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Abstract
Objective—To explore race-ethnic differences in the relationship between plasma lipid
components and risk of incident myocardial infarction (MI).

Design/Methods—As part of the Northern Manhattan Study, 2738 community residents without
cardiovascular disease were prospectively evaluated. Baseline fasting blood samples were
collected and lipid panel components were analyzed as continuous and categorical variables. Cox
proportional hazard models were used to calculate hazard ratios (HR) and 95% confidence
intervals (CI) for incident MI after adjusting for demographic and cardiovascular risk factors.

Results—The mean age was 68.8±10.4 years; 36.7% men, 19.9% non-Hispanic white, 24.9%
non-Hispanic black, and 52.8% Hispanic (over 80% from the Caribbean). Hispanics had lower
mean HDL-C, and higher TG/HDL-C. During a mean 8.9 years of follow-up there were 163
incident MIs. In the whole cohort all lipid profile components were associated with risk of MI in
the expected directions. However, HDL-C (adjusted HR per 10 mg/dl increase 0.93, 95%CI 0.76–
1.12) and TG/HDL-C>2 (adjusted HR 0.89, 95%CI 0.51–1.55) were not predictive of MI among
Hispanics, but were predictive among non-Hispanic blacks and whites. TG/HDL-C per unit
increase was associated with an 8% higher risk of MI among Hispanics (adjusted HR 1.08, 95%CI
1.04–1.12).

Conclusions—In Hispanics, low HDL-C and TG/HDL-C>2 were not associated with MI risk.
Our data suggests that a different TG/HDL ratio cutoff may be needed among Hispanics to predict
MI risk.

Address for correspondence: Joshua Z Willey 710 West 168th Street New York, NY 10032, Tel: 212 305-1710, Fax: 212 305-1658,
jzw2@columbia.edu.
Disclosures: The authors report no conflicts of interest.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Am Heart J. Author manuscript; available in PMC 2012 May 1.

Published in final edited form as:
Am Heart J. 2011 May ; 161(5): 886–892. doi:10.1016/j.ahj.2011.01.018.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Cardiovascular disease, in particular coronary heart disease (CHD), remains the leading
cause of death in the United States for all race-ethnic groups and both sexes1. Conflicting
results have been noted regarding CHD mortality by race-ethnicity, with some studies
pointing to lower CHD mortality amongst Hispanics despite a higher prevalence of physical
inactivity, obesity, and diabetes leading to the so-called “Hispanic paradox”1,2. Given that
Hispanics are the fastest growing segment of the population, and that risk factors are more
prevalent among Hispanics3, more needs to be understood about possible differential effects
of vascular disease risk factors on CHD.

Low levels of high-density lipoprotein cholesterol (HDL-C)4, and elevated total
cholesterol5, triglycerides (TG)6, non-HDL-C4, and low-density lipoprotein cholesterol
(LDL-C)5 are considered strong independent risk factors for CHD. Ethnic minorities,
particularly Hispanics, have been traditionally underrepresented in lipid clinical trials and
epidemiologic studies. The levels of lipid profile components vary depending on race-
ethnicity, with non-Hispanic blacks having higher average HDL-C levels and lower TG
levels, and Hispanics having lower LDL-C, HDL-C, total cholesterol and higher TG levels
than non-Hispanic whites7. Hispanics are also less likely to be screened for and be aware
that they may have dyslipidemia8. It is not known if lipid panel components differentially
affect Hispanics and non-Hispanic blacks and the relationship between lipids and CHD risk.

The purpose of this study was to prospectively examine race-ethnic differences in the
longitudinal association between lipid profile components and incident myocardial
infarction (MI).

Methods
Recruitment of the Cohort

The Northern Manhattan Study (NOMAS) is a population-based study designed to evaluate
the impact of medical, socio-economic, and other risk factors on the incidence of vascular
disease in a stroke-free multi-ethnic community cohort. Participants were identified by dual-
frame random digit dialing in Northern Manhattan as previously described9, and were
eligible if they met the following criteria: (1) had never been diagnosed with a stroke; (2)
were over the age of 39 years; and (3) resided in Northern Manhattan for ≥3 months in a
household with a telephone. Pre-existing CHD was ascertained via questionnaires capturing
self-reported MI, angina, or prior cardiac revascularization. The study was approved by the
Institutional Review Boards at Columbia University Medical Center (CUMC). All
participants gave informed consent to participate in the study. The study was funded by the
National Institutes of Health (NINDSR37NS29993). The authors are solely responsible for
the design and conduct of this study, all study analyses, the drafting and editing of the paper
and its final contents.

Cohort Evaluation
Data regarding baseline status and risk factors were collected through interviews of
participants by trained bilingual research assistants. Physical examinations, in-person
measurements, and analysis of fasting blood specimens were carried out by study
physicians. Race-ethnicity was determined by self-identification in response to a
questionnaire modeled after the 2000 U.S. census and conformed to the standard definitions
outlined by Directive 1510. The majority of Hispanics in our cohort did not identify with any
particular race after self-identifying as Hispanic, and over 80% originated from the
Caribbean (Dominican Republic and Puerto Rico). Education was classified as completing
high school versus not, and waist circumference was classified as a continuous variable.
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Standardized questions were adapted from the Behavioral Risk Factor Surveillance System
regarding the following conditions: hypertension, diabetes, hypercholesterolemia, cigarette
smoking (classified as former smoker, current smoker, or never smoked), and cardiac
conditions11. Standard techniques were used to measure blood pressure, height, weight, and
fasting glucose and lipid panels as previously described12. Hypertension was defined as
systolic blood pressure ≥140mm Hg or diastolic blood pressure ≥90mm Hg based on the
average of the two blood pressure measurements, a physician diagnosis of hypertension, or a
patient’s self-report of a history of hypertension or anti-hypertensive use. Diabetes mellitus
was defined as fasting blood glucose ≥126mg/dl or the patient’s self-report of such a
history, or insulin or hypoglycemic use.

Plasma lipids and lipoproteins measurement
Fasting blood samples were obtained and lipid profile components were measured as
previously described13. Briefly, total cholesterol (TC) and TG levels were measured using
standard enzymatic procedures in an automated spectrometer (Hitachi 705; Boehringer,
Mannheim, Germany). Plasma HDL-C cholesterol levels were measured after precipitation
of apolipoprotein B containing lipoproteins by phosphotungstic acid. LDL-C concentrations
were calculated by the Friedewald formula14. Non-HDL-C was calculated by subtracting the
HDL-C level from total cholesterol level.

Follow-up and outcome measures
The subjects were followed annually via phone screening to detect any new cardiac
symptoms, as well as to review any interval hospitalizations. In the last 5 years of the study
we have been unable to carry out a follow up visit in only 15 participants (less than 1% of
participants). Any subject who tested positive for the screen was scheduled for an in-person
assessment. Additionally a 10% sample of the cohort was followed annually in-person for 5
years to evaluate for any telephone screen false-negatives; no participants in this sample had
an MI adjudicated based on an in-person assessment. MI was defined by criteria adapted
from the Cardiac Arrhythmia Suppression Trial and the Lipid Research Clinics Coronary
Primary Prevention Trial requiring at least 2 of the 3 following criteria: (a) ischemic cardiac
pain determined to be typical angina; (b) cardiac marker abnormalities defined as abnormal
CK-MB fraction or troponin I values; and/or (c) ischemic EKG abnormalities. The presence
of an MI was adjudicated by cardiologists independently after review of all the clinical data.
(CR, MD, SH).

A total of 3298 participants were recruited between 1993 and 2001. After excluding for a
history of MI (n = 244) and CHD without MI (n = 316), 2738 participants were included in
this analysis.

Statistical Analysis
Baseline characteristics were compared using Analysis of Variance or 2 sided t-tests for
continuous variables, and the χ2 test for proportions. After exploring the distributions of
plasma lipid components and risk factors, risk of MI was estimated for HDL-C, LDL-C, TG,
non-HDL-C, TC, TC/HDL-C, and TG/HDL-C as both categorical and continuous variables.
We used dyslipidemia definitions based on National Cholesterol Education Program Adult
Treatment Panel III guidelines, including an LDL-C >130 mg/dl, TG >200 mg/dl, non-
HDL-C >160 mg/dl, TC >240 mg/dl, and a sex specific low HDL-C (<40 mg/dl for men and
<50 mg/dl for women)15; we used TG/HDL-C ratio >2 16, and the upper quartile of the TC/
HDL-C ratio for categorical analyses. We also fitted a model including HDL-C, LDL-C, and
TG simultaneously to examine independent effect of each component for the risk of MI.
Cox-proportional hazard models were used to calculate hazard ratios (HR) and 95%
confidence intervals (95%CI) for MI using duration of follow up as the time to event
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variable. The parameter estimates were calculated adjusting for demographics (age, sex,
race-ethnicity, and education), vascular risk factors (hypertension, diabetes mellitus, waist
circumference, tobacco use, valvular heart disease, moderate alcohol consumption, and
physical inactivity) and cholesterol lowering medications. We tested for interaction by age,
sex, and race-ethnicity (non-Hispanic black and non-Hispanic white as reference, and with
Hispanic with non-Hispanic white as the reference), and only reported stratified results when
there was a statistically significant interaction term for that lipid profile component (p
<0.05). All statistical analyses were performed with the use of SAS version 9.1 (SAS
Institute, Cary, NC).

Results
Baseline characteristics for the cohort are outlined in table 1. The mean age of the cohort
was 68.8±10.4 years; 36.7% were men. The majority of participants (n=1445, 52.8%) were
Hispanic, with similar proportions of non-Hispanic blacks and whites making up the rest of
the cohort; 45.8% of participants completed high school. There were no significant
differences in the proportion of women in each race-ethnicity category. Overall, Hispanics
and non-Hispanic blacks had a higher burden of CHD risk factors, including hypertension,
diabetes, current smoking, and an increased waist circumference, and were less likely to be
physically active.

Hispanics were more likely to have a low HDL-C than non-Hispanic blacks or whites, while
non-Hispanic whites and Hispanics were more likely to have an elevated LDL-C. Mean
HDL-C for the cohort was 47.2±14.8 mg/dL. The mean HDL-C was highest in non-Hispanic
blacks (52.3mg/dL) and lowest in Hispanics (43.9mg/dL) compared to non-Hispanic whites.
Other lipid profile components are summarized in table 2.

Analysis in the total multi-ethnic cohort
Over a mean follow up of 8.9 years, 163 incident MI’s were detected. In univariate analyses
using categorical (table 3) and continuous definitions (table 4), almost all of the lipid profile
components (total cholesterol, TG, HDL-C, non-HDL-C, TG/HDL-C and TC/HDL-C) were
significantly associated with an increased risk of MI. There was a trend, as well, for LDL-C
>130mg/dl (HR 1.26, 95%CI 0.92–1.73); LDL-C per 10mg/dl increase was associated with
risk of MI (HR 1.06, 95%CI 1.02–1.11).

In fully adjusted multivariable models, all plasma lipid components, including LDL-C > 130
mg/dl, remained significantly associated with risk of MI. Using categorical definitions (table
3), we found the strongest association with MI for non-HDL-C > 160 mg/dl (adjusted HR
2.02, 95% CI 1.44–2.82). Low HDL-C was associated with a 79% (adjusted HR 1.79, 95%
CI 1.25–2.56) greater risk of MI than high HDL-C, while TG/HDL-C > 2 was associated
with an 85% (adjusted HR 1.85, 95% CI 1.25–2.74) higher risk of MI compared to TG/
HDL≤ 2 (table 3). A similar pattern was observed using continuous definitions of all the
same lipid profile components (table 4). Models including HDL-C, LDL-C, and TG
simultaneously showed that LDL-C and HDL-C as both categorical (elevated LDL-C:
adjusted HR 1.50, 95% CI 1.08–2.10; low HDL-C: adjusted HR 1.57, 95% CI 1.09–2.28)
and continuous variables per 10 mg/dl increase (LDL-C: adjusted HR 1.10, 95% CI 1.05–
1.15; HDL-C: adjusted HR 1.19, 95% CI 1.02–1.38) remained independently associated
with risk of MI, whereas TG was not (elevated TG: adjusted HR 1.54, 95% CI 0.97–2.42;
TG per 10 unit increase: adjusted HR 1.02, 95% CI 1.00–1.05). There were no interactions
between lipid profile components with age or sex.
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Analyses by race-ethnicity
There were 58 (10.6%) MI’s in non-Hispanic whites, 33 (4.8%) in non-Hispanic blacks, and
68 (4.7%) in Hispanics and 4 (6.0%) in those with another race-ethnicity. The associations
between MI and lipid profile components in Hispanics were different from that for non-
Hispanic whites. We found an interaction between HDL-C and Hispanic ethnicity (p for
interaction = 0.03), such that HDL-C per 10 mg/dl decrease was independently associated
with an increasing risk of MI in non-Hispanic whites (adjusted HR 1.49, 95% CI 1.18–1.88),
but not among Hispanics (adjusted HR 1.08, 95% CI 0.89–1.31). There was an interaction
between TG/HDL-C > 2 and Hispanic ethnicity (versus non-Hispanic white, p for
interaction = 0.01) such that TG/HDL-C > 2 was associated with higher risk of MI (adjusted
HR 2.79, 95% CI 1.42–5.48) compared to TG/HDL≤ 2 in non-Hispanic whites, but not
among Hispanics (adjusted HR 0.89, 95% CI 0.51–1.55). We did not find an interaction
between race-ethnicity and the other lipid profile components, including TC/HDL-C.

TG/HDL-C as a continuous variable was associated with MI in Hispanics (adjusted HR for
TG/HDL per 1 unit change 1.08, 95 CI 1.04 – 1.12), and the magnitude of association was
similar to that for non-Hispanic whites (adjusted HR for TG/HDL per 1 unit change 1.05,
95% CI 1.01–1.09), whereas TG/HDL-C > 2 was not associated with risk of MI in
Hispanics. The level of TG/HDL-C was greatest in Hispanics (3.9 compared to 3.3 for non-
Hispanic whites and 2.9 for non-Hispanic blacks), and the prevalence of an elevated TG/
HDL-C, defined according to standard criteria as TG/HDL-C > 2, was highest in Hispanics
(75.7 %) compared to non-Hispanic whites (61.2%) or blacks (50.3%). We thus explored
whether an alternative threshold might be more appropriate for Hispanics in our population
by calculating the log HR (y-axis) for 100 different thresholds of TG/HDL-C (x-axis) and
plotting them for Hispanics and non-Hispanic whites (figure). Among Hispanics, the log HR
linearly increased for thresholds between two and six, and that for a TG/HDL-C>4 there was
no longer a negative parameter estimate. In exploratory analyses, when the TG/HDL-C >6
there was a trend toward association with the risk of MI (adjusted HR 1.54, 95% CI 0.95–
2.50), though relatively few Hispanics (n = 201, 14.4%) had a ratio above this threshold.

Discussion
In keeping with prior investigations7, 17, the mean HDL-C was lower and mean TG higher
in our study among Hispanics compared to non-Hispanic blacks or whites. Non-Hispanic
blacks also had a less atherogenic lipid profile than non-Hispanic whites, though we found
that the risk of MI was similar for non-Hispanic whites and non-Hispanic blacks except for
the TG. In our main finding of the TG/HDL-C, non-Hispanic blacks and whites were
similar. Compared to results from the National Health and Nutrition Examination Survey
(NHANES), our sample had a more atherogenic lipid profile as across all race-ethnic
groups1, and in the aged 60–69 and >70 samples18. The mean HDL-C values were lower in
our cohort (50.5mg/dl in women, 41.6mg/dl in men) compared to the NHANES cohort aged
60–69 (58.3mg/dl in women, 46.8mg/dl in men), and over 70 (59.0mg/dl in women,
46.8mg/dl in men), though our LDL-C values were not appreciably different18. Nonetheless,
we found no association between HDL-C and risk of MI among Hispanics, which was also
demonstrated in the San Antonio Heart Study19. In our study HDL-C either as a categorical
or continuous variable was not associated with risk of MI in Hispanics, arguing against an
incorrect threshold. The reasons for the absence of an association are unclear, but may be
related to the fact that Hispanics have lower HDL-C levels.7

Although TG/HDL-C as a continuous variable was associated with risk of MI among
Hispanics, the commonly recommended categorical TG/HDL-C threshold >2 was not. These
exploratory analyses indicated that a TG/HDL-C threshold >2 may be inappropriate for
Hispanics, and a higher threshold may be more clinically useful. Our results regarding the
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TG/HDL-C threshold were exploratory however, and confirmation by others is required. In
other populations the cut-off of 2 in the TG/HDL-C ratio appears to have a more important
deleterious effect on the risk of MI than the HDL-C alone20. TG/HDL-C may be an
indicator of mixed dyslipidemia and more informative than either term alone for predicting
risk of CAD and MI6, 21, 22. Several explanations have been posited, including the
associations between the TG/HDL-C ratio and insulin resistance16, 23, the metabolic
syndrome, or small dense LDL-C particles24. The metabolic syndrome has been associated
with incident MI25, and is more prevalent in Hispanics in our cohort26. Hispanics also have
higher prevalence of the other clinical components of the metabolic syndrome such as
diabetes and obesity26, 27. Few investigators, however, have studied the utility of a TG/
HDL-C ratio in Hispanics or older individuals, although one report found that a ratio of 3
predicted insulin resistance in Hispanics and non-Hispanic whites28. Others have reported
that the TG/HDL-C is less predictive of insulin resistance in non-Hispanic blacks29.

Our study has important strengths, including analysis of a large predominantly Caribbean
Hispanic elderly cohort, among which the association of serum lipids and MI has been less
frequently studied. Our sample also includes the largest number of Hispanics to date who
have been followed prospectively to examine the role of dyslipidemia on risk of MI.

Our study has several limitations, as well, including a concern that the lipids were measured
several years before the MI, and may not reflect levels close to the time of the event. In prior
analysis however we have demonstrated that HDL-C and TG remain stable over multiple
measures at least one year apart despite treatment with cholesterol lowering medications30.
We also may have been underpowered to detect subtle differences in differential effects for
the other lipid panel components. In our study Hispanics were more likely to be treated with
lipid lowering medications, which may have also reduced our ability to find a differential
effect of LDL-C on Hispanics, though we did adjust for lipid lowering treatment in all of our
models. Hispanics were additionally less likely to have completed high school, which could
have relevant lifestyle and wellness differences that we did not collect in our study. We had
a greater proportion of older women, who had both higher HDL-C and LDL-C than the men
in our sample, which could have been an important confounder. On the other hand we
adjusted for sex in all models, and we found no evidence for an interaction term with any of
the lipid profile components. Our findings may not be generalizable to all Hispanics; 88% of
our Hispanic sample consists of Caribbean-Hispanics from the Dominican Republic, Cuba,
and Puerto Rico. Even though Hispanics have a common language, they have different
ancestral origins, cultures, diets, and socioeconomic status which may contribute to different
cardiovascular disease outcomes. Our study was not designed to confirm or address the
causes of the “Hispanic paradox”, which is a less clearly described phenomenon for
Caribbean Hispanics. Confirmation by other investigators using other Hispanic populations
is required. Finally, given the number of lipid panel components analyzed, some of our
results could be due to chance.

In conclusion, we found that not all components of the lipid panel were associated with an
increased risk of MI in Hispanics. In particular, a low HDL-C and the TG/HDL-C >2 ratio
were not associated with risk of MI in Hispanics. The TG/HDL-C ratio as a continuous
variable was associated with risk of MI in Hispanics, with a trend towards a statistically
significant association for a ratio >6. This represents the relative importance of mixed
dyslipidemia among Hispanics since Hispanics need a much higher TG/HDL-C ratio to
confer risk compared to non-Hispanic whites and blacks. Since there are some variations in
lipid expression and metabolism, it is feasible that there could be differences in MI risk. Our
findings highlight the importance of developing more accurate risk management and
prediction guidelines for Hispanics; at this point further studies are required to determine
whether national guidelines for lipids should be adjusted based on race-ethnicity.
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Figure.
Plot of log hazard ratios (y-axis) in non-Hispanic whites (blue line) and Hispanics (red line)
for each unit increase in TG/HDL-C (x-axis)
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Table 3

Hazard ratios (HR) and 95% CI for lipid parameters and risk of myocardial infarction (n =163) using
dichotomous definitions

Plasma lipid panel component Unadjusted HR and 95%CI Adjusted* HR and 95%CI

HDL-C (men <40 mg/dl, women <50 mg/dl)† 1.39(1.00–1.92) 1.79(1.25–2.56)

Race-ethnicity Hispanic 1.35(0.79–2.31)

Non-Hispanic black 2.36(1.16–4.81)

Non-Hispanic whites 2.03(1.15–3.58)

Triglycerides >200 mg/dl† 1.53(1.03–2.28) 1.80(1.16–2.77)

Race-ethnicity Hispanic 1.37(0.74–2.56)

Non-Hispanic black 1.25(0.29–5.29)

Non-Hispanic whites 2.82(1.47–5.42)

Triglycerides/HDL-C >2† 1.63(1.13–2.35) 1.85(1.25–2.74)

Race-ethnicity Hispanic 0.89(0.51–1.55)

Non-Hispanic black 3.31(1.47–7.44)

Non-Hispanic whites 2.79(1.42–5.48)

LDL-C >130 mg/dl 1.26(0.92–1.73) 1.59(1.14–2.21)

Non-HDL-C >160 mg/dl 1.41(1.03–1.93) 2.02(1.44–2.82)

Total Cholesterol >240 mg/dl 1.71(1.20–2.43) 2.36(1.60–3.47)

Total Cholesterol/HDL-C (upper quartile) 1.86(1.35–2.57) 2.43(1.71–3.45)

*
adjusted for age, sex, race-ethnicity, education, hypertension, diabetes mellitus, waist circumference, tobacco use, valvular heart disease, moderate

alcohol consumption, cholesterol medication use, and physical activity. Not adjusted for other lipid profile components.

†
Stratified models presented only when interaction term between race-ethnicity and the lipid profile component was statistically significant at

p<0.05
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Table 4

Hazard ratios (HR) and 95% CI for lipid parameters and risk of myocardial infarction (n=163) using
continuous definitions

Plasma lipid panel component Unadjusted HR and 95%CI Adjusted* HR and 95%CI

HDL-C per 10mg/dl decrease† 1.20(1.08–1.37) 1.27(1.11–1.47)

Race-ethnicity Hispanic 1.08(0.89–1.31)

Non-Hispanic black 1.35(1.04–1.76)

Non-Hispanic whites 1.49(1.18–1.88)

Triglycerides per 10mg/dl increase† 1.02(1.01–1.04) 1.03(1.02–1.05)

Race-ethnicity Hispanic 1.02(1.01–1.05)

Non-Hispanic black 1.02(0.98–1.07)

Non-Hispanic whites 1.03(1.01–1.06)

Triglycerides/HDL-C† 1.05(1.02–1.07) 1.06(1.04–1.09)

Race-ethnicity Hispanic 1.08(1.04–1.12)

Non-Hispanic black 1.07(0.95–1.20)

Non-Hispanic whites 1.05(1.01–1.09)

LDL-C per 10mg/dl increase 1.06(1.02–1.11) 1.12(1.07–1.17)

Non-HDL-C per 10mg/dl increase 1.07(1.03–1.11) 1.12(1.08–1.16)

Total Cholesterol per 10 mg/dl increase 1.05(1.01–1.09) 1.10(1.06–1.14)

Total Cholesterol/HDL-C 1.24(1.14–1.34) 1.36(1.24–1.49)

*
adjusted for age, sex, race-ethnicity, education, hypertension, diabetes mellitus, waist circumference, tobacco use, valvular heart disease, moderate

alcohol consumption, cholesterol medication use, and physical activity. Not adjusted for other lipid profile components.

†
Stratified models presented only when interaction term between race-ethnicity and the lipid profile component was statistically significant at

p<0.05
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