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Abstract

BACKGROUND—NOo studies have comprehensively examined the prevalence of dyslipidemia, a
major risk factor for cardiovascular disease, among diverse racial/ethnic minority groups. The
primary aim of this study was to identify racial/ethnic differences in dyslipidemia among
minorities including Asian Americans (Asian Indian, Chinese, Filipino, Japanese, Korean or
Vietnamese), Mexican Americans, and African Americans compared to Non-Hispanic Whites
(NHWs).

METHODS AND RESULTS—Using a three-year cross-section (2008-2011), we identified
169,430 active primary care patients (35 years or older) from an outpatient health care
organization in Northern California. Age-standardized prevalence rates were calculated for three
dyslipidemia subtypes: high TG (fasting lab =150 mg/dL), low HDL-C (fasting lab <40 [men] and
<50 [women] mg/dL), and high LDL-C (fasting lab =130 mg/dL or taking LDL-lowering agents).
Odds ratios were calculated using multivariable logistic regression, adjusting for patient
characteristics (age, measured BMI, smoking). Compared to NHWSs, every minority subgroup had
increased prevalence of high TGs, except African Americans. Most minority groups had increased
prevalence of low HDL-C, except for Japanese and African Americans. The prevalence of high
LDL-C was increased among Asian Indians, Filipinos, Japanese, and Vietnamese, compared to
NHWs.

CONCLUSIONS—Minority groups, except for African Americans, were more likely to have
high TG/low HDL-C dyslipidemia. Further research is needed to determine how racial/ethnic
differences in dyslipidemia affect racial/ethnic differences in cardiovascular disease rates.
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BACKGROUND

Racial/ethnic minority groups now make up 36% of the US population, and are expected to
reach 53% by 2050.1:2 The two most rapidly growing racial/ethnic minority groups are
Hispanic/Latino and Asian Americans (Asian Indian, Chinese, Filipino, Japanese, Korean,
Vietnamese), which are expected to double in size by 2050 to 110 million and 30 million
respectively.1=2 A growing body of evidence indicates variation in cardiovascular disease
(CVD)burden among racial/ethnic subgroups, with African Americans,3# Asian Indians®-6
and Filipinos®8 having higher coronary heart disease (CHD) burden compared to other
subgroups and Non-Hispanic Whites (NHWSs). Filipinos,® Hispanics/Latinos,3 78 and
African Americans3# also have a higher burden of stroke, compared to NHWs.

More than one out of every three adults in the U.S. has dyslipidemia,® one of the major risk
factors for CVD.10 The National Health and Examination Survey (NHANES) is the primary
data source for national prevalence rates of dyslipidemia in the U.S., with accurate sampling
data for African Americans and Mexican Americans.!1 The NHANES data show higher
prevalence rates of low high-density lipoprotein cholesterol (HDL-C) and high triglycerides
(TG)for Mexican Americans.3 Although lower prevalence rates of low HDL-C and high TG
are seen for Black/African Americans, this does not appear to be protective from CVD.3
NHANES does not currently include data specifically for Asian Americans2 and sample
sizes are too small to examine specific Asian or Hispanic/Latino subgroups.11

Previous research examining the prevalence of dyslipidemia subtypes for racial/ethnic
minorities has focused on the African and Mexican American population, with limited
information on Asian subgroups.13-21 The majority of studies for Asians have been
conducted in their country of origin with Asian Indians and Filipinos having a higher
prevalence of low HDL-C and of high TG,13-16 which has been suggested as a partial
explanation for their increased CHD risk.>6 Chinese have lower levels of low-density
lipoprotein cholesterol (LDL-C) and TG16-18 and Japanese have higher levels of HDL-C16
compared to NHWSs, which may help explain the lower risk of CHD in these Asian
subgroups. The American Heart Association,?2 the US Department of Health and Human
Services,23 and the Institute of Medicine24 have all acknowledged that national vital
statistics data for racial/ethnic minority populations must be supplemented with population-
based, local-level data in order to inform and guide the development, implementation, and
evaluation of programs to address health disparities. Despite known heterogeneity in CVD
risk among racial/ethnic subgroups, no studies have comprehensively examined the
prevalence of dyslipidemia subtypes and treatment across the major racial/ethnic groups in
the US. The primary aim of this study was to identify racial/ethnic differences in
dyslipidemias in order to guide prevention, detection, and treatment efforts.

METHODS

Setting

This study was conducted in a mixed-payer, outpatient health care organization serving
approximately 800,000 active patients in northern California, which has been using the Epic
Care electronic health record (EHR) system since 2000. This health care organization is
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unique among large clinical data resources because more than 30% of the overall patient
population self-identifies as Asian American. The demographic characteristics of the
patients are generally similar to those of residents in the surrounding service area (Alameda,
San Mateo, and Santa Clara counties). The patient population is insured (58% preferred
provider organization (PPO), 23% health maintenance organization (HMO), 16% Medicare,
2% self-pay, and 1% Medicaid), and thus under represents the medically underserved.
However, in this setting access to care is unlikely to confound subgroup comparisons.

Study Design

A three-year, cross-sectional sample of patients was identified and included patients age 35
years or older with at least one primary care visit occurring between June 1, 2008 to May 31,
2011. Patient race and ethnicity was identified, either by self-report2>(67%) or name
analysis6(33%), as Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, Black/
African American, Hispanic/Latino, or Non-Hispanic White. Patients identified as Hispanic/
Latino and who further self-classified as Mexican were included in the analysis while other
Hispanic subgroups were not due to small sample sizes (N<1000). Using diagnosis codes
from problem lists and encounters listed in the EHR, we excluded patients who were
pregnant or had any previous history of cancer, end stage kidney disease or dialysis, or
active liver disease (except for fatty liver). All datasets analyzed by the research team were
de-identified according to the Health Insurance Portability and Accountability Act (HIPAA)
standard; the organization’s Institutional Review Board approved the study.

Clinical Definitions

Data on patient demographics, anthropometric measures, physician diagnoses, laboratory
results and prescription medications were extracted from the EHR. Three dyslipidemia
subtypes were identified based on fasting laboratory results for each individual found during
the study period: high TG (=150 mg/dL), low HDL-C (<40 [men] and <50 [women] mg/dL),
and high LDL-C (=130 mg/dL or ever taking LDL-lowering agents). LDL-lowering
agents(LLAs) including statins, bile acid resins, cholesterol absorption inhibitors and
combinations) accounted for 78% of all lipid-modifying agents (LMAS) prescribed. LLA
use was included in the definition of high LDL-C to avoid missing treated patients with
controlled LDL-C after initial analyses indicated that using only laboratory data produced
prevalence rates below those found in national data?’, and that treatment rates differed by
subgroup. Treatment with other LMAs (fibric acid derivatives, niacin, and omega 3 fish
oil)was not included in the definition of high LDL-C, low HDL-C, or high TG, as they are
not specific to one dyslipidemia subtype, 19 which could lead to misclassification. The
following patient characteristics were identified: self-reported race/ethnicity, age in 2008,
primary insurance (PPO, HMO, and other), and self-reported smoking status (ever or never).
Weight and height data recorded in the EHR were used to calculate body mass index (BMI)
in kg/m2 and categorized as follows: underweight: <18.5, normal weight: =18.5 and <25,
overweight: =25 and <30, and obese: =30). The prevalence of CVD was identified using
physician recorded ICD-9 diagnosis codes (CHD 410-414, stroke 430-434, and peripheral
vascular disease (PVD) 415, 440.2, 440.3, 443.9, 451, 453) during the study period. Type 2
diabetes was identified using ICD-9 codes (250.X0, 250.X2) or two abnormal glucose
measurements according to American Diabetes Association guidelines (hemoglobin Alc
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results>6.5%, fasting blood glucose results >126 mg/dL, random blood glucose >200
mg/dL, or oral glucose tolerance test >200 mg/dL)?® or use of any anti-diabetic medications.

Statistical Methods

For our primary race/ethnic subgroup comparisons we calculated age-adjusted prevalence
rates of dyslipidemia subtypes (high LDL-C, low HDL-C, and high TG) among men and
women using direct standardization to the NHW population. Broad age categories (35-44,
45-54, 55-64, 65-74, 75+ (years) were used to achieve stratum-specific rates for direct
standardization. Categorical variables (Table 1) were compared using pairwise chi-square
tests, and non-parametric Wilcoxon tests were used to compare ages and lipid results
between racial/ethnic groups that did not follow a normal distribution. Odds ratios were
calculated using multivariable logistic regression adjusting for patient age, BMI, and
smoking status. In secondary analyses we examined prevalence rates stratifying patients
with and without a history of vascular disease. We also conducted additional analyses
adjusting the model for prevalent type 2 diabetes or treatment with any LMAS. Results are
presented by sex across all racial/ethnic minority groups, and all comparisons are to NHWs.
Using logistic regression models with the product terms, we tested whether race/ethnicity is
a significant effect modifier of the association between dyslipidemia subtypes and CVD
after adjusting for common CVD risk factors. Because of the multiple comparisons included
in this descriptive study, 99.9% confidence intervals are reported when appropriate.
Statistical analyses were performed using SAS 9.3 (Cary, NC).

RESULTS

169,430 patients were included in the analysis with patient characteristics reported in Table
1. Mexicans and every Asian subgroup except for Japanese were younger than NHWSs. With
the exception of Filipino women, all Asian subgroups had significantly lower mean BMI
compared to NHW, whereas Mexicans and Black/Africans had higher mean BMI. Filipino,
Korean, Vietnamese, and Black/African men were more likely to have ever smoked, and all
Asian and Mexican women were less likely to have ever smoked, compared to NHW. Three
Asian subgroups (Asian Indians, Filipinos, and Japanese) as well as Mexicans and Black/
Africans had higher rates of type 2 diabetes compared to NHWs.

Age-adjusted prevalence rates of dyslipidemia subtypes and LDL-lowering treatment across
racial/ethnic subgroups are described in Table 2. Filipino and Mexican women had the
highest prevalence rates of both high LDL-C and high TG. With regards to low HDL-C,
Asian Indian (54.9%)and Mexican (50.9%) women in particular stood out, having over
twice the prevalence of Japanese women(23.7%). While Mexican women (45.4%) and
nearly every Asian subgroup (except Korean women) had increased prevalence of high TG
compared to NHW women (27.6%), Black/African women (18.2%) had the lowest
prevalence. Treatment rates with LLAs were highest among Filipino, Mexican, and Black/
African women, and lowest in Chinese women.

The prevalence rates for all three dyslipidemia subtypes were generally higher for men
compared to women. Filipino (73.1%), and Vietnamese (71.3%) men had the highest rates
of high LDL-C, whereas Chinese men (55.3%) had the lowest rates. Asian Indian (52.7%)
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and Mexican (47.8%) men had the highest prevalence rates of low HDL-C whereas Japanese
men (26.3%) had lowest. Similar to women, every Asian subgroup and Mexican men had
increased prevalence rates of hypertriglyceridemia compared to NHW men, while Black/
African men (29.5%) had the lowest. Also similar to women, Chinese men had the lowest
treatment rates with LDL-lowering medication.

Adjusted odds ratios by race/ethnicity and sex were estimated from the multivariable logistic
regression models as described previously and reported for each dyslipidemia subtype
(Figure 1). Older (age >55 years) and overweight women were more likely to have
combined dyslipidemias. Having ever smoked was associated with increased odds of having
high LDL-C and high TG. After adjustment for patient characteristics, racial/ethnic
differences among women were more pronounced for high LDL-C and low HDL-C,
primarily because Asian women were younger and had lower rates of smoking and obesity.
Asian Indian, Filipino and Vietnamese women had higher risk of possessing all three
dyslipidemia subtypes. Mexican women and every female Asian subgroup (except Japanese
women) had increased risk of having a combined dyslipidemia characterized by high TG
and low HDL-C.

Similar to women, overweight men or men who had ever smoked had higher odds of having
multiple dyslipidemia subtypes. For men, older age (>55 years) and HMO insurance (versus
PPO insurance) were significantly associated with greater odds of high LDL-C.
Multivariable adjustment did not attenuate racial/ethnic differences in dyslipidemia for men.
Odds ratios for each dyslipidemia subtype were generally similar for men compared to
women; however, racial/ethnic differences for low HDL-C were smaller. Asian Indian men
had higher odds of possessing all three dyslipidemia subtypes, compared to NHWSs. Every
Asian subgroup and Mexican men had increased risk for high TG while Black/African men
had lower risk compared to NHWs.

Table 3 and Figure 2 summarize racial/ethnic differences in dyslipidemia prevalence in
patients with and without a history of CVD. The overall prevalence of CVVD within the
cohort was approximately 5%. The low number of patients with CVD made it difficult to
compare dyslipidemia profiles among race/ethnic groups in those with CVD due to wide
confidence intervals; only slight attenuation in prevalence odds ratios was seen in those
without a history of CVD compared to the original cohort. Despite the low overall
prevalence of CVD, some significant racial/ethnic differences in dyslipidemia profiles were
still seen among these patients. Asian Indian men continued to have higher odds of having
all three dyslipidemia subtypes, and were the only group male or female to have increased
odds of high LDL-C compared to NHW men. Asian Indian women and men as well as
Chinese women had greater odds of having low HDL-C compared to NHW women and
men. Finally, Chinese and Filipino men and women, Japanese women, and Asian Indian
men had greater odds of having high TG compared to NHWSs, while African American
women were the only group to have significantly lower odds of high TG. We tested for
formal interaction between each dyslipidemia subtype and race/ethnicity on prevalent CVD
and found no significant interaction (p values of the product terms in the model are 0.11,
0.18 and 0.36 for high LDL-C, low HDL-C and high TG, respectively).
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We conducted additional analyses (see supplemental appendix) to examine prevalence odds
ratios for dyslipidemia subtypes after adjusting the multivariable model for: 1)prevalent type
2 diabetes and 2) treatment with lipid modifying (LMAs) and LDL-lowering (LLAS) agents
(supplemental figure 1 and 2). Type 2 diabetes was positively associated with all three
dyslipidemia subtypes with only slight attenuation of the observed racial/ethnic differences.
Similarly, adjusting for treatment status with any lipid lowering medication did not
significantly change observed racial/ethnic differences in either low HDL-C or high TG.
However, there were notable differences in the prevalence odd ratios for high LDL-C by
race/ethnicity. Finally, we also examined the prevalence of isolated HDL-C, and in men
only found significantly higher prevalence odds ratios for Asian Indians (OR 1.72, Cl 1.50-
1.98) compared with NHWSs (Figure 3 of supplemental appendix). For women, higher
prevalence odds ratios for isolated HDL-C were found for Asian Indians, Chinese, and
Vietnamese as well as Mexicans and Black/African-American women.

DISCUSSION

To our knowledge, this is the first study to examine dyslipidemia prevalence across all major
racial/ethnic subgroups in the United States. Our findings indicate that there are marked
differences in the prevalence of dyslipidemia subtypes among racial/ethnic subgroups. Most
of the minority racial/ethnic subgroups studied, particularly women, had increased
prevalence of low HDL-C and elevated TG. Chinese men had lower odds of having high
LDL-C, Japanese men had lower odds of having low HDL-C, and Black/African Americans
had lower odds of having either low HDL-C or high TG. Asian Indian, Filipino and
Vietnamese women and Asian Indian men stood out as the groups with the highest risk for
possessing all three dyslipidemia subtypes as compared to NHWSs.

Our results are similar to previous studies of dyslipidemia among minority groups, which
have shown lower prevalence rates for any dyslipidemia subtype in Black/African
Americans32? and higher rates of low HDL-C and high TG in Mexican Americans.321 Our
analysis showed increased prevalence of dyslipidemia subtypes among Mexican Americans
compared to national data, likely due to the inclusion of LDL-lowering medications in our
definition of high LDL-C as well as the older age of our patient cohort (inclusion criteria
was 35 years and older compared to 20 years in NHANES).

Few studies have examined the prevalence of dyslipidemia subtypes among Asian American
subgroups, with most of those focusing on only one subgroup. Previous studies have found
dyslipidemia patterns similar to ours: lower levels of LDL-C for Chinese,16:18 Jow HDL-C
for Asian Indians,16:19 and higher levels of HDL-C for Japanese.1 A large international
meta-analysis conducted by Huxley et al. demonstrated a higher prevalence of isolated low
HDL-C in Asians, which was associated with increased risk of coronary heart disease when
compared to non-Asians.13 The global case-control INTERHEART study found that there
was a higher proportion of Asian cases and controls with LDL-C levels <100 mg/dI
compared to non-Asians.16

Our cross-sectional analysis found an increased prevalence of high LDL-C for Asian
Indians, Filipinos and Vietnamese, and an increased prevalence of high TG for all Asian
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American subgroups. These findings reflect important and clinically relevant differences in
diet and physical activity for Asians living in the U.S. as a result of immigration and
acculturation.3? The Ni-Hon-San study in Japanese demonstrated the effects of immigration
and acculturation, finding that CHD and stroke mortality rates in Hawaii were intermediate
between higher rates of stroke in Japan and higher rates of CHD in California.3! The Ni-
Hon-San study highlights the importance of studying Asian Americans specifically, since
risk factor and disease prevalence may differ from those in the native Asian populations.
When compared with international data these findings demonstrate that triglyceride levels
are more sensitive and susceptible to environmental influences associated with immigration
and acculturation (i.e. changes in diet, decreased physical activity, weight gain) than HDL-
C. Chandalia et al. found that HDL-C levels were uniformly lower in Asian Indian women
living in both the U.S. and India, but TG levels were higher only for those living in the
U.S.19 Our research is congruent with previous evidence32 on the relative genetic and
environmental contributions to triglyceride and HDL-C levels, and extends this observation
to immigrant Asian populations in the U.S. Better understanding of these contributions may
provide better insight in how to direct and improve prevention efforts in minority groups.

The variation in dyslipidemia prevalence among minority groups appears to correlate with
the rates of CHD. Among Asian Americans, Asian Indians and Filipinos have consistently
been shown to have increased risk for CHD® with higher mortality rates than other racial/
ethnic groups in the U.S.3334 In contrast, CHD incidence and mortality rates are lower for
Chinese and Japanese,3%:36 which may be explained in part by the protective effects of
having low LDL-C and high HDL-C in these subgroups.16 Similar to Asian Americans,
Mexican Americans who exhibit combined dyslipidemia, particularly the atherogenic high
TG/low HDL profile, appear to have increased CHD risk. The Hispanic Community Health
Study/Study of Latinos found increased CHD risk (self-reported) among Hispanic/Latino
participants with hypercholesterolemia.2! The INTERHEART study also found abnormal
lipids to be strongly associated with increased risk of acute myocardial infarction in subjects
from Latin America.3” However, for African Americans who have relatively benign
dyslipidemia patterns (low LDL-C, high HDL-C, low TGs), higher prevalence rates of
hypertension, diabetes, and obesity may play a greater role in explaining CHD risk.3:21
Rates of hypertension for African Americans are almost twice as high, compared to
NHWSs,38 and blood pressure was shown to be more predictive of CHD in African American
women than NHW women. 39

LDL-C has been the primary target of CVD prevention and treatment with statins being the
most widely prescribed cholesterol-lowering medications in the U.S.10:40 The national
prevalence of lipid-lowering medication for all adults is 15.5% (2007-2010 NHANES),%’
which is slightly lower than we found, most likely due to the older age of our cohort.
Contrary to national findings, however, treatment rates were higher for the majority of
minority groups, which may be a reflection of increased access to care for this insured
population. The higher prevalence of elevated LDL-C seen among Asian Indians, Filipinos
and Vietnamese may be an especially important target for CVD prevention in Asian
Americans.
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Asian and Mexican Americans, but not African Americans appear to possess the high
TG/low HDL-C dyslipidemia pattern, which has been characterized as atherogenic and
associated with insulin resistance/metabolic syndrome.#142 There is currently a lack of
specific treatment options for low HDL-C and elevated TG due to a lack of efficacy data.
Lipid medications that specifically target TGs and HDL-C, such as fibrates and niacin, have
demonstrated a reduction of CVD events in some trials but not in many others.43-47
Guidelines for dyslipidemia management and treatment have largely been derived from
clinical trials comprised of mostly NHW populations, which have often under-represented
minority groups. Future clinical trials should include minority subgroups to further examine
the potential benefits of HDL-C and TG treatment for these groups specifically.

Study limitations include using data from a single geographic area (Northern California)
with smaller sample sizes in the African American, Mexican, Korean and Vietnamese
populations. However, this region has the most diversity in minority subgroups in the U.S.
The study population is also insured and under-representative of the medically underserved,
but these geographic and socioeconomic limitations also minimize unmeasured confounding
between subgroups. Because clinical and administrative records rarely include any
socioeconomic data on the individual level, this relative homogeneity in economic status
improves the internal validity of our comparisons. We adjusted the significance level to
p<0.001 to account for multiple comparisons. We were not able to include lifestyle
information, such as physical activity or dietary habits for comparison between minority
groups. As a cross-sectional analysis, we were unable to examine the temporal relationships
between dyslipidemias and development of comorbidities such as cardiovascular disease.
Finally, we could not account for patients who during the study period may have been
started on LLAs for reasons other than high LDL (CVD, stroke, peripheral vascular disease,
etc.), which may have overestimated prevalence rates. Our findings regarding high LDL-C
must be interpreted with caution due to the inclusion of LLAs in our definition of the high
LDL-C subtype. When stratified by treatment (supplemental figure 2), there are differences
in the prevalence odds ratios by race/ethnicity for having high LDL-C lab test that are
difficult to explain given our cross-sectional design. Unlike LDL-C, the racial/ethnic
differences in prevalence odds ratios for having low HDL-C or high TG are consistent with
and without medication adjustment, and therefore may offer unique opportunities for
improving prevention efforts and further research in minority populations.

CONCLUSION

Most minority subgroups have higher prevalence rates of dyslipidemia than do NHWs.
Asian Indian, Filipino, Viethamese women, and Asian Indian men stood out as Asian
subgroups with increased risk of having combined dyslipidemias (high LDL-C, low HDL-C,
and high TG). While variation was seen among minority groups for the high LDL-C and low
HDL-C dyslipidemia subtypes, every minority group except African Americans had high
triglycerides when compared to NHWSs. Further research is needed to determine the role of
dyslipidemia subtypes and other risk factors in explaining the higher risk of CVD for Asian
Indians, Filipinos, Hispanics, and Black/African Americans. Additionally, clinical trials
should recruit and include participants belonging to minority subgroups in order to increase
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our understanding of dyslipidemia in CVD risk, as well as treatment goals and medication
efficacy for these groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Prevalence Odds Ratios for Racial/Ethnic Differences in Dyslipidemia Subtypes

(N=169,430)
LDL-C=low-density lipoprotein cholesterol; HDL-C=high-density lipoprotein cholesterol;
TG=triglycerides; Multivariable-adjusted model included age, body-mass index (BMI),
primary insurance, and smoking status. The square indicates the point estimate and the bar
represents the 99.9% CI. Filled squares indicate statistical significance compared with Non-
Hispanic Whites at p<0.001.
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