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Abstract

Background: Genetic variation of the estrogen receptor a (ESR1) and 8 (ESR2) has been associated with compo-
nents of the metabolic syndrome.

Methods: The relationships of two ESR1 (rs2234693 and rs9340799) and three ESR2 (rs1271572, rs1256049, and
rs4986938) polymorphisms with the metabolic syndrome were examined in 532 Caucasian female participants
(median age 63.1 years) in the Women’s Health Study. Most women (99.1%) were postmenopausal. The associa-
tions between ESR1 and ESR2 genotypes and haplotypes with the metabolic syndrome were evaluated. Effect
modification by hormone therapy was also assessed.

Results: Genotype and haplotype distributions were similar between women with and without metabolic syn-
drome. We found no consistent associations between the genotypes and haplotypes tested and the metabolic
syndrome, or its components, in logistic regression models. No effect modification by hormone therapy use was
noted.

Conclusions: No association between these genetic variants in ESR1 and ESR2 and the metabolic syndrome was
observed among these Caucasian women. Further investigation regarding the potential involvement of estrogen

receptor genes and the metabolic syndrome may be warranted in other ethnic groups.

Introduction

ETABOLIC SYNDROME IS A highly prevalent condition

that is associated with substantially increased risk
of type 2 diabetes mellitus and cardiovascular disease.?
Although multiple definitions havebeen proposed, according
to the Adult Treatment Panel III (ATP III) definition, the met-
abolic syndrome is characterized by three or more of the fol-
lowing: abdominal obesity, elevated triglycerides, low levels
of high-density lipoprotein cholesterol (HDL-C), high blood
pressure, and elevated fasting glucose.* Postmenopausal
women have a high prevalence of metabolic syndrome,*
and some studies suggest that the prevalence is higher in
middle-aged women than middle-aged men.5¢ In addition,
metabolic syndrome may be associated with greater cardio-
vascular risk in women than in men.

Because the metabolic syndrome is a cluster of conditions,
each of which has been associated with risk of cardiovascu-
lar disease (CVD), candidate genes previously implicated in
the pathophysiology of CVD may represent potential can-
didates for metabolic syndrome. Prior genetic variation of

the estrogen B receptor gene (ESR2) has been associated
with risk of CVD, particularly myocardial infarction, in
the Women’s Health Study.” Furthermore, endogenous es-
trogen levels have been linked to several components of the
metabolic syndrome, including glucose tolerance, lipid me-
tabolism, and blood pressure.’® Free estradiol levels were
significantly higher among women with the metabolic syn-
drome than in women without metabolic syndrome in two
separate studies.!!!

Estrogens exert their actions through two specific recep-
tors, the estrogen receptor a (ER-o) encoded by ESR1 on
chromosome 6q25.1 and ER-B encoded by ESR2 on chromo-
some 14q23.2. In animal models, ER-a knockout mice have
insulin resistance, impaired glucose tolerance, and obesity,
indicating that variation in estrogen receptor signaling may
have relevant metabolic effects.!” Studies in postmenopausal
women have found associations between estrogen receptor
genes (ESR1 or ESR2) and the metabolic syndrome compo-
nents, particularly obesity and dyslipidemia.’*"¢ Significant
associations between ESR1 and ESR2 and metabolic
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syndrome have been reported in younger populations, as
well as African American and Chinese populations'”%; how-
ever, postmenopausal or older women have not been specif-
ically examined. Recently, ESR1, particularly intron 1 and
introns 4-6, has been linked to type 2 diabetes mellitus.!62
On the basis of these prior reports, we tested the relation-
ship between metabolic syndrome and two ESR1-estrogen
receptor polymorphisms (rs2234693 and rs9340799) and
three ESR2-estrogen receptor polymorphisms (rs1271572,
rs1256049, and rs4986938) in a sample of 532 predominantly
postmenopausal, Caucasian women.

Materials and Methods
Study design

Study participants were enrolled in the Women’s Health
Study (WHS), a recently completed, randomized, double-
blinded, placebo-controlled trial of low-dose aspirin and
vitamin E initiated in 1992 among 39,876 female, predom-
inantly Caucasian, U.S. female health professionals, 45-89
years of age at study entry.?? All participants were free
of prior myocardial infarction, stroke, transient ischemic
attacks, cancer, or any serious illness that might preclude
participation at study entry.?® Women enrolled in the WHS
completed a baseline questionnaire, which included ques-
tions on demographics (age, race, marital status, and level of
education), health characteristics/behaviors (height, weight,
alcohol use, smoking status, physical activity, hormone ther-
apy use), menopausal status (age at menopause and type of
menopause), and past medical history (history of hyperten-
sion, diabetes mellitus, elevated cholesterol, and use of cho-
lesterol drugs). Women were considered postmenopausal if
they were either age 60 years or older or reported perma-
nent cessation of menstrual periods due to natural meno-
pause, complete oophorectomy, radiation, or chemotherapy.
At baseline, participants also completed a 131-item semi-
quantitative food frequency questionnaire as previously
described.” Nutrient intake assessments based on this food
frequency questionnaire have been previously shown to be
valid and reliable.*

We evaluated data from a subset of women who were
previously selected as controls for a nested case-control
study of CVD within the WHS.*? We excluded women
with baseline diabetes (1 = 20) and those with incomplete
data for ESR1 and ESR2 genotypes, leaving 532 Caucasian
women who were assessed for presence or absence of met-
abolic syndrome. In secondary sensitivity analyses using
updated criteria that included diabetes as a metabolic syn-
drome component, we included the 20 women with type
2 diabetes mellitus (T2DM) at baseline. The Brigham and
Women'’s Hospital Institutional Review Board approved the
study protocol for Human Subjects Research.

Exposure variables

The primary outcome was metabolic syndrome status,
which was defined according to a modified version of the
National Cholesterol Education Program ATP III guide-
lines. The ATP III definition includes the presence of =3 of
the following: increased waist circumference (=88 cm for
women), elevated blood pressure (>130 mmHg systolic or
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>85 mmHg diastolic) or treatment for high blood pressure
(BP), abnormal glucose metabolism as identified by a fast-
ing blood glucose level of 100 mg/dL or higher.? Due to the
inability to measure baseline fasting blood sugar and waist
circumference in this cohort, we used a modified definition
of metabolic syndrome, which has been a previously val-
idated and shown to predict cardiovascular outcomes in
this cohort.? In addition, this modified definition resulted
in nearly identical rates of metabolic syndrome among
women in the WHS compared with National Health and
Nutrition Examination Survey (NHANES) data using ATP
III in the same time period.? Because waist circumference
was not available at baseline, we used a cut point for obe-
sity of body mass index (BMI) =26.7 kg/m?. This value cor-
responded to the same percentile for BMI as did a waist
circumference of 88 cm when it was measured at year 6
of follow up in the WHS. A Spearman correlation of 0.96
between self-reported and measured weights was found
in validation study with a similar cohort of female health
professionals.?

Because fasting glucose levels were not available, we used
a diagnosis of diabetes during follow up to identify impair-
ment of glucose metabolism. The diagnosis of diabetes was
determined by self-report on the basis of annual question-
naires. The high validity of self-reported diabetes has been
previously shown in the WHS.?® Triglycerides and HDL-C
levels were measured directly using stored baseline blood
samples (Roche Diagnostics, Indianapolis, IN). We used self-
reported blood pressure levels, and defined elevated blood
pressure according to ATP III criteria: =130/85 mmHg. Self-
reported blood pressure has been shown to be highly corre-
lated with measured systolic and diastolic blood pressures
in health professionals.”

Genotype determination

Two single-nucleotide polymorphisms (SNPs) in the ESR1
gene (rs2234693 and rs9340799) and three SNPs in the ESR2
gene (rs1256049, rs4986938, and rs1271572) were evaluated.
Both ESR1 polymorphisms are in intron 1 and are separated
by only 46 base pairs. The rs2234693 polymorphism is char-
acterized by a T—»C transition 397 nucleotides upstream in
the intron (also known as c.454-497T—C) that obliterates
the Poull restriction site. The T allele has previously been
called the p allele, whereas the C allele has been called the
P allele, denoting the absence of the Poull restriction site.
The rs9340799 polymorphism marks an A—G transition
351 nucleotides upstream in intron 1 (also known as c.454-
351A — G). Those with the G allele have an absent Xbal site
that was previously called X in the literature, with the A
allele denoted by x.

Of the three ESR2 polymorphisms, two were previously
described by Rosencranz® rs1256049 which represents a
relatively rare G—A change at position 1082 in exon 5 (Rsal
restriction site, also known G1082A) and rs4986938 which
is a G—A change at position 1730 in the 3'-untranslated
region (3'-UTR) of exon 8 (Alul restriction site, also known
as G1730). Additionally, rs1271572, an A—C transposition in
the promoter region, was selected due to possible functional
status.

Genotype determination was performed using an ABI
fluorescence-based allelic discrimination method (Applied
Biosystems, Foster City, CA). Each 10-mL amplification
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reaction volume contained 1X Tagman Universal Master Mix
(Applied Biosystems, Foster City, CA) and 10 ng of template
DNA. Amplification reactions were carried out in duplicates
on an ABI 7900HT Sequence Detection System according to
the manufacturer’s specifications.

To confirm genotype assignment, two independent
observers carried out scoring. Discordant results (1% of all
scoring) were resolved by a joint reading, and, where neces-
sary, a repeat genotyping.

Statistical analysis

The distribution of baseline characteristics according to
the metabolic syndrome status was examined. On the basis
of nonparametric distribution, all continuous variables were
examined by the Wilcoxon rank-sum test, whereas the chi-
squared test was used for categorical variables. We calculated
genotype and allele frequencies and performed a Hardy-
Weinberg equilibrium test using chi-squared analysis. The
association between ESR1 and ESR2 genotypes and the met-
abolic syndrome was also examined using the chi-squared
test. In addition, crude and multivariate logistic regressions
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were performed to investigate the relationship between
genotypes and metabolic syndrome. Additional adjustment
for age at randomization, age at menopause, smoking status
(never, past and current), physical activity (rarely/never to
<1/week and 1-3/week to >4/week), and hormone replace-
ment therapy use (yes/no) was also performed. A number of
covariates (alcohol and red wine consumption; total intakes
of carbohydrate, protein, saturated, monounsaturated and
polyunsaturated fat [all of them adjusted by energy]; edu-
cational level, marital status and income] which could be,
associated with metabolic syndrome or had a p value chi-
squared test <0.2 were evaluated. According to these crite-
ria, the following covariates were included in the regression
model using the forward stepwise method?* alcohol con-
sumption (=3 drinks/month, 1 drink/week to =1 drink/
day), total fat adjusted for energy intake (continuous), and
educational level (=3 years of college, =4 years of college).
All analyses were conducted assuming an additive domi-
nantand recessive mode of inheritance. Potential interactions
between hormone use and ESR1 and ESR2 genotypes were
tested using a formal interaction term (genotype X hormone
use). Subgroup analysis stratified by hormone replacement

TaBLE 1. BASELINE CHARACTERISTICS OF 532 APPARENTLY HEALTHY CAUCASIAN WOMEN WITH AND WITHOUT
METABOLIC SYNDROME IN THE WOMEN’S HEALTH STUDY
Metabolic syndrome® No metabolic syndrome®

Characteristics (n=133) (n = 399) P
Median age (IQR)* 63.9 (59.4-67.7) 62.8 (57.4-679) 0.39
Median age at menopause (IQR)* 49 (45-52) 49 (44-52) 0.53
Median BMI (IQR) 28.5 (26.6-30.2) 23.7 (21.7-25.8) <0.0001
BMI = 26.7 kg/m? (%) 73.7 16.0 <0.0001
Blood pressure = 130/85 mmHg (%) 82.7 17.3 <0.0001
Diabetes during follow up (%) 9.0 1.3 <0.0001
Triglycerides = 150 mg/dL 79.0 23.6 <0.0001
HDL < 50 mg/dL (%) 90.2 32.1 <0.0001
Hormone use (%)

Never 36.1 32.8

Past 29.3 21.1

Current 34.6 46.1 0.04
Smoking status (%)

Never 43.6 41.6

Past 33.8 37.8

Current 22.6 20.6 0.70
Alcohol (%)

Rarely/never 51.1 454

1-3 drinks/month 12.8 15.3

1-6 drinks/week 23.3 28.1

=1 drink/day 12.8 11.3 0.54
Exercise (%)

Rarely/never 429 381

<1/week 18.8 18.8

1-3/week 29.3 29.1

=4/week 9.0 14.0 0.47

°IQR is interquartile range (25th to 75th percentile).

PMetabolic syndrome was defined as =3 with the following criteria: BMI =26.7 kg/m?, triglycerides =150 mg/dL, high-density
lipoprotein-cholesterol =50 mg/dL, blood pressure =130/85 mmHg, self-reported diabetes diagnosis at follow-up. P values were
obtained from the Wilcoxon rank-sum test (nonparametric) for continuous variables and chi-squared for categorical variables.

Abbreviations: IRQ, interquartile range; BMI, body mass index; HDL, high-density lipoprotein.
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therapy use was also performed. The association of each
component of the metabolic syndrome with ESR1 and ESR2
polymorphisms was also performed. Pairwise linkage dis-
equilibrum (LD) was examined as described by Devlin
and Risch.*® Haplotype frequencies were calculated with
HAPSTAT software (http://www.bios.uncedu/~lin/ soft-
ware). Only haplotypes with a frequency of 10% or higher
were considered in our analyses. For each odds ratio, we cal-
culated 95% confidence intervals (Cls). A two-tailed p value
of 0.05 was considered to represent a statistically significant
result. All statistical analyses were conducted with the use
of SAS software (version 9.1; SAS institute, Cary, NC).

Results

The baseline characteristics of the 532 healthy women,
without known cancer, CVD (myocardial infarction, revas-
cularization, or ischemic stroke), or diabetes, according to
the metabolic syndrome status are shown in Table 1. Overall,
the prevalence of the metabolic syndrome was 25%. Among
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those with metabolic syndrome, 73.3% had BMI =26.7kg/
m? compared with 16.6% of women without metabolic syn-
drome, p < 0.001 (Table 1).

Allele frequency did not differ according to metabolic
syndrome status for ESR1 or ESR2 polymorphisms (Table 2).
The rs2234693 genotype (ESR1) and the rs4986938 genotype
(ESR2) frequencies were in Hardy-Weinberg equilibrium
(p = 0.06 and p = 0.22, respectively). No associations were
observed between the metabolic syndrome and any of the
ESR1 or ESR2 genotypes (Table 2).

In logistic regression analyses, no significant associations
were found with the metabolic syndrome for any polymor-
phisms using additive (Table 3) dominant or recessive genetic
models (data not shown). Further adjustment provided null
findings. No effect modification by hormone use was found
in stratified analyses or in tests of formal interaction terms
between hormone use and ESR1 or ESR2 genotypes. We also
assessed the association with each individual component of
the metabolic syndrome and we did not find any significant
associations (data not shown).

TABLE 2. ALLELE AND GENOTYPE DISTRIBUTION ACCORDING TO PRESENCE OR ABSENCE OF METABOLIC
SYNDROME IN 532 APPARENTLY HEALTHY CAUCASIAN WOMEN IN THE WOMEN’S HEALTH STUDY

Metabolic syndrome No metabolic syndrome pr

ESR1
rs2234693°

TT 28.2 32.6

TC 46.8 449

CC 25.0 22.6 0.65

T 0.52 0.55

C 048 045 0.35
rs9340799

AA 46.4 48.2

AG 384 37.6

GG 15.2 14.3 0.93

A 0.66 0.67

G 0.34 0.33 0.69
ESR2
rs12715722

TT 35.0 314

TC 48.0 55.5

CcC 171 13.1 0.31

T 0.58 0.60

C 041 041 0.95
rs1256049

AA 93.8 91.8

AG 54 77

GG 0.8 0.50 0.66

A 097 0.96

G 0.03 0.04 0.55
rs4986938

AA 32.8 35.1

AG 51.2 50.5

GG 16.0 144 0.86

A 0.58 0.60

G 042 0.40 0.59

rs2234693 and rs4986938 genotype distributions were in Hardy-Weinberg equilibrium.

P values chi-squared test.
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TaBLE 3. ObDDS RATIOS FOR THE METABOLIC SYNDROME IN 532 APPARENTLY HEALTHY CAUCASIAN WOMEN
IN THE WOMEN’s HEALTH STUDY ACCORDING TO ESR1 AND ESR2 GENOTYPES
Multivariate adjusted
Age-adjusted odds ratio®
odds ratio (95% CI) pb (95% CI) P

ESR1

1s2234693 1.14 (0.86-1.5) 0.36 1.12 (0.85-1.49) 043

rs9340799 1.06 (0.80-1.41) 0.67 1.03 (0.78-1.38) 0.82
ESR2

rs1271572 1.01 (0.74-1.38) 0.96 1.04 (0.76-1.42) 0.81

rs1256049 0.79 (0.39-1.63) 0.53 0.71 (0.34-1.47) 0.35

rs4986938 1.09 (0.81-1.47) 0.58 1.06 (0.78-1.44) 0.71

Each polymorphism in separate model.

“Multivariate adjustment by age, hormone therapy use, exercise, smoking status, and educational level.

Abbreviation: CI, confidence interval.

Moderate LD was found between rs1256049 and rs4986938
(normalized Lewontin D’ values = 0.77), whereas weak LD
was observed for the other two ESR2 associations. Strong
LD was observed between the ESR1 polymorphisms (nor-
malized Lewontin D' = 0.96).

ESR1 and ESR2 haplotype distributions are shown in
Table 4. In logistic regression analyses based on those hap-
lotypes with =10% of frequency, no significant associations
were found with metabolic syndrome (Table 5). Additional
formal interaction terms between hormone use and ESR1 or
ESR2 haplotypes did not alter our results (data not shown).
Furthermore, in sensitivity analyses, we included women
with diabetes mellitus at baseline and did not find any sig-
nificant change in our findings.

Discussion

Although prior studies'!”” have suggested an association
between several polymorphisms in the ER-a and ER-B genes
and metabolic syndrome or its components, we found no
consistent relationship between the tested ESR1 and ESR2
polymorphisms and metabolic syndrome in Caucasian
postmenopausal women. Two prior studies have found

significant associations between specific ESR1 and the ESR2
polymorphisms and metabolic syndrome in younger or mid-
dle-aged women, as well as in specific ethnic populations.”"
Gallagher et al,, using a family-based approach, found that
several polymorphisms of ESR1, including the ones that we
tested, were associated with metabolic syndrome or its com-
ponents in African Americans."” Specifically, the rs9340799
G allele was associated with increased risk of metabolic syn-
drome, but not with individual metabolic traits. In contrast,
the rs2234693 C allele was associated with reduced insulin
sensitivity.” The relationships between the components
of metabolic syndrome and estrogen receptor genes were
also evaluated in The Study of Women’s Health Across the
Nation (SWAN) Genetics Study, a community-based sample
of perimenopausal African-American, Caucasian, Chinese,
and Japanese women aged 42-52 years, who were not using
exogenous hormones." Statistically significant relationships
between ESR2 rs1256030 and metabolic syndromeas well
as HDL-C were observed in Chinese women,'® but not in
Caucasian women or other ethnic groups.

Similar to the lack of association among Caucasian
women reported by the SWAN study," we did not observe
any association of the tested ESR1 and the ERS2 genotypes

TaBLE 4. ESR1 AND ESR2 HAPLOTYPE DISTRIBUTIONS ACCORDING TO METABOLIC SYNDROME STATUS

Haplotype frequency % Metabolic syndrome No metabolic syndrome p
ESR1

T-A 50.6% 54.5%

GG 33% 32.5%

C-A 15% 12.4% 0.05
ESR2b

T-G-G 30.9% 29.7%

G-G-A 34.3% 29.2%

G-G-G 23.9% 26.7% 0.001

2P permuted over 100 iterations.

G represents the major allele at each site: rs1271572, rs1256049, rs4986938; A denotes minor allele at sites
151256049 and rs4986938; and T denotes minor allele at rs1271572. Remaining possible haplotypes with =10%

frequency were not considered.
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TaBLE 5. ODDS RATIOS FOR METABOLIC SYNDROME IN 532 APPARENTLY HEALTHY CAUCASIAN
WOMEN IN THE WOMEN’s HEALTH STUDY, ACCORDING TO ESR1 AND ESR2 HAPLOTYPE,
AND ASSUMING AN ADDITIVE MODEL

Odds ratio, unadjusted
(95% CI) P

ESR1 (rs2234693, rs9340799)

T-A Referent (1.0)

C-A 1.27 (0.82-1.96) 0.28

C-G 1.08 (0.79-1.48) 0.64
ESR2 (rs1271572, rs1256049, and rs4986938)

T-G-G? Referent (1.0)

G-G-G 0.85 (0.55-1.31) 0.46

G-G-A 1.13 (0.79-1.60) 0.51

Remaining possible haplotypes with =10% frequency were not considered.

G denotes major allele at each site: rs1271572, rs1256049, and rs4986938; A denotes minor allele at sites
151256049 and rs4986938; and T denotes minor allele at rs1271572.

Abbreviations: OR, odds ratio; CI, confidence interval.

and haplotypes with metabolic syndrome or its compo-
nents in our sample of Caucasian postmenopausal women.
The lack of significant findings in our study could be partly
due to differences in sample size, age, and race/ethnicity.
The prevalence of metabolic syndrome in our population
was similar to that of women in NHANES during the same
time period.*! However, since that time period, rates of met-
abolic syndrome have increased markedly in the United
States.! In our study, we had the ability to detect a risk ratio
of greater than 1.60 with a minor allele frequency of 0.50,
and a risk ratio greater than 2.30 with a minor allele fre-
quency of 0.05 (assuming 80% power, and additive model,
and « of 0.05) Thus, we cannot rule out a modest risk of
metabolic syndrome associated with the polymorphisms/
haplotypes tested. We did not have other ESR1 or ESR2 loci
available and thus cannot exclude the possibility that exam-
ination of different polymorphisms/loci might obtain dif-
ferent results.

The candidate gene approach relies on prior knowl-
edge of biological pathways and associations of the candi-
date gene with the phenotype of interest. In recent years,
genome-wide association studies of common, complex dis-
eases have become available, and have provided insights
in the underlying pathophysiological mechanisms of sev-
eral common disorders. Unfortunately, to date, no large
genome-wide association investigations have been con-
ducted in relation to metabolic syndrome, thus, highlight-
ing the need for large-scale, prospective studies in this
important clinical condition. In this context, in addition
to the candidate gene set described here, the Women’s
Genome Health Study project® will eventually include
full genome-wide scan data (estimated completion end of
2008). Thus, more detailed results regarding other poten-
tial genetic predispositions to metabolic syndrome are
expected in future analyses. Of note, the present investiga-
tion (the study population® and the ESR1-ESR2 genotyp-
ing) was carried out prior to the initiation of the Women’s
Genome Health Study project.

Further investigation of the ESR1 and the ESR2 gene
variations and the metabolic syndrome, particularly in

other cohorts with different age, gender, and ethnicity, is
warranted.

Acknowledgments

The authors thank the investigators, staff, and partici-
pants of the Women’s Health Study for their valuable con-
tributions. We also thank Eduardo Pereira, Lynda Rose, and
David Bates for computational assistance.

Dr. Goulart is recipient of a fellowship (2008/00676-6)
from FAPESP (Fundacdo de Amparo a Pesquisa do Estado
de Sao Paulo), Sao Paulo, Brazil. Dr. Pradhan is supported
by a grant from the National Institutes of Health (NIH)
(HL082740). This work was also supported by grant from
Doris Duke Charitable Foundation (New York, NY), the
Leducq Foundation (Paris, France), and the Donald W.
Reynolds Foundation (Las Vegas, NV). The main Women’s
Health Study was supported by NIH grants HL043851,
CA047988, and HL080467.

Author Disclosure Statement

No competing financial interests exist.

References

1. Lorenzo C, Williams K, Hunt KJ, Haffner SM. The National
Cholesterol Education Program-Adult Treatment Panel
III, International Diabetes Federation, and World Health
Organization definitions of the metabolic syndrome as predic-
tors of incident cardiovascular disease and diabetes. Diabetes
Care 2007;30:8-13.

2. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein,
the metabolic syndrome, and risk of incident cardiovascular
events: an 8-year follow-up of 14 719 initially healthy American
women. Circulation 2003;107:391-397.

3. Grundy SM, Cleeman ]I, Daniels SR, Donato KA, Eckel RH,
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr,
Spertus JA, Costa F. Diagnosis and management of the met-
abolic syndrome: an American Heart Association/National
Heart, Lung, and Blood Institute Scientific Statement. Circulation
2005;112:2735-2752.



ESR1 AND ESR2 POLYMORPHISMS AND METABOLIC SYNDROME

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hidalgo LA, Chedraui PA, Morocho N, Alvarado M, Chavez
D, Huc A. The metabolic syndrome among postmenopausal
women in Ecuador. Gynecol Endocrinol 2006;22:447-454.

. He Y, Jiang B, Wang ], Feng K, Chang Q, Fan L, Li X, Hu FB.

Prevalence of the metabolic syndrome and its relation to car-
diovascular disease in an elderly Chinese population. ] Am Coll
Cardiol 2006;47:1588-1594.

. Chien KL, Hsu HC, Sung FC, Su TC, Chen MEF, Lee YT.

Metabolic syndrome as a risk factor for coronary heart disease
and stroke: an 1l-year prospective cohort in Taiwan commu-
nity. Atherosclerosis 2007;194:214-221.

. Rexrode KM, Ridker PM, Hegener HH, Buring JE, Manson JE,

Zee RY. Polymorphisms and haplotypes of the estrogen recep-
tor-beta gene (ESR2) and cardiovascular disease in men and
women. Clin Chem 2007;53:1749-1756.

. Ding EL, Song Y, Manson JE, Rifai N, Buring JE, Liu S.

Plasma sex steroid hormones and risk of developing type 2
diabetes in women: a prospective study. Diabetologia 2007;
50:2076-2084.

. Golden SH, Dobs AS, Vaidya D, Szklo M, Gapstur S, Kopp P,

Liu K, Ouyang P. Endogenous sex hormones and glucose toler-
ance status in postmenopausal women. | Clin Endocrinol Metab
2007;92:1289-1295.

Shakir YA, Samsioe G, Nyberg P, Lidfeldt ], Nerbrand C,
Agardh CD. Do sex hormones influence features of the meta-
bolic syndrome in middle-aged women? A population-based
study of Swedish women: the Women’s Health in the Lund Area
(WHILA) Study. Fertil Steril 2007;88:163-171.

Weinberg ME, Manson JE, Buring JE, Cook NR, Seely EW,
Ridker PM, Rexrode KM. Low sex hormone-binding globulin
is associated with the metabolic syndrome in postmenopausal
women. Metabolism 2006;55:1473-1480.

Heine PA, Taylor JA, Iwamoto GA, Lubahn DB, Cooke PS.
Increased adipose tissue in male and female estrogen recep-
tor-alpha knockout mice. Proc Natl Acad Sci USA 2000;97:
12729-12734.

Almeida S, Franken N, Zandona MR, Osorio-Wender MC, Hutz
MH. Estrogen receptor 2 and progesterone receptor gene poly-
morphisms and lipid levels in women with different hormonal
status. Pharmacogenomics | 2005;5:30-34.

Herrington DM, Howard TD, Brosnihan KB, McDonnell DP, Li X,
Hawkins GA, Reboussin DM, Xu ], Zheng SL, Meyers DA, Bleecker
ER. Common estrogen receptor polymorphism augments effects
of hormone replacement therapy on E-selectin but not C-reactive
protein. Circulation 2002;105:1879-1882.

Deng HW, Li ], Li JL, Dowd R, Davies KM, Johnson M, Gong G,
DengH, Recker RR. Association of estrogen receptor-alpha geno-
types with body mass index in normal healthy postmenopausal
Caucasian women. | Clin Endocrinol Metab 2000;85:2748-2751.
Huang Q, Wang TH, Lu WS, Mu PW, Yang YF, Liang WW, Li
CX, Lin GP. Estrogen receptor alpha gene polymorphism asso-
ciated with type 2 diabetes mellitus and the serum lipid con-
centration in Chinese women in Guangzhou. Chin Med | (Engl)
2006;119:1794-1801.

Gallagher CJ, Langefeld CD, Gordon CJ, Campbell JK,
Mychaleckyj JC, Bryer-Ash M, Rich SS, Bowden DW, Sale MM.
Association of the estrogen receptor-alpha gene with the meta-
bolic syndrome and its component traits in African-American
families: the Insulin Resistance Atherosclerosis Family Study.
Diabetes 2007;56:2135-2141.

Lo JC, Zhao X, Scuteri A, Brockwell S, Sowers MR. The
association of genetic polymorphisms in sex hormone biosyn-
thesis and action with insulin sensitivity and diabetes mellitus
in women at midlife. Am | Med 2006;119:569-S78.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

117

Sowers MR, Wilson AL, Karvonen-Gutierrez CA, Kardia SR.
Sex steroid hormone pathway genes and health-related mea-
sures in women of 4 races/ethnicities: the Study of Women'’s
Health Across the Nation (SWAN). Am | Med 2006;119:
5103-5110.

Keene KL, Mychaleckyj JC, Smith SG, Leak TS, Perlegas PS,
Langefeld CD, Herrington DM, Freedman BI, Rich SS, Bowden
DW, Sale MM. Comprehensive evaluation of the estrogen re-
ceptor alpha gene reveals further evidence for association
with type 2 diabetes enriched for nephropathy in an African
American population. Hum Genet 2008;123:333-341.

Rexrode KM, Lee IM, Cook NR, Hennekens CH, Buring
JE. Baseline characteristics of participants in the Women’s
Health Study. | Womens Health Gend Based Med 2000;
9:19-27.

Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson
JE, Hennekens CH, Buring JE. A randomized trial of low-dose
aspirin in the primary prevention of cardiovascular disease in
women. N Engl | Med 2005;352:1293-1304.

Zhang SM, Moore SC, Lin J, Cook NR, Manson JE, Lee IM,
Buring JE. Folate, vitamin B6, multivitamin supplements,
and colorectal cancer risk in women. Am | Epidemiol 2006;
163:108-115.

Willett WC, Sampson L, Browne ML, Stampfer M], Rosner B,
Hennekens CH, Speizer FE. The use of a self-administered
questionnaire to assess diet four years in the past. Am | Epidemiol
1988;127:188-199.

Willett WC, Stampfer MJ, Bain C, Lipnick R, Speizer FE, Rosner
B, et al. Cigarrete smoking, relative weight, and menopause. |
Epidemiol 1983;117:651-658.

Song Y, Manson JE, Buring JE, Liu S. A prospective study of
red meat consumption and type 2 diabetes in middle-aged
and elderly women: the women'’s health study. Diabetes Care
2004;27:2108-2115.

Klag MJ, He ], Mead LA, Ford DE, Pearson TA, Levine DM.
Validity of physicians’ self-reports of cardiovascular disease
risk factors. Ann Epidemiol 1993;3:442-447.

Rosenkranz K, Hinney A, Ziegler A, Hermann H, Fichter M,
Mayer H, Siegfried W, Young JK, Remschmidt H, Hebebrand J.
Systematic mutation screening of the estrogen receptor beta gene
in probands of different weight extremes: identification of sev-
eral genetic variants. | Clin Endocrinol Metab 1998;83:4524-4527.
Tabachinick BG, Fidel LS. Using Multivariate Statistics. Boston:
Alley & Bacon; 2001.

Devlin B, Risch N. A comparison of linkage disequilibrium
measures for fine-scale mapping. Genomics 1995,29:311-322.
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syn-
drome among US adults: findings from the third National Health
and Nutrition Examination Survey. JAMA 2002,287:356—359.
Ridker PM, Chasman DI, Zee RY, Parker A, Rose L, Cook NR,
Buring JE. Rationale, design, and methodology of the Women’s
Genome Health Study: a genome-wide association study of
more than 25,000 initially healthy american women. Clin Chem
2008;54:249-255.

Address reprint requests to:
Alessandra C. Goulart, M.D., Ph.D.
Brigham and Women’s Hospital
Harvard Medical School

900 Commonwealth Avenue, 3 Floor
Boston, MA 02215

E-mail: alecgoulart@yahoo.com.br/agoulart@hu.usp.br







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


