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SUMMARY

Background—To examine the association of increased plasma leptin concentration with
prevalent stroke and coronary heart disease (CHD) and to examine the genetic contributions of
leptin to this association in the Jackson Heart Study cohort.

Methods—A cohort of 5170 participants aged 21-84 years who underwent Exam | during
2000-2004 was analyzed. Odds ratios (OR) of prevalent stroke and CHD were calculated using a
logistic regression model adjusted for age, smoking, hypertension and waist circumference (WC).
Variance component analysis was used to partition the phenotypic variance of leptin into the
polygenic and environmental components.

Results—The prevalence of stroke and CHD was 4.04% and 5.85% in women, and 4.88% and
8.92% in men, respectively. Body mass index (BMI) and WC were highly correlated with leptin
both in men and women. In multivariate analysis stratified by sex, leptin was significantly
associated with stroke (OR = 1.97, 95% CI 1.21-3.21) in women after adjustment for age,
smoking, systolic blood pressure, BMI and WC (p = 0.0079). No significant association was
observed in men. Heritability of sex-, age-adjusted log-transformed leptin for this cohort was
38.0% and 37.8% after further adjustment for WC and hypertension, respectively. In addition, a
sibship effect was also found to be significant and explained 12.2% of the total variance of leptin
(p =0.007).

Conclusion—There is a significant association of leptin with stroke in women, which is partly
influenced by the genetic factor. The findings suggest that leptinemia is an independent risk factor
for stroke in African American women.
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INTRODUCTION

Leptin, a circulating peptide hormone produced by adipocytes that regulates body weight by
decreasing appetite and increasing energy expenditure, may mediate several cardiovascular
manifestations through metabolic and neuroendocrine pathways on blood pressure.l In
experimental studies, leptin was found to activate sympathetic nervous system activity and
to alter kidney function, leading to elevation of blood pressure or hypertension.2:3 In human
studies, leptin was shown to be an important risk factor for cardiovascular disease (CVD)
associated with obesity. 1:4 Consistent with this notion are several large population-based
studies suggesting strong positive association between increased plasma leptin levels and
vascular complications, including hypertension, diabetes, coronary heart disease and stroke,
in Mauritian men of African or Indian , Japanese men and European populations.47 Results
from HERITAGE family study and Finnish Twin study indicated this positive association
was partly attributable to a strong familial effect on variation in plasma leptin levels.8:9
Although obesity and increased plasma leptin concentration have been correlated with
elevated blood pressure,2:3 relatively few studies have examined the relation of leptin to
CHD and stroke, especially in the African American population. Recent data analyses from
the Jackson Heart Study (JHS) 2000-2004, a population-based CVD study in an African
American cohort, demonstrated higher prevalence of hypertension, metabolic syndrome,
coronary heart disease (CHD) and stroke.10:11 In addition, increased plasma leptin
concentration has been reported to be favorably associated with vascular function only in
obese Caucasians, not in obese Africans.12 However, the role of leptin in the pathogenesis
of obesity-related CHD and stroke in the African American population remains undefined.

Despite the growing literatures showing the association between obesity and leptin as well
as between leptin and hypertension, the etiological mechanisms in the relationships of leptin
to CHD and stroke in African Americans are still unclear. The aims of this study were to
assess the cross-sectional relationships of leptin to CHD and stroke in the JHS cohort, and to
determine whether the variability of leptin is due to shared genetic or common
environmental factors.

METHODS

Study Sample

The JHS is a prospective population-based investigation of the predictors and outcomes of
CVD and related disorders among African-Americans. The original design and sampling
plan for the JHS has been previously described. 13 Briefly, the JHS cohort was assessed
during the first clinic exam (September 2000 to March 2004) and comprised 5301
participants in total, consisting of 5035 adults aged 35-84 years, and an additional 251
participants aged 21-34 years and 15 subjects aged > 85 years. The latter group entered the
study to increase the power of JHS Family component. The final age range was 21 to 94
years.14:15 We have excluded participants who did not have the plasma leptin measurement
from this analysis. The final sample size of this study was 5,170. The study was approved by
the Institutional Review Board of the participating institutions: the University of Mississippi
Medical Center, Jackson State University and Tougaloo College. All of the participants
provided informed consent.

Risk Factors and Covariate Assessment

The standard examination included a home interview and clinic visit, a physical examination
and laboratory tests. Sociodemographic, lifestyle/risk factors (including extensive dietary
and physical activity information), psychological parameters and history of health care
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provider-diagnosed cardiovascular conditions as well as other data were obtained through
standard procedures using questionnaires.

Body mass index (BMI), defined as weight (in kilograms) divided by the square of height
(in meters), was measured at the baseline examination. Two measures of waist
circumference (WC) were taken at the level of the umbilicus on each participant and
averaged to determine baseline WC. Fasting blood samples were collected according to
standardized procedures and the assessments of plasma glucose, lipids and leptin were
processed at the Central Laboratory (University of Minnesota) as described in previous
publications.14:15 Leptin was analyzed with Human Leptin RIA kit (LINCO Research, St.
Charles, MI) and the acceptable coefficients of variation is 10%. Low-density lipoprotein
(LDL) was calculated according to the following formula: LDL = total cholesterol —
(triglycerides/5) - HDL. If the triglyceride level was >10.36 mmol/L, LDL was not
calculated and reported as a missing value. The average of two sitting blood pressure,
measured at 5-minute intervals, was used for analysis. Subjects were considered current
smokers if they smoked at the time of the interview. The alcohol status was YES if they
drank in past 12 month. In addition, ATP Il definition was used to define the presence of
metabolic syndrome. The presence of type 2 diabetes mellitus (diabetes) was determined by
a measured fasting glucose > 6.93 mmol/L, a history of physician-diagnosed diabetes or the
use of hypoglycemic medications (self-reported or actual). Subjects were considered to be
hypertensive if they were taking antihypertensive medications (actual or self-reported), self-
reported a diagnosis of hypertension, and/or if their systolic pressures were > 140 mm Hg or
diastolic pressure > 90 mm Hg.

Definition of CHD and Stroke

Prevalent CHD was defined as evidence of a previous myocardial infarction by ECG based
on Minnesota Code criteria (Codes 1.1 and 1.2 plus 4.1-4.2, or 5.1-5.2) or history of
physician-diagnosed myocardial infarction, percutaneous coronary intervention or coronary
bypass surgery. The definition of stroke was based on the history of stroke (by personal
history, stroke signs and symptoms ascertained by standardized questionnaires), transient
ischemic attack or carotid endarterectomy and/or angioplasty. Details of these procedures
have been described previously.16

Statistical Analysis

Due to differences in the distribution of plasma leptin concentration in our cohort, all
analyses were sex-specific. Within each sex, leptin and insulin were normalized by
logarithmic transformation and the central tendency and spread represented by the median
and interquartile ranges. For each individual risk factor, the student unpaired t-test was
carried out for the significance of the difference between men and women. The relationships
between log-leptin and individual cardiovascular risk factors including BMI, WC,
triglyceride, LDL-C, HDL-C, fasting plasma glucose, blood pressure were assessed by
calculating partial correlation coefficients adjusted for age. A logistic linear regression
model was used to assess the association of either CHD or stroke as dependent variables
with log-leptin, BMI, WC, fasting plasma glucose, blood pressure, smoking and
hypertension as independent variables. Log-leptin was included in the models as a
dichotomous variable (high leptin defined as > 3™ quartile of cohort distribution vs. not
high leptin as < 3 quartile). The analyses excluded persons with missing values for leptin.
A 95% confidence interval (95% CI) for odd ratio that did not include 1 (p < 0.05) was
considered to indicate statistical significance. All analyses were performed using the SAS
version 9.2 (SAS Institute Inc., Cary, North Carolina).
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Heritability Analysis

A variance components analysis was used to partition the phenotypic variance of leptin into
additive polygenic and environmental variance components. This tested whether correlations
among family members for leptin might solely be environmental or genetic. In this way,
heritability for leptin was estimated and adjusted for age, sex, smoking, WC and
hypertension to ascertain evidence of genetic control of leptin. The ASSOC program in
S.A.G.E. v.5.4.0 was used to estimate the heritability (h?) of leptin, the ratio of the polygenic
variance to the total variance. A spousal effect (an effect common to the parents of a child or
children), a nuclear family effect (an effect common to all members of the same nuclear
family) and a sibship effect (an effect that full siblings share with each other, thus allowing
for dominance variance and common sibling environmental variance) were also considered
in the analysis.

RESULTS

The sex-specific descriptive statistics of BMI, WC, plasma leptin and glucose, lipid profiles,
smoking/drinking status, hypertension, diabetes and metabolic syndrome were demonstrated
in Table 1 according to the presence or absence of CHD and stroke. Women had
significantly higher levels of plasma leptin compared to men (p=0.0001). With
cardiovascular outcomes, women also had higher levels of HDL-C, fasting insulin but lower
diastolic blood pressure than men. No significance was found in plasma glucose, TG, LDL-
C and systolic blood pressure between men and women. However, it is noteworthy that the
prevalence of hypertension, diabetes and metabolic syndrome in women was higher than in
men. To illustrate the relationship between leptin and the risk factors, age-adjusted partial
correlations between leptin and BMI, WC, glucose, triglyceride, LDL-C, HDL-C, systolic
and diastolic blood pressure were presented in Table 2. As expected, log-leptin was
correlated positively with cardiometabolic risk factors including BMI, WC, fasting insulin,
glucose and triglyceride, but negatively with HDL-C levels both in men and women. A
correlation of log-leptin with systolic and diastolic blood pressure was only observed in
men.

In a logistic regression analysis, high leptin level was significantly associated with stroke in
women. After adjustment for age, smoking, BMI, WC and HTN, the association still
remained significant. No significant association was observed between leptin and CHD both
in men and women (Table 3).

Heritability was used to summarize overall familiarity, the extent of the effect of familial
factors on variation of leptin. The heritability estimate for leptin explained 38% of total
familial variance after adjusting for age and sex. This analysis was repeated and further
adjusted for WC and hypertension. The heritability of leptin was slightly changed, which
explained 37.8% of total familial variance (p value < 0.0001). In addition to the polygenic
component, an extra sibship variance component was also found to be significant,
explaining 12.2% of the total variance of leptin (p = 0.007) as a cohort effect. No
significance of nuclear family or spouse effect was found in this analysis.

DISCUSSION

This study examined the association of leptin with CHD and stroke in a population-based
cohort of African American men and women. The principle findings were that leptin was a
significant cardiovascular risk factor for stroke in African American women independent of
traditional cardiovascular risk factors. In addition, leptin was demonstrated to be a highly
heritable factor, resulting from the effects of polygenic and sibship components in the JHS
cohort.
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CHD and stroke are the leading causes of the death and disability among adults in the US.17
Even though the cerebral and myocardial vasculatures are different,18 the occurrence of
CHD and stroke are related to common traditional cardiovascular risk factors such as
smoking, obesity, hypertension and diabetes. Therefore, it could be expected that the
potential mechanisms that stimulate the development of stroke and CHD would be similar
for these two diseases. However, studies demonstrated that changes and levels of rates in
these two diseases were not similar for their patterns in the populations, suggesting the
fundamental elements that determine the diseases may be more complex.19:20 In addition to
the supportive evidence that higher incidence of CHD and stroke is correlated with the
higher prevalence of obesity,21 the mechanism by which obesity results in higher incidence
of stroke and CHD has not been fully explained.

Generally, women have higher fat percentages and therefore the increased leptin secreted
may contribute to the development of CVD via its effects on blood pressure, insulin
sensitivity, abnormal homeostasis and impaired fibrinolysis, which are features of insulin
resistance and obesity.1:4:22 Gender-specific associations of leptin with diabetes, CVD and
stroke had been reported in several epidemiological studies 5: 22727 However, results from
prior studies were slightly not consistent due to the differences in sample size, geographical
location and ethnic groups. The current analysis from the JHS, a largest population-based
CVD study in African American cohort, demonstrated that leptin is a risk factor for stroke in
African American women, independent of age, smoking, obesity status and hypertension.
This sex-specific difference was also observed in recent JHS results in the prevalence of
abdominal obesity, hypertension and metabolic syndrome that significantly related to the
sex-specific prevalence of CHD and stroke.11 Several possible mechanisms proposed that
could contribute to a sex-specific difference in association between leptin and CVD,
including the difference in leptin signaling pathway in the central nervous system,28 the
effect of sex hormones29 and perhaps most importantly, a sex-specific relationship between
leptin, insulin resistance and the resulting hyperinsulinemia in the development of CVD.27

Approximate heritability estimates of 38% in the families of the JHS cohort were consistent
with a previous report in the African American population by another group.30 This high
heritability estimate was significant for leptin even after adjustments for age, sex, WC and
hypertension, suggesting that the association between leptin and stroke is partly explained
by the genetic influence. In addition to the polygenic component, a sibship effect was also
found to be significant and might be understood as a cohort effect. The results indicated that
leptin at any ages, gender and obesity levels were substantially determined by genetic
background, which link leptin to CVD in this cohort.

There are several strengths of the present study. First, standardized laboratory and the
analytical protocols were utilized. Second, it is a well-characterized cross-sectional study of
a large population-based cohort of African Americans. This provided an opportunity to
characterize the contribution of leptin as a contemporaneous factor as well as traditional risk
factors of CHD and stroke. Furthermore, this study demonstrated the leptin was a possible
cardiovascular risk marker of CVD in African Americans. It should be noted that the mean
plasma leptin concentration was much higher than previously reported from NHANES IlI
data, 6 especially among women. This is partly due to the fact that our study sample has a
higher prevalence of obesity.11 But to some extent, the genetic factors exert their impact on
the association between increased plasma leptin concentration and CHD or stroke in this
cohort.

The principal limitation of this analysis is the use of cross-sectional data, necessitated by the
use of the initial data from a new cohort. Thus, causal pathways underlying the observed
relationships cannot be inferred. Also, the prevalence of stroke in the present analysis is
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mainly based on self-report that may reduce its actual prevalence and are subject to memory
recall bias, potentially underestimating the prevalence of the diseases. Finally, although an
association between leptin and stroke was not found to be statistically significant in men,
ORs were similar to the women (1.97 for women vs. 1.70 for men). This is likely due to a
lack of study power because sample size for women (n = 2928) was much larger than the
men (n = 1643). This limitation may weaken the opportunity to find any statistically
significant association in men.

In conclusion, this study demonstrated leptin was a statistically significant risk factor of
stroke in women and a potential clinically significant risk factor of stroke in men
independent of traditional CVD risk factors. The relationship between leptin and stroke was
extensively influenced by heritable factors. The findings coming out from this study may
contribute to more wide-spread clinical application of leptin evaluation as a risk for CVD.
Future studies are warranted to elucidate the relationship of leptin and cardiovascular
disease outcomes in African Americans. As these new studies clarify leptin’s role in CVD,
more powerful genome wide association scans for specific genes and gene variants can be
examined and evaluated in tandem.
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Age-Adjusted Partial Correlation of log-Leptin to Individual Cardiovascular Risk Factors

Variables Men (n=1906) Women (n=3264)
r p value r p value
BMI 0.73 0.0001 0.65 0.0001
wcC 0.77 0.0001 0.61 0.0001
LDL-C 0.10 0.0001 0.06 0.0009
HDL-C —-0.27 0.0001 -0.10  0.0001
TG 0.25 0.0001 0.10 0.0001
Glucose 0.17 0.0001 0.08 0.0001
Log insulin 059 0.0001 0.42 0.0001
SBP 0.11 0.0001 0.01 0.45
DBP 0.08 0.0005  0.008 0.66

BMI indicates body mass index; WC, waist circumference; LDL-C , low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol; TG, triglyceride; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 3
Association of Stroke or Coronary Heart Disease with Leptin Adjusted for Other CVD Risk Factors in Men or
Women”
Models and Adjustment Stroke CHD
OR (95% Cl) OR (95% Cl)
Women High Leptin 1.68 (1.18-2.33)** 0.92 (0.68-1.25)

Adjusted for age
Adjusted for SBP

Adjusted for Age, SBP, Smoking, Glucose, BMI, WC

1.91 (1.34-2.72)"
1.78 (1.23-2.58)"

)**

1.97 (1.21-3.21

*

1.05 (0.77-1.43)
0.83 (0.61-1.13)

0.96 (0.66-1.39)

Men

High Leptin

Adjusted for age

Adjusted for SBP

Adjusted for Age, SBP, Smoking, Glucose, BMI, WC

1.98 (0.69-5.67)
1.66 (0.65-4.91)
1.59 (0.55-4.59)
1.70 (0.51-5.68)

1.00 (0.36-2.85)
0.90 (0.31-2.62)
0.80 (0.81-2.30)
0.72 (0.23-2.23)

BMI indicates body mass index; WC, waist circumference; SBP, systolic blood pressure.

*
OR (odds ratio) and its 95% confident interval are calculated for stroke and CHD.
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p < 0.0001;

p <0.001.
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