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Abstract

Background—The association between lipid levels and stroke rates is less than lipid levels and
coronary heart disease (CHD)

Objective—To assess if there are geographic, racial, and ethnic differences in total cholesterol
(TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol(HDL-C)
and triglyceride levels with incident stroke.

Methods—From The REasons for Geographic AndRacial Differences in Stroke (REGARDS)
study we evaluated baseline levels of LDL-C, HCL-C, TC, Non-HDL-C (Total - HDL-C) and
triglycerides in participants free of prevalent stroke at baseline. Cox Proportional-Hazard models
were the main analytical tool used to examine the association between incident stroke and lipids.
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For each adjusted lipid measure (LDL-C, HDL-C, triglycerides, TC, and non-HDL-C) we
calculated a series of incremental models.

Results—The analysis cohort was 23,867 participants with a mean follow-up time of 7.5 +/- 2.9
years, and 1031 centrally adjudicated strokes (874 ischemic and 77 hemorrhagic strokes). HDL-C
baseline level was associated with an overall unadjusted 13% risk reduction (HR 0.87, 95%
confidence interval [CI]: 0.81-0.93; p<0.05; 14% for ischemic and 16% for hemorrhagic strokes),
and TC with an 8% (HR 0.92, 95%Cl: 0.87-0.99; p<0.05) risk reduction of all strokes. When the
results were fully adjusted a significant association was observed only for LDL-C and non-HDL-C
and ischemic stroke. There were no significant differences in these associations when adjusted for
age, race, age*race, gender, education, region, or income.

Conclusion—In a disease free population, LDL-C and non-HDL-C baseline levels are

significantly associated with the risk of ischemic stroke.
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Current stroke prevention recommendations focus on optimizing dyslipidemia although the
epidemiologic association between serum cholesterol levels and adjusted stroke rates is not
as strong as that between serum cholesterol levels and coronary heart disease (CHD).1 In
the Asia Pacific Cohort Studies Collaboration there was a 25% increase in ischemic stroke
for each 1 mmol increase in total cholesterol (TC), while neither the Atherosclerosis Risk In
Communities (ARIC) Study, Cardiovascular Health Study (CHS), the Eurostroke Project,
nor Framingham study found an association between cholesterol and stroke risk.59 Sex,
ethnicity, and race (but not region) have also been studied in The REasons for Geographic
And Racial Differences in Stroke (REGARDS) and suggest that stroke is more prevalent in
men, African Americans and some Latino Americans, but that the higher prevalence of risk
factors in these latter groups only explains some of the excess risk.10 However, most of these
studies have relatively few African Americans, and many were confounded by race and
region (e.g. all African Americans being from one site). Recently, the Copenhagen City
Heart Study reported that in women and to some extent men, stepwise increased levels of
non-fasting triglycerides were associated with increasing risk of ischemic stroke, while
increasing levels of cholesterol were not.1! Thus, we assessed if there are geographic, racial,
and ethnic differences in TC, low density lipoprotein cholesterol (LDL-C), high density
lipoprotein cholesterol (HDL-C) and triglyceride levels measured at baseline from
participants in REGARDS study and evaluated their association with incident stroke.

METHODS

Study Population

The REGARDS study is a national, population-based, longitudinal cohort study with
oversampling of African Americans (AAs) and persons living in the Stroke Belt region of
the United States. Between January 2003 and October 2007, 30,239 individuals were
enrolled, including race groups (42% AA, 58% white), and both sexes (45% men). The
sample includes 21% of participants from the Stroke Belt Buckle (coastal plain region of
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North Carolina, South Carolina, and Georgia), 35% from the Stroke Belt states (remainder
of North Carolina, South Carolina, and Georgia, plus Alabama, Mississippi, Tennessee,
Arkansas, and Louisiana), and the remaining 44% from the other 40 contiguous states
(referred to as non-Belt). REGARDS participants were selected from commercially available
lists (Genesys). A letter and brochure informed participants of the study and a follow-up
phone call introduced the study and solicited participation. During that call, verbal consent
was obtained and a 45-minute questionnaire was administered. The verbal consent included
agreement to participate in a subsequent in-person examination. The telephone response rate
was 33% and the cooperation rate was 49% (similar to other reported epidemiologic
studies).12 Demographic information and medical history, including a history of
cardiovascular disease (CVD) and risk factors, was obtained by trained interviewers using a
computer assisted telephone interview (CATI). Participants were considered to be enrolled in
the study if they completed a 45-minute telephone questionnaire and an in-person physical
examination. The exam included anthropometric and blood pressure (BP) measurements,
blood samples, and an electrocardiogram conducted 3—4 weeks after the telephone interview.
Written consent was obtained during the in-person visit. Participants or their proxies were
contacted by telephone at 6-month intervals for identification of medical events.

Medical records were obtained for suspected strokes, and were reviewed by at least 2
physician members of a committee of stroke experts. Stroke events were defined following
World Health Organization (WHO) definition, and further classified as ischemic or
hemorrhagic. Incident stroke was defined as the first occurrence of physician-adjudicated
stroke. The study methods were reviewed and approved by all involved Institutional Review
Boards (IRB). Additional methodological details are provided elsewhere.13An in-home
examination was conducted on REGARDS cohort members by qualified medical personnel.
During this examination, fasting blood samples were taken in addition to other
measurements.

Main Exposure

Endpoints

Baseline levels of LDL-C, HCL-C, TC, Non-HDL-C (Total - HDL-C) and triglycerides.

For the primary analysis in order to reduce confounding by indication (statins) we included
all REGARDS participants free of prevalent stroke at baseline. The primary dependent
variable was all strokes, but these were then subdivided into ischemic and hemorrhagic
stroke.

Additional covariates

Demographic factors included age (defined in 10-year strata starting with age 45), race,
region (Belt, Buckle, or non-Belt) and gender. Measures of socio-economic status included
annual household income and education (defined in strata, see Table 1). Stroke risk factors
included diabetes (fasting glucose =126 mg/dL (= 7 mmol/L) or non-fasting glucose >200
mg/dL (= 11.1 mmol/L) or self-reported use of diabetes medications), self-reported
hypertensive medication use, self-reported use of lipid lowering medication, baseline
systolic blood pressure (SBP), baseline smoking status (current, past, or never), history of
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atrial fibrillation (AF), left ventricular hypertrophy (LVH), and history of heart disease (self-
reported event or evidence in ECG). SBP was the average of two measurements using a
standard technique. LVH was defined as meeting Sokolow-Lyon LVH limb lead criteria.
History of AF was by self-report or ECG evidence from record review.

Statistical Analysis

Baseline characteristics were calculated for the population based on quartiles of total
cholesterol. ANOVA F-tests and - 2tests were used to test differences between quartiles as
appropriate. Alternate LDL-C, HDL-C, TC, non-HDL-C, and triglyceride variables were
created by dividing by the standard deviation.

Cox Proportional-Hazard models were the main analytical tool used to examine the
association between incident stroke and lipids. Follow-up time was calculated as the
difference between last follow-up date (or confirmed stroke date) and in home date. For each
adjusted lipid measure (LDL-C, HDL-C, triglycerides, TC, and non-HDL-C) we calculated a
series of incremental models. The initial model is unadjusted, while model 2 adjusts for age,
race, age*race interaction, gender, education, geographic region, and income; and model 3
adds adjustments for SBP, hypertensive medication use, lipid lowering medication use,
smoking, AF, LVH, diabetes, and a self-reported history of heart disease. The proportional
hazards assumption was tested by including the interaction of the corresponding lipid
measure and log-transformed follow-up time in the final multivariable Cox models. SAS 9.3
(The SAS Institute, Cary, NC) was used for all models and calculations.

Multiple imputation for suspected stroke events that could not be adjudicated because of
inability to retrieve records and for records currently in the adjudication process
(approximately 10% of suspected stroke events for each) was used to reduce potential bias,
with details of this approach described elsewhere.14

RESULTS

The total REGARDS sample consisted of 30,239 subjects, 30,183 after 56 with data
anomalies were excluded. For the primary analysis 1,930 subjects with history of stroke at
baseline, 464 with missing follow-up data, 1,625 missing lipid measures and 2,297 with
missing covariate data were excluded. As seen in Figure 1, this left an analysis cohort of
23,867 with a mean follow-up time of 6.9 +/- 2.6 years. There were 1031 centrally
adjudicated strokes (874 ischemic and 77 hemorrhagic strokes). Table 1 lists the baseline
demographic and clinical features of the sample population by quartiles of total cholesterol.
Table 2 presents the hazard ratios (HRs) (unadjusted and with modeling) for all strokes,
ischemic strokes and hemorrhagic strokes, for the different lipid measurements (LDL-C,
HDL-C, triglycerides, TC, and non-HDL-C). In the unadjusted model, HDL-C baseline level
was associated with 13% reduction (HR 0.87, 95% confidence interval [CI]: 0.81-0.93;
p<0.05; 14% risk reduction for ischemic strokes and 16% for hemorrhagic strokes,
respectively), and TC with 8% (HR 0.92, 95%CIl: 0.87-0.99; p<0.05) risk reduction of all
strokes. When the results were adjusted (model 3) the significant association was observed
only for LDL-C and non-HDL-C with increase the risk of ischemic strokes by 8% and 10%
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respectively (HR 1.07, 95%Cl: 1.01-1.16, and HR 1.10, 95%CI: 1.03-1.18, respectively;
p<0.05 for both).

Discussion

In this analysis of the REGARDS Study we found that LDL-C/non-HDL-C baseline values
might be associated with an increased risk increase of ischemic strokes, 8% and 10%
respectively, while triglycerides were associated with a nonsignificant 24% risk reduction of
hemorrhagic strokes. Both of these associations were not significant in the model adjusting
for demographic and socioeconomic factors (model 2), but became apparent only after
adjustment for other major cerebrovascular risk factors. This “negative confounding”
unmasked an association of LDL-C and non-HDL-C with ischemic stroke risk. This result is
the product of (negative) associations of these lipid measures with some of the
cerebrovascular risk factors.

The association between cholesterol levels and stroke occurrence is debated in the literature.
In the Framingham cohort no association was found between the levels of cholesterol and
the incidence of stroke.® Nonetheless, in young women, a positive correlation between TC
levels and stroke-related mortality was observed, while in subjects in 6th and 7th decade of
life, an inverse correlation between these parameters was found.1> A combined analysis of
cohort trials showed no significant association between the increased level of serum
cholesterol and stroke rate, except for patients younger than 45 years.1® The reasons for not
finding the clear-cut relationship between cholesterol level and stroke occurrence may be
multiple. Firstly, longitudinal cohort studies were predestined to evaluate the role of
cholesterol in coronary atherosclerosis, but not in stroke.18 Therefore, by selecting middle-
aged subjects for cardiac studies, the older subjects, who were more susceptible to cerebral
infarction, were undoubtedly lost. Moreover, analysis of the occurrence of stroke subtypes
and differentiation between cholesterol components was not done. Additionally, the
prophylactic treatment used might also influence the incidence of stroke.

Hypercholesterolemia might promote atherosclerosis, because elevated concentrations of
oxidized or modified LDL cholesterol contribute to endothelial dysfunction.l’” The
association between hypercholesterolemia and stroke has become more apparent because of
data from prospective cohort studies that show higher risks of ischemic stroke with
increasing levels of total cholesterol in both men and women.17:18 Increased HDL
cholesterol levels have a protective effect against the occurrence of ischemic stroke, but the
association between LDL cholesterol and stroke is less clear.19:20 Elevated triglyceride levels
have also been reported as a risk factor for stroke.21-24 Moreover, the high prevalence of this
condition in the population translates into a larger proportion of strokes potentially
attributable to dyslipidemia and, therefore, a greater relative importance in public health.12
Most, but not all, epidemiological studies find an association between higher cholesterol
levels and an increased risk of ischemic stroke. In the MRFIT trial, which included almost
320.000 men, the relative risk of death from non-hemorrhagic stroke increased progressively
for each level of cholesterol.2> In the Alpha-Tocopherol, Beta-Carotene Cancer Prevention
(ATBC) study, which included 28.000 men who smoked, the risk of cerebral infarction was
increased among those with TC levels over7 mmol/L (271 mg/dL).28 In the Asia Pacific
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Cohort Studies Collaboration (APCSC), which included 352.033 persons, there was a 25%
increase (95%Cl, 13 to 40%) in ischemic stroke rates for every 1 mmol/L (38.7 mg/dL)
increase in total cholesterol.® In the Women’s Pooling Project, which included 24.343 US
women 55 years of age with no previous CVD, and in the Women’s Health Study (WHS), a
prospective cohort study of 27.937 US women over 45 years of age, higher cholesterol levels
were also associated with increased risk of ischemic stroke.2’ In other studies the association
between cholesterol and stroke risk was not as clear. In the ARIC study, which included
14.175 middle-aged men and women free of clinical CVD, the relationships between lipid
values and incident ischemic stroke were weak,8 and in the Eurostroke Project of 22.183
men and women, there was no relationship between cholesterol and cerebral infarction.8*
Interpretation of studies evaluating the relationship between cholesterol levels and risk of
ischemic stroke may be confounded by the types of ischemic stroke included in the analysis.

Most, but not all, epidemiological studies show an inverse relationship between HDL
cholesterol and stroke. HDL-C was inversely related to ischemic strokes in the Copenhagen
City Heart Study,! the Oyabe Study of Japanese men and women,28 middle-aged British
men,2? and middle-aged and elderly men in the Israeli Ischemic Heart Disease Study.1® In
the Northern Manhattan Stroke Study (NOMASS) that involved a multiethnic community,
higher HDL-C levels were also associated with reduced risk of ischemic stroke.20 In the
CHS study, high HDL-C was associated with a decreased risk of ischemic stroke in men but
not women,” and the ARIC Study did not find a significant relationship between HDL
cholesterol and ischemic stroke®. Five prospective cohort studies included in a systematic
review found a decreased risk of stroke ranging from 11% to 15% for each 10 mg/dL
increase in HDL cholesterol.98 The results of epidemiological studies that have evaluated the
relationship between triglycerides and ischemic stroke are inconsistent, in part because some
have used fasting levels and others non-fasting levels. Fasting triglyceride levels were not
associated with ischemic stroke in the ARIC study®. Triglycerides did not predict the risk of
ischemic stroke among healthy men enrolled in the Physicians’ Health Study.314 Similarly,
in the Oslo study of healthy men, triglycerides were not related to the risk of strokel’ In
contrast, a meta-analysis of prospective studies conducted in the Asia-Pacific region found a
50% increased risk of ischemic stroke among those in the highest quintile of fasting
triglycerides compared with those in the lowest quintile.22 The Copenhagen City Heart
Study, a prospective, population based cohort study composed of approximately 14.000
persons, found that elevated non-fasting triglyceride levels increased the risk of ischemic
stroke in both men and women. After multivariate adjustment, there was a 15% increased
risk (95% ClI, 9 to 22%) of ischemic stroke for each 89 mg/dL increase in non-fasting
triglycerides. The hazard ratios for ischemic stroke among men and women with the highest
compared with the lowest non-fasting triglycerides were 2.5 (95%Cl, 1.3 to 4.8) and 3.8
(95%Cl, 1.3 to 11), respectively.1! The 10-year risks of ischemic stroke were 16.7% and
12.2%, respectively, in men and women aged 55 years with triglyceride levels >443 mg/
dL1L, Similarly, the WHS found that in models adjusted for TC and HDL-C and measures of
insulin resistance, non-fasting triglycerides, but not fasting triglycerides, were associated
were associated with CV events, including ischemic stroke.24

Nutraceuticals and functional food ingredients that are beneficial to vascular health may
represent useful compounds that are able to reduce the overall cardiovascular risk induced
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by dyslipidaemia by acting parallel to statins or as adjuvants in case of failure or in
situations where statins cannot be used. The mechanisms underlying such actions are not
fully understood but may be related to reducing 7a-hydroxylase, increasing faecal excretion
of cholesterol, decreasing 3-hydroxy-3-methylglutaryl-CoA reductase mMRNA levels or
reducing the secretion of very low-density lipoprotein32:33

Our study has some strengths limitations. The main strengths are the proven track record of
the REGARDS study and the size and racial, ethnic and regional distribution of the study
participants. Also, in home pill bottle assessments were made and however, typical for
observational studies, smoking status, education level, income, and a history of heart disease
were ascertained by self-report, and currently only baseline measures are available, and
therefore changes over time cannot be assessed. Due to participant time constraints not all
measures could be fully explored such as limiting the telephone questionnaire to 45 minutes.

In conclusion, in a disease free population, LDL-C and non-HDL-C baseline levels are
significantly associated with the risk of ischemic stroke.
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Glasser et al.

Unadjusted and Adjusted HRs (95 CI) per Standard Deviation of Lipid Measurements

Table 2

Model 1

| Model 2

| Model 3

All Stroke (1031 events)

LDL-C

0.95 (0.89-1.02)

1.01 (0.95-1.08)

1.06 (0.99-1.13)

HDL-C

0.87 (0.81-0.93)%

0.91 (0.84-0.98)%

0.97 (0.90-1.04)

Triglycerides

1.07 (1.01-1.13)

1.09 (1.02-1.16)%

1.02 (0.96-1.09)

Total Cholesterol

0.92 (0.87-0.99)%

1.00 (0.94-1.07)

1.06 (0.99-1.13)

NonHDL-C ™

0.98 (0.92-1.04)

1.04 (0.97-1.11)

1.07 (1.01-1.15)

Ischemic Stroke (874 events)

LDL-C

0.96 (0.90-1.03)

1.02 (0.95-1.10)

1.08 (1.01-1.16)%

HDL-C

0.86 (0.79-0.92)%

0.89 (0.82-0.96)%

0.95 (0.87-1.03)

Triglycerides

1.10 (1.03-1.18)%

1.12 (1.04-1.20)%

1.05 (0.98-1.14)

Total Cholesterol

0.94 (0.87-1.01)

1.01 (0.94-1.09)

1.08 (1.00-1.17)

NonHDL-C ™

1.00 (0.93-1.07)

1.06 (0.99-1.14)

1.10 (1.03-1.18)%

Hemorrhagic Stroke (77 events)

LDL-C

0.91 (0.69-1.18)

1.01 (0.77-1.32)

1.02 (0.75-1.39)

HDL-C

0.84 (0.65-1.09)

1.05 (0.80-1.37)

1.09 (0.83-1.43)

Trigylcerides

0.80 (0.60-1.07)

0.76 (0.57-1.01)

Total Cholesterol

0.81 (0.62-1.06)

0.97 (0.73-1.27)

0.99 (0.72-1.34)

NonHDL-C ™

(
(
0.84 (0.64-1.10)
(
(

0.86 (0.66-1.13)

0.95 (0.72-1.24)

0.95 (0.71-1.28)

*
Non HDL-C = total cholesterol - HDL

}Signiﬁcant at the .05 level

Model 1: Unadjusted

Model 2: Adjusted for age, race, age*race, gender, education, region, and income
Model 3: Model 2 and addition adjustment for SBP, hypertensive medication use, lipid lowering medication use, smoking, atrial fibrillation, left
ventricular hypertrophy, history of heart disease, and diabetes

Abbreviations same as Table 1
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