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Abstract

Background—The use of statins increased among US adults with high coronary heart disease
(CHD) risk following publication of the 2001 cholesterol treatment guidelines.

Methods and Results—We analyzed the association between lipids and CHD among 9,578
REasons for Geographic And Racial Differences in Stroke (REGARDS) study participants and
346,595 Kaiser Permanente Southern California (KPSC) members with baseline lipid
measurements in 2003-2007. We performed the same analyses among 14,590 Atherosclerosis
Risk In Communities (ARIC) study participants with lipid measurements in 1987-1989. Analyses
were restricted to blacks and whites 45-64 years of age, without CHD, who were not taking statins
at baseline. Total cholesterol, high-density lipoprotein cholesterol (HDL-C) and triglycerides were
measured at baseline. Low-density lipoprotein cholesterol (LDL-C), non-HDL-C, total-to-HDL-C
and triglycerides-to-HDL-C ratios were calculated. The prevalence of diabetes, history of stroke
and antihypertensive medication use increased at higher LDL-C in ARIC but not in REGARDS or
KPSC. Over 8.9 years of follow-up, 225 CHD events occurred in REGARDS, 6,547 events in
KPSC and 583 events in ARIC. After multivariable adjustment, less favorable lipid levels were
associated with higher hazard ratios (HR) for CHD in ARIC. These associations were attenuated
in REGARDS and KPSC. For example, the HR (95%CIl) associated with the highest versus lowest
quartile of LDL-C (=146 mg/dL versus <102 mg/dL) was 1.89 (1.42-2.51) in ARIC, and 1.25
(0.81-1.92) in REGARDS and 1.49 (1.38-1.61) in KPSC.

Conclusions—The association between lipids and CHD in contemporary studies may be
attenuated due to preferential use of statins by high risk individuals.
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Methods

In 2001, the Third Report of the National Cholesterol Education Program, Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP 111)
provided guidelines for the diagnosis and treatment of dyslipidemia among US adults.
These guidelines recommended healthcare providers use an individual’s low density
lipoprotein cholesterol (LDL-C) level and coronary heart disease (CHD) risk in the decision
to initiate statins for primary prevention. In ATP Ill, statin initiation was recommended for
adults with high LDL-C or with low to moderate LDL-C levels but with a high estimated
10-year CHD risk or CHD risk equivalents.! The percentage of US adults recommended
lipid-lowering therapy by ATP 111 who were taking statins increased from 20% in 1999—
2000 to 38% in 2003-2004 and 43% in 2009-2010.2: 3

Given the recommendations for the selective use of statins for primary prevention in ATP
111, the group of individuals with high LDL-C who remain untreated may be enriched for
adults who have low CHD risk. Therefore, it is possible that the association between LDL-C
and incident CHD among adults not taking statins has changed since the publication of ATP
I11. This might have important implications for the interpretation of epidemiological studies
conducted in the era of widespread statin use as well as for the accuracy of CHD and
cardiovascular disease (CVD) risk prediction equations that were derived using data on
lipids collected before the publication of ATP 111,45

The main objective of the present analysis was to determine the association of LDL-C and
other serum lipids including non-high density lipoprotein cholesterol (non-HDL-C), HDL-C,
triglycerides (TG), total-to-HDL-C and TG-to-HDL-C ratios with incident CHD after the
publication of the ATP Il guidelines and the subsequent increase in statin use among US
adults. For comparison, we conducted an identical analysis on the association between
serum lipids and CHD incidence using data from an era before statin use became common in
primary prevention. We hypothesized that the association of LDL-C and other serum lipids
with CHD incidence in observational studies would be weaker among untreated adults in the
era following publication of the ATP I1I guidelines due to the preferential use of statins by
individuals with high LDL-C or low to moderate LDL-C but high CHD risk.

Study populations

We used data from the REasons for Geographic And Racial Differences in Stroke
(REGARDS) study and Kaiser Permanente Southern California (KPSC) healthcare system
to analyze the association between serum lipids and CHD risk for the time period following
publication of the ATP 111 guidelines. For comparison, we used data from the public-use
Atherosclerosis Risk In Communities (ARIC) study data set to analyze the same
associations during the period prior to publication of the ATP |1l guidelines and the
widespread use of statins.
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The REGARDS study was designed to investigate reasons underlying the higher rate of
stroke mortality among blacks compared to whites, and among residents of the Southeastern
United States compared to other US regions.” CHD events have been identified and
adjudicated in an ancillary study.8 A total of 30,239 black and white men and women aged
45 years or older were recruited from all 48 contiguous US states and the District of
Columbia between January 1, 2003 and October 31, 2007. KPSC is a healthcare delivery
system which provides care for about 3.9 million members in the Southern California
region.® The ARIC study was designed to investigate the etiology of atherosclerosis in a
cohort of black and white men and women aged 45 to 64 years from four US
communities.1% A total of 15,792 participants were enrolled between 1987 and 1989. The
REGARDS and ARIC studies were approved by the Institutional Review Boards at the
participating centers and all participants provided written informed consent. The use of
KPSC administrative data and electronic health records for the present analysis was
approved by the KPSC IRB with a waiver for written informed consent. All analyses in
KPSC were conducted in compliance with the Health Insurance Portability and
Accountability Act (HIPAA) regulations.

All REGARDS study participants, black and white KPSC members with a complete lipid
panel between January 1, 2003 and October 31, 2007, and ARIC participants in the limited
access public use data set were assessed for eligibility. A lipid panel including total
cholesterol (TC), HDL-C and TG in 20032007 was required for KPSC members to match
the enrollment period in REGARDS. Additionally, KPSC members were required to have
365 days of continuous healthcare coverage prior to their first lipid panel. This period was
used to assess baseline characteristics. We excluded REGARDS study participants and
KPSC members <45 or =65 years of age to match the age range of ARIC participants.
Further exclusion criteria in REGARDS, KPSC and ARIC were having a history of CHD or
use of lipid-lowering medications at baseline (defined below), and lack of post-baseline
participant follow-up to identify the occurrence of CHD events. After these exclusions were
applied, 9,578 REGARDS study participants, 346,595 KPSC members and 14,590 ARIC
study participants were included in the present analysis (Figure 1).

Baseline assessment

The REGARDS and ARIC studies—As part of the baseline evaluation in the
REGARDS and ARIC studies, an interview was conducted, and a blood sample and an
electrocardiogram were obtained for each participant. Self-reported information collected at
baseline in the REGARDS and ARIC studies included age, race, sex, education, annual
household income, alcohol consumption, current cigarette smoking, history of stroke and
use of antihypertensive medication. History of CHD at baseline was defined by self-report
of a prior diagnosis of myocardial infarction (MI), coronary bypass, coronary angioplasty
(or stenting in REGARDS). Participants with evidence of a previous Ml on the baseline
electrocardiogram were also considered to have a history of CHD. Use of lipid-lowering
medication was assessed by self-report in the REGARDS study and through the review of
pill bottles for all medications participants reported taken during the two weeks prior to their
baseline study visit in ARIC. For REGARDS study participants, use of statins was also
assessed through the review of pill bottles for all medications taken during the two weeks
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preceding their baseline study visit. Pill bottle data to identify statin use at baseline is not
included in the public use data set for the ARIC study.

Using the blood collected at baseline in REGARDS and ARIC, serum glucose, creatinine
and lipids were measured. Diabetes was defined as self-reported treatment with oral anti-
diabetes medications or insulin, fasting (8 hours or more) serum glucose =126 mg/dL or
non-fasting serum glucose =200 mg/dL.1! For each participant, estimated glomerular
filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.12 Baseline serum creatinine levels from ARIC
participants were calibrated as previously described.13 Reduced eGFR was defined as <60
ml/min/1.73 m2 .14

KPSC—For KPSC members, baseline was defined by the date of their first lipid panel that
included TC, HDL-C and TG between January 1, 2003 and October 31, 2007. Baseline
characteristics of KPSC members prior to the lipid panel were identified using
administrative databases and electronic health records. These characteristics included age,
sex, race, education, income, alcohol consumption, smoking, diabetes, reduced eGFR,
history of stroke and CHD, use of antihypertensive medications and lipid-lowering
medications (Supplemental Table 1).

Serum lipids measurements at baseline—Six serum lipids were analyzed in the
current study: LDL-C, non-HDL-C, HDL-C, TG, total-to-HDL-C and TG-to-HDL-C ratios.
TC, HDL-C and fasting TG were measured by colorimetric reflectance spectrophotometry in
REGARDS. In ARIC, automated enzymatic methods (Monotest Cholesterol and GPO
Triglyceride procedures, Boehringer Mannheim) were implemented using a Cobas-Bio
Analyzer© (Roche) to measure TC, HDL-C and fasting TG. TC, HDL-C and TG were
measured by the Kaiser Permanente Regional Laboratory using enzymatic methods. The
Friedewald equation was used to calculate LDL-C for individuals with TG <400 mg/dL in
each population.1> We also calculated values for non-HDL-C (TC minus HDL-C), total-to-
HDL-C ratio (TC divided by HDL-C) and TG-to-HDL-C ratio (TG divided by HDL-C).

CHD incidence

Trained personnel in both the REGARDS and ARIC studies used similar approaches to
adjudicate incident CHD events.18 REGARDS participants were contacted by telephone
every 6 months and medical records were retrieved when a heart-related hospitalization was
reported by the participant or a proxy respondent. When possible CHD-related deaths were
reported, interviews with next-of-kin or proxies, medical records in the last year of life,
death certificates and autopsy reports were used to determine if a CHD event was the
underlying cause of death. Follow-up of ARIC participants included annual telephone
interviews and in-person clinic visits at 3 year intervals. Additional information on CHD
incidence was retrieved from hospital records and death certificates through a community
surveillance system. The definition of CHD events from the REGARDS and ARIC studies
included definite or probable MI or CHD death (death preceded by cardiac symptoms or
signs or a history of CHD and with no evidence of non-coronary causes).
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Incident CHD events following the baseline lipid panel identified among KPSC members
included non-fatal Mls, defined by an inpatient stay with a discharge diagnosis code of
410.x according the International Classification of Diseases, 9™ version (ICD-9) in any
position, or CHD deaths, defined by an underlying cause of death ICD, 10t version
(ICD-10) code 120-125. KPSC members’ deaths were identified from health plan databases,
State of California death certificate files and Social Security Administration Death files.

Adjudicated CHD outcomes were available through December 31%t, 2011 in REGARDS
(maximum follow-up: 8.9 years). To match the follow-up time in REGARDS, ARIC
participants and KPSC members who remained free of CHD events and alive were censored
after 8.9 years of follow-up.

Statistical analysis

Baseline characteristics of individuals in REGARDS, KPSC and ARIC included in the
current analysis were calculated. For the main analysis, each lipid was divided into four
levels defined by quartile cut-points in the REGARDS study. We chose to use quartiles
because few individuals were available in some categories (e.g., LDL-C = 160 mg/dL) when
clinical cut-points were applied. To examine preferential treatment of high risk individuals
with statins following the publication of ATP I, baseline characteristics of individuals in
REGARDS, KPSC and ARIC not taking lipid-lowering medications were calculated by
category of LDL-C.

Age, race and sex adjusted CHD incidence rates were calculated for each lipid category
using Poisson regression. Cox proportional hazards models were used to calculate hazard
ratios (HR) for CHD associated with categories of each serum lipid, using the most
favorable category as the reference (e.g., lowest LDL-C, highest HDL-C). Three models
with progressive adjustment were conducted. The first model included adjustment for age,
race and sex. The second model included the covariates from the first model plus education,
household income, alcohol consumption and current smoking. The third model included
variables in the second model plus diabetes, reduced eGFR, history of stroke and use of
antihypertensive medication. All regression models from REGARDS also included
adjustment for region of residence (stroke belt, stroke buckle and non-belt regions).” Trends
in incidence rates and HRs across categories of each lipid were calculated by modeling the
lipid categories as an ordinal variable. A lower HR for CHD associated with the highest
category of LDL-C in contemporary studies may be driven by fewer individuals with very
high LDL-C. Therefore, we repeated the analysis for LDL-C after creating a fifth category
for individuals with LDL-C =190 mg/dL. In sensitivity analyses, we calculated HRs for
CHD associated with serum lipids as continuous variables and, separately, with categories of
lipids defined by quartile cut-points derived using ARIC study data.

All analyses in REGARDS and ARIC were conducted using multiple imputation to replace
missing data including covariates and non-fasting LDL-C and TG values. For each lipid
analyzed, we imputed 25 data sets using chained equations. Multiple imputation was based
on observed values from all the covariates included in the fully adjusted Cox regression
models and the outcome.”- 18 The results were similar in analyses conducted without
multiple imputation (data not shown). Analyses in KPSC were conducted using missing
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indicator variables rather than multiple imputation due to the large number of observations.
All analyses were conducted using Stata/l.C. 12.1 (Stata Corporation, College Station, TX).

Participant characteristics

Association

The mean age of individuals included in the current study was 56.7, 53.4 and 54.0 years in
REGARDS, KPSC and ARIC, respectively (Table 1). By design, a high percentage of
REGARDS study participants was black. REGARDS participants were more likely to have
at least a high school education compared with KPSC members and ARIC study
participants. An annual household income =$25,000 was more common among REGARDS
participants and KPSC members as compared with ARIC participants. A smaller percentage
of REGARDS participants and KPSC members was currently smoking cigarettes as
compared with ARIC participants. Antihypertensive treatment was more common in the
REGARDS study and among KPSC members. The mean HDL-C and TG-to-HDL-C ratio
were similar in REGARDS, KPSC and ARIC. The mean TC, LDL-C, and non-HDL-C were
lower for REGARDS participants as compared with KPSC members and ARIC participants.
Mean total-to-HDL-C ratios were lower in REGARDS participants and KPSC members as
compared with ARIC participants.

between baseline characteristics and LDL-C

At higher LDL-C levels, ARIC participants had a greater burden of cardiovascular risk
factors (Table 2). ARIC participants with higher LDL-C were older, more likely to be men,
have diabetes, reduced eGFR, history of stroke, and to be taking antihypertensive
medication. In contrast, many of these associations were not present in REGARDS and
KPSC. For example, the prevalence of diabetes and use of antihypertensive medications
were lower at higher LDL-C levels among REGARDS participants and KPSC members.

Lipids and CHD incidence

Over 8.9 years of follow-up, 225 CHD events occurred in REGARDS, 6,547 in KPSC and
583 in ARIC (Supplemental Table 2). With the exception of LDL-C in REGARDS, less
favorable lipid levels were associated with a higher age-race-sex adjusted incidence of CHD
in each population (Table 3). LDL-C was not associated with CHD incidence after age, race
and sex adjustment in REGARDS. For each lipid, the association with CHD incidence was
stronger in ARIC as compared with REGARDS and KPSC.

With the exception of LDL-C, HDL-C and total-to-HDL-C in REGARDS, less favorable
lipid levels were associated with a higher multivariable adjusted HR for CHD in each study
(Figure 2 and Supplemental Table 3). The association between each lipid category and
incident CHD was stronger in ARIC as compared with REGARDS and KPSC. LDL-C =190
mg/dL was associated with an increased HR for incident CHD as compared with a LDL-C
of 102 mg/dL in each study (Supplemental Table 4). The HR for incident CHD associated
with LDL-C of 146 to 189 mg/dL was lower in REGARDS (HR 1.18; 95% CI 0.78-1.80)
and KPSC (HR 1.38; 95% CI 1.27-1.49) as compared with ARIC (HR 1.76; 95% CI 1.30-
2.38). A stronger association between each serum lipid and incident CHD was also present
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among ARIC participants as compared with REGARDS participants and KPSC members
when serum lipids were analyzed as continuous variables (Supplemental Table 5) and using
categories defined by ARIC quartile cut-points (Supplemental Table 6).

Discussion

In the current study, we contrasted the association of serum lipids with incident CHD using
data collected before and after the publication of ATP |1l and the subsequent increase in the
use of statins among US adults. Among participants not taking lipid-lowering medications in
the ARIC study, which was conducted before the publication of the ATP 111 guidelines, less
favorable lipid levels were associated with a large increase in risk for CHD. In contrast, the
association between less favorable lipid levels and increased CHD risk was weaker among
REGARDS study participants and KPSC members not taking lipid-lowering medications,
two populations studied after publication of the ATP Il1 guidelines. Also, ARIC participants
with higher LDL-C were more likely to have concomitant CHD risk factors, but these
associations were not present for REGARDS participants and KPSC members. These
findings suggest the observed association between serum lipids and CHD in contemporary
studies may be attenuated because of preferential use of lipid-lowering medications by high-
risk individuals, representing a challenge for observational research on lipids and CHD.

Many previous observational studies have documented strong, graded associations between
serum lipids and CHD risk.1%-23 For example, the Emerging Risk Factors Collaboration,
which used participant-level data from 8 observational studies and 44,243 participants,
reported that a 33 mg/dL higher LDL-C was associated with 38% increased risk of CHD
(HR 1.38; 95%CI 1.09-1.73).24 However, most of the data used in these studies were
collected prior to the widespread use of statins. A series of randomized clinical trials
showing a significant reduction of both LDL-C and CHD risk associated with the use of
statins were published in the 1990s and early 2000s.25-31 As a consequence, LDL-C became
a target for CHD risk reduction therapy and the use of statins rose substantially.?: 3

In 2001, the ATP 111 introduced risk stratification to help guide the initiation of statin
therapy, emphasizing a patient’s global CHD risk in addition to LDL-C.1: 32 This
recommendation resulted in the preferential use of statin therapy by individuals with high
LDL-C or with low to moderate LDL-C but with other CHD risk factors. In a study by
Aronow et al., 90.8% of statin users in Medicare and 70.8% of statin users in US
commercial health plans had hypertension, diabetes, chronic kidney disease, CHD, angina,
or a history of stroke or transient ischemic attack.33 In our analysis, there was a marked shift
in the distribution of CHD risk factors across categories of LDL-C among individuals not
taking lipid-lowering medications from before to after publication of the ATP |1l guidelines.
This shift is consistent with the contemporary use of lipid-lowering medications by
individuals with high CHD risk. ARIC study participants with higher levels of LDL-C were
more likely to be male, have diabetes, reduced eGFR, and a history of stroke and use
antihypertensive medications. In contrast, among REGARDS study participants and KPSC
members, those with higher LDL-C levels were less likely to have diabetes or take
antihypertensive medication.
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Results from the present study should not be interpreted as evidence of a lack of a causal
effect of serum lipids on incident CHD. Instead, our results suggest that the ATP Il
guidelines could have contributed to the attenuation of the association between serum lipids
and CHD in contemporary populations. In ATP |11, the recommendation to initiate lipid-
lowering medications is based on both LDL-C levels and the presence of other CHD risk
factors.! Preferential initiation of lipid-lowering therapy in individuals with high LDL-C
and/or high burden of CHD risk factors could lead to collider stratification bias in
populations after the publication of ATP 111 when analyses are conducted conditioning on
lipid-lowering medication use.3# Adults who are not taking lipid-lowering medication in
contemporary populations have lower LDL-C compared with their counterparts before the
publication of ATP Ill. Also, among adults with high LDL-C in contemporary populations,
the average CHD risk will be lower than among individuals with equivalent LDL-C levels in
earlier eras. Taken together, these changes can weaken the association between lipids and
CHD in contemporary populations. An example of how ATP Ill may result in collider
stratification bias was provided when studying the prevalence of diabetes by LDL-C levels
in REGARDS and KPSC versus ARIC (i.e., diabetes was more common at higher LDL-C in
ARIC but was more common at lower LDL-C in KPSC and REGARDS). While we adjusted
for known CHD risk factors, unmeasured factors that are associated with lipid-lowering
medication use may be present. A collider stratification bias was likely not present in
populations before the publication of ATP 111 because the recommendation to initiate lipid-
lowering medication in prior guidelines was primarily based on serum lipid levels.32
Although including individuals taking lipid-lowering medication in the analysis of
contemporary populations could avoid collider stratification bias, the results using this
approach would also be biased because lipid-lowering therapy modifies both serum lipid
levels and CHD incidence. Another possible explanation for the attenuation of the
association between serum lipids and incident CHD in contemporary populations is that
individuals with high LDL-C who are untreated may be more likely to initiate statins during
follow-up as compared with individuals before the publication of ATP IIl. An attenuation in
the association between serum lipids and CHD may have important implications for modern
studies. For instance, the association of new lipid markers with CHD risk may be obscured.
This might also change the role of lipids as potential confounders in the association of other
risk factors with CHD risk. Most importantly, there is a need to evaluate the validity of CHD
and CVD risk prediction models that were developed using lipid data collected before ATP
111 was published.®

The current analysis has a number of strengths. ARIC and REGARDS were population-
based studies, they included large sample sizes, with the collection of blood samples and a
long active follow-up period for CHD events that were rigorously adjudicated following
similar approaches in each study. Results in the contemporary era were replicated using data
from KPSC, a large healthcare system with a high degree of generalizability.® The current
analysis also has potential and known limitations. We only analyzed a single study from the
era prior to the publication of ATP IlI. Also, REGARDS, KPSC and ARIC had differences
in their design and methods for data collection including the assay used to measure lipids
which may explain differences in results across these studies. We were not able to
investigate some relevant cardiovascular risk factors, including C-reactive protein and
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albuminuria, which could have changed among individuals not taking lipid-lowering
medication from before to after publication of the ATP Il1 guidelines as this information was
not available for all three populations analyzed. In KPSC, information on fasting status for
lipid panels at baseline was not available and incident CHD events were not adjudicated.
Additionally, we did not analyze information on the initiation of statins following baseline.

Over 50 years of research including both observational studies and randomized trials
demonstrate serum lipids levels are independent risk factors for CHD and that lipid-lowering
medications, mainly statins, reduce this risk.19-23. 25-31 As a consequence, the use of statins
among US adults has increased substantially over the last 15 years. The current analysis
suggests that the preferential use of statins for primary prevention in high risk populations
may obscure the association between serum lipids and CHD. Results from the current
analysis need to be confirmed in future studies. Until more data become available, caution
should be taken when interpreting the association between lipids and CHD risk in
contemporary observational studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives

Prior studies have shown that statins are effective in reducing coronary heart disease
(CHD) incidence. The proportion of US adults taking statins increased after the
publication of the 2001 Adult Treatment Panel (ATP II1) cholesterol treatment guidelines
which recommended statin therapy based on low-density lipoprotein cholesterol (LDL-C)
levels and predicted CHD risk. We compared the characteristics of adults not taking
lipid-lowering medications by level of LDL-C and the association between serum lipids
and CHD using data from populations before (Atherosclerosis Risk In Communities
[ARIC]) and after (Kaiser Permanente Southern California [KPSC], and REasons for
Geographic And Racial Differences in Stroke [REGARDS]) the publication of ATP III.
The prevalence of diabetes, history of stroke and antihypertensive medication use
increased at higher levels of LDL-C in ARIC but not in REGARDS or KPSC. These
findings were consistent with a preferential use of statins by high risk individuals or
individuals with high LDL-C in the contemporary era. Less favorable levels of each lipid
analyzed (LDL-C, high-density lipoprotein cholesterol [HDL-C], non-HDL-C,
triglycerides, total-to-HDL-C and triglycerides-to-HDL-C) were associated with an
increased risk for CHD in ARIC but these associations were attenuated in REGARDS
and KPSC. Results from our study suggest that the preferential use of statins by
individuals with high CHD risk in the contemporary era may induce a bias when
analyzing the association between serum lipids and CHD. This bias may have important
implications for future studies of lipids and CHD risk as well as for CHD risk prediction.
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Figure 1.
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Flowchart of individuals from REGARDS, KPSC and ARIC included in the analysis. ARIC:
Atherosclerosis Risk In Communities; CHD: coronary heart disease; KPSC: Kaiser
Permanente Southern California; LDL-C: low-density lipoprotein cholesterol; REGARDS:
REasons for Geographic And Racial Differences in Stroke; TG: triglycerides.
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Figure2.

Forest-plot of hazard ratios for coronary heart disease by lipid categories in REGARDS,
KPSC and ARIC. * 6,163 events from 336,851 members for the analysis of LDL-C. All
analyses include adjustment by age, race, sex, education and income levels, alcohol
consumption, current smoking, diabetes, reduced eGFR, stroke and use of antihypertensive
medications. Analyses from REGARDS also include adjustments for region of residence.
CHD definition from REGARDS and ARIC includes definite or probable MI or CHD death.
CHD definition for KPSC includes non-fatal MI (defined by an inpatient stay with a
discharge 1CD-9 diagnosis code of 410.x in any position) or CHD death (defined by an
underlying cause of death ICD-10 code 120-125). Analyses in KPSC and ARIC are limited
to 8.9 years of follow-up. Categories of serum lipids were defined based on quartiles from
REGARDS study participants. ARIC: Atherosclerosis Risk In Communities; CHD: coronary
heart disease; eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein
cholesterol; KPSC: Kaiser Permanente Southern California; LDL-C: low-density lipoprotein
cholesterol; MI: myocardial infarction; REGARDS: REasons for Geographic And Racial
Differences in Stroke; TG: triglycerides.
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Table 1
Baseline characteristics of individuals from REGARDS, KPSC and ARIC included in the analysis.

REGARDS KPSC ARIC
(n=9578) (n=346595) (n = 14,590)

Age in years, mean (SE) 56.7 (0.05) 53.4 (0.01) 54.0 (0.05)
Men, % 39.3 425 43.3
Blacks, % 43.7 20.5 27.6
Region of residence,” %

Stroke belt (buckle states) 21.4 -- --

Stroke belt (non-buckle states) 36.1 -- --

Other contiguous US states 425 -- --
High school or higher education level, % 92.5 81.1 76.6
Annual household income, %

<US$25,000 241 2.8 385

>US$25,000 75.9 91.2 61.5

Unknown - 6.0 --
Alcohol consumption, %

None 57.5 454 61.4

Moderate 37.8 30.0

38.9

Heavy 4.7 8.3

Unknown - 15.8 -
Current smoking, %

Yes 18.7 14.7 26.3

No 81.3 78.8 73.7

Unknown - 6.5 -
Diabetes, % 12.7 7.9 11.1
Reduced eGFR, % 2.8 4.8 2.6
History of stroke, % 2.6 1.2 1.4
Taking antihypertensive medication, % 36.7 29.3 23.9

Total cholesterol (mg/dL), mean (SE) 202.2 (0.40) 214.1(0.07) 214.1(0.35)

LDL-C (mg/dL), mean (SE) 1235(0.36)  132.9(0.06)  136.2 (0.34)
Non-HDL-C (mg/dL), mean (SE) 148.9 (0.40)  159.9(0.07)  161.9 (0.37)
HDL-C (mg/dL), mean (SE) 533(0.17)  54.2(0.03)  52.3(0.14)
TG (mg/dL), mean (SE) 126.6 (0.95) 134.8(0.12)  128.4(0.72)
Total-to-HDL-C ratio, mean (SE) 4.1(0.01) 4.2 (0.003) 4.5(0.01)
TG-to-HDL-C ratio, mean (SE) 2.9 (0.04) 2.9 (0.004) 3.0 (0.03)

ARIC: Atherosclerosis Risk In Communities; eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein cholesterol; KPSC:
Kaiser Permanente Southern California; LDL-C: low-density lipoprotein cholesterol; REGARDS: REasons for Geographic And Racial Differences
in Stroke; SE: standard error; TG: triglycerides; US$: United States dollars.

*
Stroke belt (buckle states) includes coastal North Carolina, South Carolina and Georgia. Stroke belt (non-buckle states) includes the remaining
parts of the stroke buckle states and Tennessee, Mississippi, Alabama, Louisiana and Arkansas.
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