinese participants. Notably
SES adjustment reduced the HR observed for Black compared with White participants,
although point estimates still suggested higher risk in Black participants (HR 1.37 ClI
1.02-1.84) which was still statistically significant (Table 3). In the final model, there were
no statistically significant differences in CVD mortality in Black, Hispanic or Chinese
participants compared to White participants; however, point estimates suggested lower
risks in Black and Hispanic compared to White participants and higher risks in Chinese
participants, but confidence intervals were wide.

Based on a restricted mean survival time model controlling for age and sex, over the course
of 15 years Chinese participants would survive an estimated 80 days longer on average

than White participants, while Black participants would survive 160 days less, and Hispanic
participants 51 days less.

Multiple traditional and non-traditional risk factors were independently associated with
mortality in the combined cohort, including greater age, male sex, lower household income,
less education, no health insurance, lower intentional exercise levels, former smoking,
current smoking, greater smoking pack-years, greater chronic stress/burden, and higher
systolic BP, triglycerides, and fasting glucose. Current alcohol use, statin medication use,
greater total cholesterol levels, greater diastolic BP, higher body mass index and living in the
US for < 30 years were each inversely associated with total mortality (Supplemental Table
1). These results were similar with CVD mortality as the outcome, although there were
fewer statistically significant associations (Supplemental Table 2).

Discussion:

One of the primary goals of MESA is to ascertain racial/ethnic differences in the incidence
of clinical events, including all-cause and CVVD mortality. MESA is a unique, ongoing
longitudinal US cohort study which includes self-identified Black, Hispanic, White, and
Chinese participants with extensive measured information about many mortality risk factors,
including detailed SES, lifestyle and psychosocial measures, in addition to traditional
clinical risk factors. The current analysis demonstrates marked racial/ethnic disparities in
all-cause mortality among MESA participants over ~15 years of follow-up. The highest
all-cause mortality rate was in Black participants and the lowest in Chinese participants.
SES factors and access to healthcare, including neighborhood SES, income, education,
and health insurance status differed among the four groups and were each independent
predictors of mortality. We observed a heterogeneous pattern across the three non-White
racial/ethnic groups. Black participants had elevated risk of all-cause mortality that was
reduced, but remained elevated, after adjustment for SES (HR 1.16; 1.01-1.34], and was
further reduced after additional adjustment for risk factors. In contrast, Hispanic and
Chinese participants had lower risk of all-cause mortality after adjustment for SES, that
persisted after additional adjustment for risk factors. Further adjustment for immigration
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history reduced the protective associations observed for Chinese and Hispanic participants,
and the HR for Chinese was no longer statistically significant.

We also assessed disparities in CVD mortality, which largely mirrored all-cause mortality,
except that somewhat stronger associations were observed for Black participants, both
before and after adjustment for SES, and generally weaker protective effects were observed
for Hispanic and Chinese participants. However, estimates of associations were imprecise
and limited by a smaller number of CVD than all-cause mortality events. CVD mortality
accounted for nearly one quarter of the total deaths and cancer for 30%. The higher
proportion of cancer deaths is likely related to the fact that all participants were free of
known clinical CVD at baseline, which was a selection criterion to enroll in MESA.

The highest risk for mortality was clearly seen in Black participants in MESA. Our
analyses suggest that this increased risk for early mortality is largely due to socioeconomic
factors and a high prevalence of lifestyle, psychosocial and clinical risk factors. These
factors are likely the consequences of structural inequities linked to racism and social
inequality that operate over the lifecourse and across generations.19 Although other studies
have demonstrated higher mortality and CVD mortality in Black compared to White
individuals,* 38: 39 few have incorporated the broad range of factors available in MESA.
The proportions of deaths attributed to CVD and to cancer were both higher in Black than
White participants in MESA, suggesting that CVD and cancer mortality contribute to this
mortality disparity.

We found that Hispanic participants had a high prevalence of clinical risk factors that are, at
least partially, influenced by lifestyle, especially diabetes, elevated BMI, and dyslipidemia.
However, after adjustment for SES, Hispanic participants were at lower risk for mortality
than White participants. This Hispanic “health paradox” has been described previously, but
the contributing factors are not well understood.® The inverse association was reduced after
adjustment for immigration history, suggesting that foreign birth and less time living in

the US may be linked to lower risks. This may be due to migrants being more healthy at
baseline, and/or less acculturation to the American lifestyle.14 40-45 Hispanic Americans
represent a heterogenous group of individuals with significant within group variation due
to differing countries of origin, time living in the US and cultural influences.*6:> We were
unable to further stratify the Hispanic MESA participants due to limitations in subgroup
sample sizes.

Chinese participants had the greatest longevity and lowest prevalence of most risk factors.
This pattern persisted after adjustment for SES and other health-related factors. Chinese
participants in MESA were least likely to have been born in the US (only 10%). Most

had resided in the US for < 30 years at the baseline MESA exam. As in the case of

Hispanic participants, adjustment for immigration history reduced the protective associations
of Chinese race/ethnicity with all-cause mortality, suggesting that acculturation and or
healthy migrant effects may play a significant role. It is important to note that recruitment

in MESA included only Asians of Chinese descent. Americans of East Asian descent,

such as Chinese Americans, have been shown in other studies to have a low prevalence of
adverse clinical risk factors, especially poor diet, obesity, and low risk for adverse health
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outcomes, including mortality.2 In contrast, South Asian Americans have a high prevalence
of metabolic abnormalities and an increased risk for CVD.4’

There are some limitations to this study. The MESA sample was not specifically designed
to be representative of the entire US population. MESA participants were selected to be free
of clinical cardiovascular diseases at baseline, and therefore represent a healthier selected
sample. This may be especially important in groups that have earlier or more prevalent
clinical cardiovascular disease. Potential differential participation by racial/ethnic groups
could have introduced selection factors that could have impacted the associations that

we observed. In addition, the sample size for Chinese participants was smaller than the
other three racial/ethnic groups. MESA did not adjudicate causes of death for non-CVVD
underlying causes of death, but death certificate data are likely accurate enough to compare
the broad groups examined here. We also did not include measures of health care received,
thus the impact of health care access or bias within the health care system was not assessed.

Our study has many strengths. Recruitment was community based with multiple detailed
phenotypic assessments covering various domains of potential risk, acquired in a highly
standardized fashion. Assessment of CVVD mortality was adjudicated by a physician
committee, rather than relying on administrative data from billing codes or death certificates.
We adjusted for a variety of factors in a sequential fashion, to describe the impact of each
set of covariates on the hazard ratio point estimates and included time-updated variables
during the follow-up period. We did not do a formal mediation analysis, instead we see

the adjustment factors as confounders. The use of mortality as an outcome, with systematic
ascertainment, minimizes potential biases that can occur from differential loss to follow-up
by race-ethnicity that may occur when studying non-fatal events. Our study is unique in
that it includes Chinese and Hispanic American, in addition to Black and White, MESA
participants.

We conceptualized race/ethnicity as a social, rather than a biologic, construct. Hence we
did not adjust for or attempt to estimate associations with genetic ancestry. Our analyses
illustrate the significantly higher risk for all-cause and cardiovascular disease mortality
experienced by Black people in the United States. Our results also suggest that this risk

is at least partly due to SES and other lifestyle, psychosocial, and clinical risk factors.
Given the strong potential for residual confounding by unmeasured or imperfectly measured
social factors (including the many manifestations of social inequality and racism within and
outside the health care system), the few racial/ethnic associations that remained statistically
significant after multivariable adjustment should not be attributed to biologic differences
between the groups.® Our results illustrating the contributions of SES and other risk

factors to Black -White mortality differences highlight the need to identify and act on the
ways in which systematic factors, including racism and inequality, structure opportunities
and exposures in ways that affect risk of all-cause and cardiovascular death, operating
through individual experiences, social contexts, and historical processes. Our findings for
Hispanic and Chinese participants also highlight the need to better understand the impact
of immigration and acculturation on mortality risk, as well as the conditions under which
immigrant health can be maximized.
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In summary our results highlight heterogeneity across racial/ethnic groups in mortality and
the contributions of various sets of factors to these differences. The results of this study lend
further support to the need to identify and act on the underlying societal drivers of these
persistent differences, including structural factors linked to inequality, racism and history in
order to improve population health.48: 49
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Clinical Perspective
What is new?

. We found marked racial/ethnic disparities in all-cause mortality among
MESA participants over ~15 years of follow-up.

. The highest all-cause mortality rate was in Black participants and the lowest
in Chinese participants.

. SES factors and access to healthcare, including neighborhood SES, income,
education, and health insurance status differed among the four groups and
were each independent predictors of mortality.

What are the clinical implications?

. The results of this study lend further support to the need to identify and act
on the underlying societal drivers of these persistent differences in order to
improve population health.

. These differences include structural factors linked to inequality, racism and
history.
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Kaplan- Meier Plots for all-cause mortality (unadjusted)

Circulation. Author manuscript; available in PMC 2023 July 19.



Post et al. Page 17

CVD Mortality

Strata = Black == Chinese == Hispanic = White

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

1.0
>
% 0.9-
N |
o
o
©
=
> 0.8
= |
(%)
0.7 1
0 5 10 15
Time
Number at risk
©  Blackq 1885 1771 1566 1291
@ Chinese{ 803 778 727 626
5 Hispanic{ 1491 1412 1262 1036
O White 26'15 2524 23|08 19|65
0 5 10 15
Time
Figure 2.

Kaplan- Meier Plots for cardiovascular mortality (unadjusted)
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Baseline characteristics of Multi-Ethnic Study of Atherosclerosis (MESA) participants, 2000-2002

Race/Ethnicity (n; %) White (2622; Chinese (804; Black (1892; Hispanic (1496; Total (n=6814)
38.5%) 11.8%) 27.8%) 22.0%)
Age (years) 62.6 (10.2) 62.3 (10.3) 62.1(10.1) 61.3 (10.3) 62.2 (10.2)
Sex (% male) 48.1 48.5 44.5 48.2 47.2
Neighborhood SES Score * -0.90 (1.49) -0.44 (1.13) 0.09 (1.02) 0.43 (1.09) -0.29 (1.36)
Education Level (highest degree) %
No Degree 3.4 9.8 8.3 14.8 8.1
High School/Associates Degree 46.8 51.2 57.3 75.3 56.7
Bachelor’s Degree 22.2 22.6 17.2 55 17.2
Graduate Degree 27.3 16.2 16.4 4.3 18.0
Income Level %
< $25,000 26.7 21.9 32.2 32.7 315
$25,000 to $49,000 26.7 21.9 322 32.7 28.9
$50,000 to $99,000 32.8 18.5 28.9 154 26.1
> $100,000 24.3 10.0 8.3 24 135
Health Insurance Status %
No Health Insurance 2.7 19.2 6.2 18.0 9.0
Government Health Insurance only 14.4 29.5 18.7 23.7 19.4
Private Health Insurance 80.9 48.4 731 55.7 69.3
Intentional exercise (MET-min/week) 1687 (2301) 1148 (1518) 1712 (2785) 1336 (2110) 1553 (2340)
Diet (% poor) 63.1 30.8 62.6 66.9 59.8
Smoking Status %
Current 115 5.6 18.0 13.6 13.1
Former 44.2 19.0 36.8 325 36.6

Pack Years (among smokers)

27.0 (6.6-38.0)

20.0 (4.0- 27.0)

22.0 (6.9 -30.0)

16.9 (3.0- 23.9)

15.6 (5.5-32.0)

Alcohol (% drinker)

Current 7.7 31.2 49.2 47.2 55.3
Former 19.0 15.0 33.7 26.9 24.3
Perceived Discrimination 0.57 (0.89) 0.30 (0.69) 1.22 (1.32) 0.67 (1.02) 0.74 (1.08)
Social Support Index 24.1(5.2) 23.8 (5.0) 24.3 (5.2) 24.2 (5.6) 24.2 (5.3)
Chronic Stress (Burden) 1.23 (1.18) 0.79 (1.07) 1.36 (1.25) 1.25 (1.20) 1.22 (1.21)
LDL Cholesterol 117.1 (30.1) 115.1 (28.9) 116.5 (33.0) 119.5 (32.9) 117.2 (31.5)
HDL Cholesterol 52.2 (15.7) 495 (12.7) 52.4 (15.3) 47.6 (13.1) 51.0 (14.8)
Total Cholesterol 195.7 (35.1) 192.6 (31.8) 189.6 (36.3) 197.9 (37.5) 194.2 (35.7)
Triglycerides 132.9 (90.2) 142.7 (84.7) 104.8 (68.6) 157.1 (101.1) 131.6 (88.8)
Statin medications (%) 16.6 12.8 15.4 12.0 14.9
Systolic blood pressure (mmHg) 123.5(20.4) 124.6 (21.6) 131.7 (21.6) 126.7 (21.9) 126.6 (21.5)
Diastolic blood pressure (mmHg) 70.2 (10.0) 72.0 (10.3) 74.5(10.2) 71.6 (10.1) 71.9 (10.3)
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Race/Ethnicity (n; %) White (2622; Chinese (804; Black (1892; Hispanic (1496; Total (n=6814)
38.5%) 11.8%) 27.8%) 22.0%)

Hypertension Medication (%) 33.1 28.7 50.3 32.6 37.2
Diabetes

Diabetes Medication (%) 43 10.2 14.3 145 10.0

Fasting Glucose (mg/dL) 91.4 (21.6) 99.0 (28.2) 100.0 (32.0) 103.6 (39.1) 97.4(30.3)
Body mass index (kg/m?) 28.3(5.5) 24.0 (3.3) 30.2 (5.9) 29.4(5.1) 28.3(5.5)
US Born 2441 (93.1) 82 (10.2) 1699 (89.8) 578 (38.6) 4800 (70.4)
Immigrant to US =30 years ago 148 (5.6) 146 (18.2) 122 (6.4) 502 (33.6) 918 (13.5)
Immigrant to US< 30 years ago 33(1.3) 576 (71.6) 71 (3.8) 416 (27.8) 1096 (16.1)

Categorical variables shown as %, and continuous variables as mean (SD) or median (interquartile range);

*
Higher values for neighborhood SES score indicate lower SES.
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All-cause and cardiovascular mortality during follow-up, stratified by race/ethnicity
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Race/Ethnicity White (2622; Chinese (804; Black (1892; Hispanic (1496; Total (n=6814)
38.5%) 11.8%) 27.8%) 22.0%)

All-cause mortality; n (%) 612 (23.3) 145 (18.0%) 499 (26.4) 296 (19.8) 1552 (22.8)

All-cause death rates ™ 15.8 12.1 19.0 14.0 15.8

Age at death (mean years) ** 81.2 80.9 78.1 78.6 79.7

Cardiovascular mortality; n (%) 123 (4.7) 40 (5.0) 127 (6.7) 74 (4.9) 364 (5.3)

Cardiovascular death rates ™ 3.2 34 4.8 35 3.7

CVD proportion of mortality 20.1% 27.6% 25.4% 25.0% 23.5%

*
per 1000 person-years at risk;

Aok

Among participants who died during follow-up. CVVD= cardiovascular.
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Table 3:

Hazard Ratio for all-cause and cardiovascular mortality during follow-up by race/ethnicity

Hazard Ratio (95% Confidence Interval)

All-Cause Mortality

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Race/Ethnicity

+ Demographics

+ Socio-economic
Status (SES)

+ Lifestyle and
Psychosocial Factors

+ Clinical Risk
Factors

+ Immigrant history

White (Reference)

Chinese

0.79 [0.66, 0.95]

0.62 [0.50; 0.76]

0.66 [0.53; 0.83]

0.60 [0.48; 0.75]

0.81 [0.60; 1.08]

Black

1.34[1.19, 1.51]

1.16 [1.01; 1.34]

1.07 [0.91; 1.24]

1.08 [0.92; 1.26]

1.08 [0.92; 1.26]

Hispanic

0.99 [0.86, 1.14]

0.72 [0.61; 0.85]

0.74 [0.62; 0.89]

0.71 [0.59; 0.84]

0.77 [0.63; 0.94]

Cardiovascular Disease Mortality

White (Reference)

Chinese

1.09 [0.76; 1.55]

0.95 [0.63; 1.42]

1.03 [0.67; 1.58]

1.06 [0.68; 1.65]

1.41[0.80; 2.47]

Black

1.72 [1.34; 2.21]

1.37 [1.02; 1.84]

1.06 [0.76; 1.47]

0.95 [0.68; 1.34]

0.95 [0.68; 1.34]

Hispanic

1.24[0.93; 1.66]

0.97 [0.69; 1.36]

0.92 [0.64; 1.31]

0.82 [0.57; 1.18]

0.84 [0.56; 1.26]

Cox Proportional Hazards Model with time-varying covariates. p<0.05 in bold.

Demographics: age, sex.

Socio-economic status: neighborhood SES score, education, income, health insurance.

Lifestyle and psychosocial factors: intentional exercise, diet, smoking status, smoking pack years, alcohol, social support index, lifetime perceived

discrimination, lifetime chronic stress (burden)

Clinical Risk Factors: Body mass index, total cholesterol, HDL cholesterol, triglycerides, statin medication use, systolic blood pressure, diastolic
blood pressure, hypertension medication use, treated diabetes, fasting glucose.

Immigrant history: US Born, Immigrant 230 Years, Immigrant <30 Years
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All-cause Death Rates per 1000 Person-years at Risk, stratified by age decade, sex and race/ethnicity

Table 4.

Men Women
Age Group at Baseline
White | Chinese | Black | Hispanic White | Chinese | Black | Hispanic

45-55 years 2.8 3.4 9.0 4.6 2.1 2.2 5.3 2.2
55-65 years 11.0 7.3 12.4 13.1 6.7 3.8 10.4 5.6
65-75 years 25.9 176 305 26.3 174 13.1 16.2 14.5
75-85 years 59.7 40.5 79.2 51.7 459 43.8 58.7 40.3
Overall 18.8 133 235 17.6 13.2 11.1 15.5 10.7

Circulation. Author manuscript; available in PMC 2023 July 19.

Page 22



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Post et al.

Table 5.

Page 23

Cardiovascular Death Rates per 1000 Person-years at Risk, stratified by age decade, sex and race/ethnicity

Men Women
Age Group at Baseline
White | Chinese | Black | Hispanic White | Chinese | Black | Hispanic

45-55 years 0.6 0.0 1.4 1.2 0.3 0.6 0.9 0.0
55-65 years 17 24 4.3 2.7 0.7 0.6 2.7 0.6
65-75 years 5.1 7.3 7.0 6.5 3.6 11 4.5 3.0
75-85 years 13.6 8.1 255 15.7 10.7 18.0 12.4 14.2
Overall 3.8 3.8 6.3 4.5 2.6 2.9 3.7 2.6
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