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Coronary Heart Disease Mortality for Six Ethnic Groups in California,

1990-2000

LATHA PALANIAPPAN, MD, MS, YUN WANG, MS, AND STEPHEN P. FORTMANN, MD

PURPOSE: To investigate ethnic variations in coronary heart disease death in California, the authors
examined total and CHD-specific mortality among non-Hispanic white (white), Hispanic, non-Hispanic
black (black), Chinese, Japanese, and Asian Indian Americans. Deaths were identified in the California
Mortality Database and population information was derived from the 1990 and 2000 censuses.

METHODS: Age-standardized death rates per 100,000 population were calculated for ages 25 to 84 years
from 1990 to 2000. Proportional mortality ratios (PMRs) for each sex and age group were calculated by
dividing the proportion of deaths due to CHD in each ethnic group by the proportion of deaths due to CHD

in the total population.

RESULTS: Blacks had the highest all-cause age-standardized death rates among men (1614) and women
(1014). Blacks had the highest CHD death rates among men (272) and women (190). PMRs for CHD were
highest in Asian Indian men (161) and women (144), reflective of the higher percentage of CHD deaths
compared with all cause deaths in this group. All sex-ethnic groups showed a decline in all cause and CHD
mortality compared with the period between 1985 and 1990, except Asian Indian women, who experienced
a 16% increase in all cause mortality and 5% increase in CHD mortality.

CONCLUSIONS: There is considerable heterogeneity in CHD mortality among ethnic subgroups, and
additional research is needed to guide treatment and prevention efforts. Blacks and Asian Indians in
California are identified as particularly high risk populations.
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INTRODUCTION

Ethnic diversity in the US is rapidly increasing, and
information about differing cardiovascular disease risks
among different subgroups is sparse. In the 2000 census,
ethnic minorities made up 30% of the total US population
(http://www.census.gov, 2000 #97). California is one of the
most ethnically diverse states in the US. The proportion of
Californians classified as non-Hispanic white decreased
from 72% in 1980 to 53% in 2000. In turn, the proportion of
all ethnic minorities has risen, and the average age of ethnic
minority populations has increased over time.

Despite this increasing diversity, most of the knowledge
available on cardiovascular disease death rates and risk
factors is derived from non-Hispanic white populations.
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Limited information is available concerning the mortality
from CHD among Asian Pacific Islander subgroups. Until
1985, Asian Pacific Islanders were aggregated in census and
mortality data, making it difficult to calculate accurate
mortality rates for Asian Pacific Islander subgroups. Chinese
migrants in New York City have lower cardiovascular mor-
tality rates than whites (1). Studies of Japanese immigrants
also reveal lower rates of CHD death compared with whites
(2). Asian Indians have higher rates of CHD mortality
when compared with white populations in England (3) and
Canada (4). In the US, the proportion of the population
accounted for by these non-white ethnic groups is significant
and increasing. An understanding of cardiovascular disease
patterns among these ethnic minorities in the US would
be of great value in directing public health and clinical
efforts.

The primary objective of this study is to examine the
ethnic differences in coronary heart disease mortality among
non-Hispanic white (white), Hispanic, non-Hispanic black
(black), Chinese, Japanese, and Asian Indian groups in
California from 1990 to 2000, updating and expanding our
earlier study on this issue (5). The secondary objective is to
examine sex and age group specific differences in CHD
mortality among ethnic groups. Our particular focus is on
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the analysis of disaggregated Asian Pacific Islander data,
which prior to 1985 had been grouped in census and
mortality statistics.

METHODS

We used US Census data from 1990 and 2000 and California
mortality data from 1990 to 2000, identifying approximately
1.8 million deaths. Population sizes were calculated by linear
interpolation between data collected in the 1990 and 2000
censuses. Numbers of deaths with CHD as the primary cause
of death were identified using International Classification of
Diseases, 9" revision (ICD-9) classification codes 410 to 414
and 427 and ICD-10 codes 120 to 125.9 and 146 to [46.9 from
California mortality data. Ethnicity data were obtained from
Census data in 1990 and 2000 by self-report. Ethnicity is
recorded on death certificates by the funeral director using
state guidelines. Both census and death certificates ask
a question on Hispanic ethnicity, followed by a question on
white or black race. Thus, Hispanics who have identified
themselves as white or black are classified as Hispanics in our
analysis. Non-Hispanic whites are classified as whites, and
non-Hispanic blacks are classified as blacks. The classifica-
tion of race differs slightly between census and death tapes in
that several small subpopulations (e.g., Bangladeshi, Pak-
istani, and Sri Lankan) are excluded from the group titles
“Asian Indian” on the census but are included in the
“Indian” category on death tapes (which excludes American
Indians).

Analysis

Death rates were calculated by stratifying the population by
sex and age (25-44, 45-64, 65-84, and 25-84 years). Age
standardization to the total California population in 1995
was performed by the direct method using 20-year age groups
within each sex and ethnic group. We also calculated age-
specific death rates for ages 25 to 44, 45 to 64, and 65 to 84

years to detect any important differences not revealed in
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age-standardized data. Rates are expressed per 100,000
population. We compared the various ethnic groups with
the total population as the referent category.

Standardized mortality ratios (SMRs) for each sex and
age group were calculated by expressing as a percentage the
age-standardized death rate from CHD in each ethnic group
divided by the expected death rate. The expected death rate
is the comparable rate for the total population. The relative
SMR is calculated by dividing the CHD SMR by the all-
cause SMR. Relative SMRs express the actual CHD
mortality experience of a population relative to its overall
mortality experience. Proportional mortality ratios (PMRs)
for each sex and age group were calculated by dividing the
proportion of deaths due to CHD in each ethnic group by
the proportion of deaths due to CHD in the total population
and are expressed as a percentage. Calculation of the PMR is
useful in that it does not use census data and it provides an
indication of the relative importance of CHD as a cause of
death in subpopulations.

RESULTS

Population sizes for persons between 25 and 84 years old in
California in 1990 and 2000 and the percentages of each
ethnic subgroup are given in Table 1, with the ethnic groups
listed in order of decreasing population size. The median age
is also listed for 2000 and reflects the fact that the age
structure of the different populations vary greatly, probably
as a result of both different birth rates and differential
immigration. The largest percentage increases in population
from 1990 to 2000 were seen in the Asian Indian group, with
a 100% increase, and the Hispanic and Chinese groups, each
with 28% increases.

Numbers of observed deaths, SMRs, relative SMRs and
PMRs from CHD and all causes are presented in Table 2.
Standardized mortality ratios for CHD were highest among
black men and women but relative SMRs and PMRs were
either lower or only slightly elevated, consistent with the
high SMR for deaths from all causes for this group. Relative

TABLE 1. Population of California aged 25-84 years by sex for total population and six ethnic groups, 1990 and 2000 census data

1990 2000 Median age’
Ethnic group Men Women %* Men Women % Men Women
Total 9,004,684 9,293,248 100 10,237,055 10,593,077 100 32.2 34.4
White 5,686,514 5,931,094 63.5 5,429,820 5,631,178 53.1 39.3 41.4
Hispanic 1,912,701 1,813,802 20.4 2,758,172 2,690,400 26.2 24.1 25.4
African-American 575,718 624,101 6.6 622,035 672,522 6.2 30.9 33.1
Chinese 216,302 234,684 2.5 313,320 356,384 3.2 35.9 375
Japanese 101,435 123,304 1.2 99,783 127,354 1.1 41.7 44.5
Asian Indian 52,004 41,553 0.5 109,471 91,162 1.0 30.6 29.6

*The percent of the total population aged 25-84 comprised by each ethnic group (men and women combined).

Percentages do not add up to exactly 100, due to rounding.
fMedian age calculated using Census 2000 data.
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TABLE 2. Number of observed deaths, death rates, standard-
ized mortality ratio (SMR) for coronary heart disease (CHD)
and all causes of death, and relative standardized mortality ratio
(RSMR) and proportional mortality ratio (PMR) for CHD for
ages 25-84 by sex for total population and six ethnic groups in
California, 1990-2000

RSMR PMR

Observed deaths SMR
CHD All causes CHD All causes CHD CHD

Ethnic group ~ Sex

Total Men 209,977 1,007,419 100 100 100 100

Women 143,508 775,722 100 100 100 100

Non- Men 164,291 731,569 111 107 104 108

Hispanic Women 109,725 581,930 107 109 98 102
White

Hispanic Men 19,326 124,316 67 75 89 75

Women 13,845 80,007 74 70 106 94

Non Men 13,854 88,743 124 156 79 75

Hispanic Women 12,420 67,733 160 155 103 99
Black

Chinese Men 2,874 16,493 48 58 83 84

Women 1,752 11,636 47 56 84 81

Japanese Men 1,700 8,182 60 64 94 100

Women 1,011 6,799 46 59 78 80

Asian Men 925 2,750 92 53 174 161

Indian Women 453 1,702 97 59 164 144

SMRs and PMRs for CHD were highest in Asian Indian men
and women, reflective of the higher percentage of CHD
deaths compared with all cause deaths in this group. The
lowest relative SMRs and PMRs for CHD are found in black
men and Japanese women. The similarity of relative SMRs
and PMRs in this population-based analysis indicates
reproducibility in estimates derived separately from census
and mortality data.

Table 3 shows the all cause and CHD mortality rates from
1985 to 1990 (5) and 1990 to 2000. Blacks have the highest
all-cause age-standardized death rate among both men and
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women. The lowest all-cause death rates by sex are found in
Asian Indian men and Japanese and Chinese women. Blacks
also have the highest CHD death rates among men and
women. The lowest CHD death rates are found in Japanese
and Chinese men and Japanese women.

All cause and CHD mortality (Table 3) decreased for all
sex-ethnic groups except Asian Indian women. All cause
and CHD mortality declined more slowly among women
than men of all ethnic groups. The greatest decline in all
cause and CHD mortality was seen among Chinese men and
women. Among men, the Japanese showed the slowest
decline in all cause and CHD mortality. The only group that
showed increased all cause and CHD mortality was Asian
Indian women.

Figure 1 shows CHD SMRs for men and women by eth-
nicity and age group. Ethnic differences were most marked
in women and younger age groups. In all age-sex groups,
blacks had the highest SMRs for CHD. Figure 2 presents
CHD PMRs for men and women by ethnicity and age group.
Asian Indians had the highest PMRs for CHD in all age-sex
groups, except for the youngest women. Although the
absolute rate for CHD deaths was low in Asian Indians
(Table 2), total mortality was also low. CHD was responsible
for a higher proportion of deaths in Asian Indians than in
other ethnic groups, as reflected in higher PMRs. In most
age-sex groups, the Chinese had both the lowest SMRs and
PMRs.

DISCUSSION

The major findings of this study are that age-standardized
rates for CHD and all cause mortality in California were
highest for blacks in all age-sex groups. CHD death rates in
all Hispanic, Chinese, and Japanese age-sex groups were low

TABLE 3. Percentage change in all-cause and CHD mortality*, 1985-2000

All-cause mortality All cause mortality Percentage CHD Mortality CHD Mortality Percentage

rate 1985-1990 rate 1990-2000 change rate 85-90 rate 90-00 change

Total Men 1200 1024 —15% 280 220 —21%
Women 700 657 —6% 139 119 —14%

Non-Hispanic White Men 1243 1105 —11% 302 244 —19%
Women 726 712 —2% 143 128 —10%

Hispanic Men 856 768 —10% 175 147 —16%
Women 478 460 —4% 97 88 —-9%

Non-Hispanic Black Men 1800 1614 —10% 316 272 —14%
Women 1059 1014 —4% 214 190 —11%

Chinese Men 713 598 —23% 155 105 —32%
Women 446 367 —18% 73 56 —23%

Japanese Men 693 646 —1% 146 132 —10%
Women 420 385 —8% 67 55 —18%

Asian Indian Men 668 551 —18% 258 201 —22%
Women 335 387 16% 110 116 5%

*Age standardized death rates per 100,000 population.
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FIGURE 1. CHD standardized mortality ratios (SMRs) for men (left) and women (right) by age group and ethnicity.

in comparison to those for blacks. A higher proportion of all
deaths in Asian Indians were due to CHD compared with
other ethnic groups. While all other sex-ethnic groups
showed a decline in all cause and CHD mortality, only Asian
Indian women experienced an increase. These findings
underline the importance of CHD as a cause of death for
blacks and Asian Indians and reveal that ethnic differences
tend to be more marked for women and younger age groups.

We found that the overall burden of mortality was about
50% higher in black men and women when compared with
the total population. Greater CHD mortality only accounts
for 10% of this excess in men and 20% of the excess deaths in
women. The excess mortality from all causes for blacks also
reflects higher mortality from cancer (6), infectious diseases
(7), and stroke (8). Specific cancer studies have shown
higher likelihood of prostate cancer mortality among black
men compared with white men (9), and increased breast
cancer mortality in black women (10). Infectious diseases
account for nearly 10% of the excess all cause mortality rates
in blacks compared with whites (7), even after accounting
for income and education levels. Differences in stroke
mortality between blacks and whites are due to differences in
stroke incidence rather than case fatality (11), and only
a portion of the excess stroke mortality observed among

blacks can be explained by the higher prevalence of
hypertension and diabetes in blacks, and by the lower
average socioeconomic status (SES) among blacks (8). Thus,
for every major cause of death there are ethnic disparities
that result in a higher overall mortality burden for blacks.
CHD rates in blacks compared with whites have changed
over time. Studies before 1980 reported that CHD death
rates were lower for black than white men and women (12).
In the 1980s, the decline in CHD mortality was greater for
whites than for blacks (13). In 1989, the age-adjusted death
rate for CHD among black men exceeded that of whites for
the first time (14). Our study revealed the highest CHD
death rates in blacks and other recent studies have reported
similar rates for CHD death in blacks (13, 15). Several
factors have been proposed to explain the increased CHD
mortality for blacks including increased prevalence of risk
factors, differential access to care (16), and lower SES (17).
Cardiovascular disease risk factors known to be more
prevalent in blacks include hypertension (18), diabetes
(19), and subclinical atherosclerosis (20). Access to care is
limited in blacks and may depend upon a number of factors,
among them cultural isolation (21), individual and group
attitudes (22), perception of resource availability (23), and
SES. Some studies have concluded that socioeconomic
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FIGURE 2. CHD proportionate mortality ratios (PMRs) for men (left) and women (right) by age group and ethnicity.

position is the major contributor to differences in death
rates between black and white men, (24) while others find
that at each level of income, blacks still have higher
mortality than whites (25). A combination of these
physiological, psychological, and social risk factors in-
fluence the higher CHD death rates observed in blacks.
Hispanics have lower all cause and cardiovascular
mortality, despite increased diabetes and obesity, lower
SES, and barriers to health care. This comparative health
advantage has been termed the “Hispanic Paradox” (26).
Numerous studies have shown that Hispanics have coronary
heart disease mortality rates equal to or lower than their
non-Hispanic white counterparts (27, 28). Possible under-
reporting of Hispanic deaths due to return migration and
healthy migrant effects may contribute to, but do not
explain, the paradox. The return migration hypothesis has
been examined in US-born Hispanics (who do not engage in
return migration), and they are still noted to have lower
mortality than US-born non-Hispanic whites (29) in some
studies. Other studies have concluded that US-born
Hispanics are at greater risk of all-cause and cardiovascular
mortality than non-Hispanic whites and Mexico-born
Hispanics (30). The alternative hypothesis that selection

of healthier migrants to the United States accounts for the
paradox has also been explored (29). Differences in
mortality rates among Hispanic subgroups indicate varia-
tions by age, gender, acculturation, and country of birth
(31). The reasons for the apparent “Hispanic paradox” are
thus likely to be multi-factorial and social in origin. Our
study confirms lower all cause and CHD death rates for
Hispanics in California. Further research on the possible
protective effects of Hispanic immigrant status and accul-
turation factors to explain this lower mortality is warranted,
but there is no reason for physicians to ignore known CVD
risk factors in Hispanic patients.

Death rates for Chinese migrants to the US do not follow
the usual pattern of migrants (an intermediate position
between rates of European migrants and Chinese in
homeland China). New York Chinese had lower all cause
mortality rates than did either New York whites or Chinese
in China (32). Lower rates of death from CHD compared
with those for people of European origin have been observed
in people of Chinese origin living in the United States (5),
Hong Kong (33), and mainland China (34). Theories
proposed for the lower CHD mortality rates observed in
Chinese Americans include lower cholesterol levels and



504 Palaniappan et al.
CORONARY HEART DISEASE DEATH AND ETHNICITY

a dietary pattern of low saturated fat and cholesterol intake
(34) as well as differences in angiotensin converting enzyme
gentoypes (35). Thus, the lower all cause and CHD morta-
lity in Chinese in California may be explained by favorable
lifestyle and genetic factors, but much more study is needed.

The epidemiology of cardiovascular disease in Japanese
Americans has been extensively studied. The Ni-Hon-San
Study (36), which compared CVD rates and risk factors in
Japanese men living in Japan, Hawaii, and California,
showed that CHD mortality rates in Hawaii were in-
termediate between rates in Japan and California. Japanese
immigrants to Brazil also have lower all cause (37) and
coronary heart disease mortality rates than their Brazilian
counterparts, but higher rates than native Japanese (38).
Cancer is an important cause of death for Japanese in Japan
(39) as well as in immigrant populations (40). The results of
these studies show that immigrant Japanese, although
sharing a common ethnic background, experience different
rates of disease when living in diverse geographic and
cultural areas (2). The much lower CHD mortality in Japan
suggests that there may be strong and important protective
factors that reduce the risk of CHD in Japan (41). Our study
has shown that compared with other ethnic subgroups in
California, all cause and CHD mortality rates are low in
Japanese Americans.

While absolute rates for CHD were only slightly lower
than for the total population, all cause death rates were
much lower for Asian Indians in our study. This results in
a proportionate increase in CHD mortality for the Asian
Indian population, reflected in higher relative SMRs and
PMRs. Previous studies in England (3), Canada (4), and
Singapore (42) have shown high absolute as well as
proportionate death rates for CHD in Asian Indians,
although comparable data for India are not available. There
is considerable heterogeneity within immigrant populations
from the Indian subcontinent, which includes Asian
Indians, Pakistanis, Bangladeshis, and Sri Lankans. Over
90% of the South Asian population in California is Asian
Indian. Studies in England have also shown that SES within
immigrant populations may be an important risk factor (43),
and this may explain some of the differences in absolute
CHD rates between England and the US. Concurrent
prospective mortality data from India, as well as Indian
diaspora populations in different countries, would be helpful
in elucidating mechanisms as to why these rates differ.

Several theories have been proposed to explain higher
CHD death rates in Asian Indians including metabolic
syndrome, diabetes, prothrombotic factors, and abnormal
lipoproteins. The metabolic syndrome, characterized by
central obesity, impaired fasting glucose, high blood
pressure, and a lipid profile of low levels of high-density
lipoprotein and high triglyceride levels has been associated
with higher CHD rates in Asian Indians (44). Studies have
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shown increased prevalence of diabetes (45) and increased
diabetes mortality (4) in Asian Indian populations.
Prothrombogenic risk factors, particularly fibrinogen have
been noted (46) and associated with CHD (47) in Asian
Indians. There are higher mean Lp(a) levels noted in Asian
Indian populations, though the prognostic significance is
uncertain (48). The increasing all cause and CHD mortality
in Asian Indian women noted in this study is especially
concerning, and this group in particular warrants closer
observation and intervention. Cohort studies on CHD in
South Asians are needed and these should be designed so
that data can be combined for future systematic reviews.

A potential limitation of our study is that our analysis was
based on death certificates, which may contain errors in the
documented cause of death. However, we are not aware of
data showing that the rate of such errors varies by ethnic
group, although this is possible. However, such errors are
unlikely to have an important effect where very large
relative differences exist in rates of death from various
diseases. Also, census and mortality data are subject to
misclassification of ethnicity, which results in understated
death rates for certain minority populations (2% for
Hispanics, 11% for Asians) and overstated death rates
for whites (1%) and blacks (5%) (49). The agreement
between relative SMRs (which use census data and
mortality data) and PMRs (which use mortality data only)
indicate that the influence of these coding differences, if
any, is minimal.

A “healthy migrant” effect has been proposed as an
explanation for lower mortality among immigrant groups.
Based on population increases during this 10-year period,
Hispanics, Chinese, and Asian Indians were the major
immigrant groups to California. All of these groups had
lower all cause mortality rates than the total population.
Therefore, relative SMRs and PMRs are important tools for
comparison in these populations as this ratio takes into
account lower all cause mortality. Due to the large degree of
ethnic variation within California, we have used the general
population as a comparison group. Comparison with the
general population blunts ethnic variations in death rates
and SMRs. PMRs are also useful in this case, as it identifies
important causes of death for a particular ethnic group.

The burden of coronary heart disease is rising among
ethnic minority populations in the United States. Ethnic
differences are more prominent in younger age groups,
perhaps an artifact due to healthy survivor effects. Our
knowledge of the epidemiology of CHD is derived prin-
cipally from populations of European origin. There is
considerable heterogeneity in CHD mortality among ethnic
subgroups, and they should be studied and analyzed
separately in the future. Further research is required to
establish the foundation of knowledge required for effective
coronary heart disease prevention in ethnic minority groups.
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