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Abstract

Background—Asian Americans are a rapidly growing racial/ethnic group in the United States.
Our current understanding of Asian-American cardiovascular disease mortality patterns is
distorted by the aggregation of distinct subgroups.

Objectives—To examine heart disease and stroke mortality rates in Asian-American subgroups
to determine racial/ethnic differences in cardiovascular disease mortality within the United States.

Methods—We examined heart disease and stroke mortality rates for the 6 largest Asian-
American subgroups (Asian Indian, Chinese, Filipino, Japanese, Korean, and Vietnamese) from
2003-2010. U.S. death records were used to identify race/ethnicity and cause of death by ICD-10
coding. Using both U.S. Census and death record data, standardized mortality ratios (SMR),
relative SMRs (rSMR), and proportional mortality ratios (PMR) were calculated for each sex and
ethnic group relative to Non-Hispanic Whites (NHW).

Results—10,442,034 death records were examined. While NHW men and women had the
highest overall mortality rates, Asian Indian men and women and Filipino men had greater
proportionate mortality burden from ischemic heart disease. The proportionate mortality burden of
hypertensive heart disease and cerebrovascular disease, especially hemorrhagic stroke, was higher
in every Asian-American subgroup compared to NHWs.

Conclusions—The heterogeneity in cardiovascular disease mortality patterns among diverse
Asian-American subgroups calls attention to the need for more research to help direct more
specific treatment and prevention efforts, in particular with hypertension and stroke, to reduce
health disparities for this growing population.
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Introduction

Methods

Asian Americans are the fastest growing racial/ethnic group in the United States, with a
population of more than 18 million that is projected to reach nearly 34 million by 2050 (1,2).
The 6 largest Asian-American subgroups in the U.S. are Asian Indians, Chinese, Filipinos,
Japanese, Koreans, and Vietnamese; these 6 subgroups make up 84% of the Asians in the
U.S., based on 2010 Census data (3). Asian Americans have seen a 46% growth in
population from 2000 to 2010, more than any other major race group (3). It is estimated that
the majority of future growth in the Asian-American population (94%) will come from
immigrants who arrived after 2005 and their descendants (4). While in 2005 most Asians
living in the U.S. were foreign-born (58%), by 2050 these individuals will account for less
than half (47%) of the Asian-American population in the country (4). Current understanding
of Asian-American cardiovascular disease (C\VVD) mortality patterns is distorted by the
underrepresentation and aggregation of Asian Americans in epidemiologic surveys, which
masks the heterogeneity of CVD and survival among diverse Asian-American subgroups (5-
7.

While the U.S. Census first started disaggregating Asian subgroups in 1980, explicit
disaggregation of Asian subgroups on national death records did not occur until 2003. As of
2010, 34 of the 50 U.S. States have mortality data explicitly disaggregated by the 6 largest
Asian subgroups (8-10). Previous mortality data from the State of California and New York
City have demonstrated Asian Indians and Filipinos having higher ischemic heart disease
mortality, while Chinese and Japanese having higher stroke mortality compared to non-
Hispanic Whites (NHW) (11-14).

There is currently a knowledge gap on the cardiovascular health of these rapidly expanding
populations with little evidence to create public health policy, to offer appropriate clinical
guidelines, and to recommend research agendas. In this study, we examined heart disease
and stroke mortality rates in Asian-American subgroups to determine racial/ethnic
differences in CVD mortality within the United States.

We examined CVD mortality rates from 2003-2010, assessing the Multiple Cause of Death
mortality database from the National Center for Health Statistics (NCHS) by Asian
subgroup (Asian Indian, Chinese, Filipino, Japanese, Korean, or Vietnamese) in the 34 states
that as of 2010 had adopted the 2003 revision of the U.S. Standard Certificate of Death.
Prior to the 2003 standard, reporting of Asian races on death certificates took a fill-in-the-
blank approach, whereas the 2003 standard provides a specific check box for each Asian
subgroup. While all states reported Asian subgroups to varying degrees across the time
studied, we believe that states who adopted the 2003 standard had increased accuracy for
subgroup reporting. The states included: Arkansas, California, Connecticut, Delaware,
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Florida, Georgia, Hawaii, Idaho, Illinois, Indiana, Kansas, Maine, Michigan, Minnesota,
Montana, Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New York, North
Dakota, Ohio, Oklahoma, Oregon, Rhode Island, South Carolina, South Dakota, Texas,
Utah, Vermont, Washington, Wisconsin, Wyoming, and the District of Columbia. Mortality
data for the NHW population came from the same 34 states. The primary cause of death was
identified on mortality records using International Classification of Diseases, 10th revision
(ICD-10), focusing on cardiovascular (100-109, 111, 113, 120-151.9, 160-169) diseases (15).
The underlying cause listed on the death certificate was utilized as the primary cause of
death. No other cardiac diseases if listed as sequential conditions were used in the analysis.
Race/ethnicity was recorded on death certificates by the funeral director or medical
examiner; questions regarding race and ethnicity on the 2003 U.S. Standard Certificate of
Death match those on the 2010 U.S. Census form. We selected only the Asian subgroups
represented explicitly on both the 2003 U.S. Standard Certificate of Death and 2010 U.S.
Census form. We derived population data for the years 2003-2010 using linear interpolation
from the 2000 and 2010 U.S. Census. We calculated average age-standardized heart disease
and stroke mortality rates per 100,000 population per year using direct standardization to the
NHW population in 2007. We calculated mortality rates for all heart disease as per NCHS
classification (“Diseases of Heart”) and also broken down by specific etiology (ischemic,
hypertensive, rheumatic, and heart failure) (16). Similarly, we examined mortality rates from
all cause cerebrovascular disease, as well as for ischemic and hemorrhagic stroke separately.

We calculated standardized mortality ratios (SMR), relative SMRs (rSMR), and proportional
mortality ratios (PMR) for each sex and ethnic group relative to NHWs (definitions and
interpretation in Table 1). We calculated SMRs as the age-standardized, sex-specific death
rate from the primary cause of death in each subgroup divided by the expected sex-specific
death rate, which was the comparable rate for the NHW population. Our approach is a useful
modification of the standard approach to SMRs, where the observed mortality of the Asian
subgroup would be divided by the expected mortality for the NHW population. Here, we
divide the expected mortality for Asian subgroup by the expected mortality for NHW.
Intuitively, our approach and the standard approach should yield similar results, and
divergences between the 2 approaches were minimal, based on our results. The rSMR is
calculated by dividing the cause-specific SMR by the all-cause SMR, and it expresses the
cause-specific mortality experience of a population relative to its overall mortality
experience. The PMR is calculated by taking the proportion of observed deaths from a
specified cause in each Asian subgroup divided by the proportion of deaths observed in the
referent population (NHW). PMRs are unadjusted risk ratios and serve as an unstandardized
measure of relative overall disease burden. They estimate the relative importance of a
specific cause, such as ischemic heart disease, as a cause of death in Asian-American
subpopulations. All other quantities being equal, a member of a subgroup with a PMR of 2
is twice as likely to die of a particular cause of death as a member of the referent group.
Unlike SMRs and rSMRs which require population data in the denominator, PMRs rely
exclusively on a single data source (death records). All deaths were available for analysis (a
full population), so results are presented descriptively, and no statistical inferences (e.g.,
confidence intervals, p-values) are presented. To aid in visualization and interpretation of
results, Loess smoothing curves were created for PMR data by cause of death to help
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differentiate the relationships between PMR and age for each racial/ethnic group (17). Loess
curves were created for ages 45 years and older for improved accuracy given the overall low
number of cardiovascular disease deaths in those <45 years old.

Results

Heart Disease

We examined 10,442,034 U.S. death records from 2003-2010. The number of observed
deaths, age-standardized mortality rates, and PMRs for all heart disease and heart disease
subtypes (ischemic, hypertensive, heart failure) are presented by racial/ethnic group and sex
in Table 2. The total number of deaths and average mortality rates for all heart disease and
heart disease types were highest among NHW men and women. Proportionate mortality
burden due to ischemic disease, as reflected by PMRs, were highest in Asian Indian men
(1.43) and women (1.12), followed by Filipino men (1.15). The majority of men and women
from other Asian subgroups had less proportionate mortality (lower PMRs) from ischemic
disease compared with NHW men (1.08) and women (0.92), respectively. Every Asian
subgroup except for the Vietnamese population had greater proportionate mortality from
hypertensive disease compared with NHW women (1.10) and men (0.90), especially
Chinese (1.69), Filipino (1.50), and Asian Indian (1.46) women and Filipino (1.38), Chinese
(1.27), and Asian Indian (1.18) men. Conversely, every Asian subgroup had lower mortality
rates and proportionate mortality from heart failure when listed as the primary cause of
death compared with NHWs. When examined over time (2003—-2010), the standardized
mortality rate from all heart disease decreased each subsequent year for NHW women and
men. For Asian American subgroups however, the slope of decline across the same
timeframe was less, and in the case of Asian Indian women and men was inverted, with
higher standardized mortality rates from all heart disease in 2010 compared to 2003 (Figure
1). Additional data including SMRs and rSMRs for all heart disease and specific etiologies
(including rheumatic heart disease) as well as stroke (ischemic and hemorrhagic) are
provided in the Online Supplement, Tables 1,2.

The Central Illustration shows Loess smoothing curves representing PMRs by age (45 years
and older) and ethnicity for all heart disease. As seen in the figure, Asian Indians had PMRs
consistently higher than NHWs at any age. Filipino men had higher PMRs when younger
(45-65 years) which then approximated NHW men with increasing age. The remaining
Asian subgroups had PMRs similar to or below NHWs at all ages. Loess curves by heart
disease etiology (ischemic, hypertensive, rheumatic heart disease and heart failure) as well
as stroke type (ischemic, hemorrhagic) are also provided in the supplemental appendix
(Online Supplement Figures 1,2).

Cerebrovascular Disease

Similar to heart disease, the highest number of deaths from cerebrovascular disease was
observed in NHW women (356,142) and men (225,562), as described in Table 3. However,
when examining age-adjusted mortality rates, there was more heterogeneity seen. Among all
cerebrovascular disease, while NHW women (55.26 per 100,000 population) had the highest
age-standardized mortality rates, in men Filipinos (65.33), Japanese (56.57), and Vietnamese
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(51.93) had higher mortality rates compared to NHWSs (50.30). When broken down by
stroke type, NHW women (32.71) and men (32.92) had the highest mortality rates for
ischemic stroke. For hemorrhagic stroke, both men and women from every Asian subgroup
except Asian Indians had higher mortality rates and greater proportionate mortality than
NHWSs. The Central Illlustration represents PMR curves for all cerebrovascular disease,
which in contrast to heart disease, were higher in every Asian subgroup and at any age
compared with NHWs. As seen in the figure, the PMR curves were highest around ages 45—
65 in all Asian-American subgroups for both women and men before tapering slightly with
increasing age. The Vietnamese and Filipino populations had the highest Loess curves and
the greatest proportionate mortality burden from cerebrovascular disease.

Sensitivity Analyses

To address any potential geographic or population bias, we conducted sensitivity analyses
examining cardiovascular disease mortality rates and calculated mortality ratios for NHWs
from all 50 states, in addition to the 34 states where Asian-American subgroup data has been
made available. We found no systemic or substantive differences in mortality rates or
calculated SMRs, rSMRs, or PMRs for Asian-American subgroups using either 34- or 50-
state data. In addition, we determined mortality rates and ratios for non-Hispanic Blacks and
Hispanics over the same timeframe (2003-2010) in the 50-state data. These data are
available for review and comparison in the Online Supplement, Tables 3,4,5.

Discussion

The major findings of this study demonstrate differences in CVD mortality seen among
Asian-American subgroups with varying degrees of proportionate mortality burden. The
higher proportionate mortality from hypertensive disease and hemorrhagic stroke among
every Asian-American subgroup should prompt the need to further evaluate and address
hypertension treatment and control in Asian-American populations. To our knowledge, this
is the first study that has characterized CVVD mortality using U.S. death certificate data from
multiple Asian-American populations.

Heart Disease

Despite increasing diversity within the U.S., most of the knowledge available on CVD
mortality is derived from NHW populations. Until recently, Asians/Pacific Islanders had
been aggregated in census and mortality data, making it difficult to calculate accurate
mortality rates for Asian-American subgroups. Previous studies using data from specific
Asian-American subgroups are consistent with our results. Chinese and Japanese immigrants
have been shown to have lower CVD mortality rates than NHWSs (11-14,18). The Ni-Hon-
San Study compared CVD rates and risk factors in Japanese men living in Japan, Hawaii,
and California (19). Coronary heart disease mortality rates in Hawaii were intermediate
between rates in Japan and California, illustrating the effects of immigration and
acculturation on CVD risk (20). When comparing U.S. mortality rates in Asian-American
subgroups to mortality data from each country of origin (India, China, Philippines, Japan,
Vietnam, and Korea) as collected and reported by the World Health Organization, CVD
mortality rates were in general much higher among Asian Americans (21, 22).
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The higher PMRs for ischemic disease seen in the Asian Indian population are consistent
with previously collected data demonstrating higher prevalence rates for this group (23).
Coronary heart disease in Asian Indians has been well-documented in both native and
immigrant populations (24-27). Mortality data from California has established coronary
heart disease as the leading cause of death in Asian Indians, especially at younger ages for
men (11). Several theories have been proposed to explain the higher prevalence of ischemic
disease in Asian Indians including diabetes, prothrombotic factors, and abnormal
lipoproteins (28-30). Data from the INTERHEART registry suggest that Asian Indians have
a greater burden of traditional cardiovascular risk factors, particularly at a younger age (31).
Acute coronary syndrome and overall cardiovascular mortality occur approximately 7-11
years earlier, with increased severity in Asian Indians compared with other ethnic groups
(31, 32). Data from this analysis confirm the prematurity of death from ischemic disease in
Asian Indians living in the U.S. As demonstrated by the Loess curves (Central Illustration,
Asian Indians had the highest PMRs for all heart disease compared to other Asian-American
subgroups and NHWs. In stark contrast to other racial/ethnic groups, heart disease mortality
rates in Asian Indians were higher in 2010 than in 2003, providing an important target for
public health efforts. The higher proportionate mortality for ischemic disease observed
among Filipino men has not been previously reported, and also warrants further attention.

There was greater proportionate mortality from hypertensive disease in every Asian-
American subgroup. Previous research has demonstrated higher hypertension prevalence in
the Filipino, Japanese, and Vietnamese populations, but not in other Asian-American
subgroups (33,34). Further research is needed to better understand whether this reflects
actual differences in pathophysiology, treatment, or control of hypertension among Asian
Americans, or could be related to coding differences on death certificates. Regardless, these
data present an opportunity at both the individual patient and population levels for
improving awareness, treatment, and control of hypertension in Asian Americans.

Cerebrovascular Disease

Proportionate mortality from cerebrovascular disease was higher in every Asian-American
subgroup compared to NHWSs. Previous evidence has shown increased stroke rates among
the Filipino, Japanese, and Asian Indian immigrant populations in both the United States and
United Kingdom (19,35). Klatsky et al. reported that Filipinos, Chinese, and Japanese were
more likely to have hemorrhagic stroke or subarachnoid hemorrhage compared to NHWs
(36). Traditional risk factors for stroke such as hypertension, diabetes, and dyslipidemia vary
in prevalence among Asian subgroups, and suggest multiple pathways that increase risk for
stroke and mortality based on ethnicity. For example, hypertension appears to correlate more
closely with hemorrhagic stroke risk in the Filipino population while diabetes and
dyslipidemia may play more of a role among Asian Indians (35,36). Although there is
uniformly higher proportionate mortality from stroke for all Asian American subgroups
compared to NHWSs, the known ethnic differences in cardiovascular risk factors may warrant
unique and targeted approaches for prevention and management. Future studies should
include socioeconomic and geographic data, which will help to elucidate mechanisms
leading to cerebrovascular disease in Asian Americans. Previous studies have shown a
decrease in stroke prevalence with increased duration of residence in the United States for
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Japanese and Chinese immigrants (12,37). It is unknown whether Asian Americans
experience higher stroke mortality within the “stroke belt” (southeastern U.S.) compared
with other regions, as has been demonstrated in African Americans and NHWs (38). As seen
in the Loess curves (Central Illustration), every Asian subgroup had higher PMRs for
cerebrovascular disease compared with NHWs, particularly the Filipino and Vietnamese
populations.

Limitations of our study include data based on national death certificates, which may
contain errors in the documented cause of death. The challenge of determining whether the
underlying cause of death was cardiovascular and to further distinguish among the different
categories of cardiovascular disease must be acknowledged. The diagnosis of heart failure,
for example, can be a consequence of either ischemic or hypertensive heart disease or both,
and therefore must be interpreted with caution when listed on the death certificate as the
underlying cause of death. Census and mortality data may have been subject to
misclassification of ethnicity, which may have affected death rates (39,40). An NCHS study
found that misreporting of Asian-American race/ethnicity leads to an underreporting of
Asian-American death rates by approximately 11% (41). The U.S. Census race/ethnicity
reporting, however, is based on the gold standard of self-report. The correlation between
rSMRs (which use mortality data in the numerator and census data in the denominator) and
PMRs (which use mortality data in both numerator and denominator) in this population-
based analysis indicates reproducibility in estimates derived separately from census and
mortality data. Another limitation is the incomplete adoption of the 2003 revision of the U.S.
Standard Certificate of Death that reports Asian- American subgroup race/ethnicity.
Although only 34 states had implemented the 2003 revision at the time of this analysis, the
geographic distribution is widespread. Additionally, based on 2010 U.S. Census data, 84%
of the Asian-American population resides within the 34 states that were analyzed. We could
not account for potential confounders of mortality, such as socioeconomic status, education,
nativity (foreign versus U.S. born), level of acculturation, or area of residence (beyond the
state level) given the use of death certificate data. However, county-level data will soon be
available making it possible to examine socioeconomic and geographic disparities among
Asian-American subgroups that also may contribute to the heterogeneity seen in CVD
mortality rates. Finally, we could not examine CVVD mortality rates for other Asian-
American subgroups that were not represented on the U.S. death certificate, which per 2010
Census data, accounts for approximately 16% of the Asian-American population.

Conclusion

In the United States, the proportion of the population accounted for by Asian-American
subgroups is significant and increasing. Despite seeing yearly improvements in CVD
mortality rates among NHWSs, Asian-American subgroups have not attained similar rates of
improvement, suggesting that the messages on prevention and management of CVD are not
effectively reaching this population. Declines in CVD mortality during the last decade were
not proportionately enjoyed by all racial/ethnic subgroups. The lack of national mortality
statistics for CVD among Asian Americans has made it difficult to recommend research
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agendas, to create public health policy, and to offer appropriate clinical guidelines. Using
disaggregated mortality data, this analysis demonstrates differences in CVD mortality
among diverse Asian-American subgroups. These findings stress the importance of
increasing efforts in prevention, health education, and community outreach to help target the
highest risk groups. Community health programs such as PRANA (Prevention and
Awareness for South Asians) and Project AsPire (Asian American Partnership in Research
and Endowment) are helping to raise awareness of cardiovascular health disparities among
Asian-American subgroups (42,43). Public health initiatives that are culturally-competent
and increase awareness and screening for traditional cardiovascular risk factors may help
lower the burden of CVVD mortality within Asian American communities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PERSPECTIVES
Competency in Medical Knowledge

Aggregation of Asian Americans in epidemiologic studies masks the heterogeneity of
cardiovascular disease among diverse subgroups, yet when compared to non-Hispanic
whites, Asian Indians and Filipinos exhibit proportionately greater mortality from
ischemic heart disease and Asian Americans generally face proportionately greater
mortality related to hypertensive heart disease and cerebrovascular disease.

Competency in Patient Care

Physicians should incorporate culturally-competent approaches to management of Asian
American patients to lower their cardiovascular risk.

Translational Outlook

Additional studies are needed to elucidate the mechanisms responsible for the disparities
in cardiovascular disease outcomes among rapidly enlarging subgroups of Asian
Americans seeking those most amenable to interventions that reduce risk.
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Figure 1. Standardized Mortality Rates for All Cardiovascular Disease by Asian-American
Subgroups by Year (2003-2010)
Age-adjusted mortality rates due to all cardiovascular disease per year from 2003-2010 for

Asian American subgroups compared to non-Hispanic Whites.
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Central Illustration. Proportional Mortality Ratios by Age for Cardiovascular Disease &
Cerebrovascular Disease Mortality (2003-2010)*

Left Panel: Cardiovascular Disease Mortality
Proportional mortality ratios from ages 45 and older for all cardiovascular disease stratified
by Asian American subgroups and sex compared to non-Hispanic Whites.

Right Panel: Cerebrovascular Disease Mortality

Proportional mortality ratios from ages 45 and older for all cerebrovascular disease stratified
by Asian American subgroups and sex compared to non-Hispanic Whites.

*Loess smoothing curves represent PMRs by age (45 and older) and ethnicity for all
cardiovascular and cerebrovascular disease.
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Table 1

Metrics to compare Cardiovascular Disease Mortality

Page 14

Metric

Definition

Interpretation if rate
is>1

Calculation

SMR (Standardized
Mortality Ratio)

The relative rate
of death due to
CVD between

*
group” and
A
reference

Group is more likely to
die of CVD than
reference

Standardized Death Rate Group
Standardized Death Rate Reference

rSMR (Relative SMR)

The relative rate
of death due to
CVD over all
cause

CVD (compared to
other causes) has a
higher rate of death in
group than reference

CVD SMR Group/All Cause SMR Group
CVD SMR Ref/All Cause SMR Ref

PMR (Proportionate
Mortality Ratio)

Ratio of percent
cause of death
due to CVD
between group
and reference

CVD accounts for a

larger percentage of

deaths in group than
reference

#CVD Deaths Group/#Total Death Group

#CVD Deaths Ref/#Total Death Ref

*
group = specified Asian American subgroup by sex;

N
reference = all Non-Hispanic Whites
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