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OBJECTIVES We assessed the effects of estrogen on vascular dilatory and other homeostatic functions
potentially affected by nitric oxide (NO)-potentiating properties in type II diabetic post-
menopausal women.

BACKGROUND There is a higher cardiovascular risk in diabetic women than in nondiabetic women. This
would suggest that women with diabetes do not have the cardioprotection associated with
estrogen.

METHODS We administered placebo or conjugated equine estrogen, 0.625 mg/day for 8 weeks, to 20
type II diabetic postmenopausal women in a randomized, double-blinded, placebo-controlled,
cross-over design.

RESULTS Compared with placebo, estrogen tended to lower low-density lipoprotein (LDL) cholesterol
levels by 15 � 23% (p � 0.007) and increase high-density lipoprotein (HDL) cholesterol
levels by 8 � 16% (p � 0.034). Thus, the ratio of LDL to HDL cholesterol levels significantly
decreased with estrogen, by 20 � 24%, as compared with placebo (p � 0.001). Compared
with placebo, estrogen tended to increase triglyceride levels by 16 � 48% and lower
glycosylated hemoglobin levels by 3 � 13% (p � 0.295 and p � 0.199, respectively).
However, estrogen did not significantly improve the percent flow-mediated dilatory response
to hyperemia (17 � 75% vs. placebo; p � 0.501). The statistical power to accept our
observation was 81.5%. Compared with placebo, estrogen did not significantly change
E-selectin, intercellular adhesion molecule-1, vascular cell adhesion molecule-1, monocyte
chemoattractant protein-1 or matrix metalloproteinase-9 levels. Compared with placebo,
estrogen tended to decrease tissue factor antigen and increase tissue factor activity levels by
7 � 46% and 5 � 34%, respectively (p � 0.321 and p � 0.117, respectively) and lower
plasminogen activator inhibitor-1 levels by 16 � 31% (p � 0.043).

CONCLUSIONS The effects of estrogen on endothelial, vascular dilatory and other homeostatic functions were
less apparent in type II diabetic postmenopausal women, despite the beneficial effects of
estrogen on lipoprotein levels. (J Am Coll Cardiol 2001;38:1409–15) © 2001 by the
American College of Cardiology

Prospective cohort surveys, such as the Nurses’ Health
Study, suggest that estrogen therapy decreases the risk of
coronary artery disease (CAD) in postmenopausal women
who were initially healthy at the time of enrollment (1). The
atheroprotective effects of estrogen were principally attrib-
uted to the hormone’s effects on serum lipid concentrations
(2,3). However, estrogen-induced alterations in serum lipids
account for only approximately one-third of the observed
clinical benefits of estrogen (4). Other mechanisms of the
potential benefit include protection of low-density lipopro-
teins (LDL) from oxidation (5), potentiation of fibrinolysis
(6) and improvement in endothelium-dependent vasodila-
tory function due to increased nitric oxide (NO) bioavail-
ability (7–9). The endothelium plays a key role in the
homeostasis of these processes. Therefore, estrogen may
exert its cardiovascular benefits through the regulation of
endothelial function, which is now regarded as pivotal
against atherogenesis (10).

Atherosclerosis, the main cause of coronary heart disease,
occurs with higher than normal frequency in women with
diabetes and is the major cause of morbidity and mortality in
diabetic patients (11–13). Therefore, it is important to know
whether estrogen can confer the same cardioprotection in
diabetic women as in healthy women. Epidemiologic data have
revealed that diabetic women have a higher cardiovascular risk,
as compared with diabetic men (14) or nondiabetic women
(13). This would suggest that women with diabetes do not
have the cardioprotection associated with estrogen. In this
regard, people with type II diabetes have significantly increased
serum triglyceride levels and decreased high-density lipopro-
tein (HDL) cholesterol levels (12). Further, the abnormal
HDL composition in type II diabetes has been well studied
and is characterized by triglyceride enrichment, cholesterol
depletion and decreased apolipoprotein A-I concentrations
(15). High plasma triglyceride concentrations and such abnor-
malities in HDL among diabetic subjects appear to be inde-
pendent predictive factors of mortality from CAD (16). In-
deed, one study observed that postmenopausal women with
diabetes who were taking estrogen had an exaggerated hyper-
triglyceridemic response (17). Hyperglycemia appears to con-
tribute to endothelial dysfunction through several mechanisms
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(18–22). Hyperglycemia attenuated the ability of estrogen to
stimulate endothelial cell NO production (18). In this regard,
postmenopausal women with type II diabetes treated with
estrogen had continued impairment of microvascular reactivity,
in contrast to the improved responses with estrogen treatment
of healthy postmenopausal women (19). In type II diabetic
subjects, enhanced LDL oxidation occurs in vivo, because high
titers of autoantibodies to oxidatively modified LDL are
present in the plasma (20). Gowri et al. (21) showed that
HDL2 in diabetic patients did not protect against apolipopro-
tein B-100 fragmentation in LDL, as compared with that in
nondiabetic control subjects. In diabetes mellitus, there is
reduced NO production or increased NO destruction, or both,
which contributes to enhanced platelet aggregation. Further,
both hyperinsulinemia and hyperglycemia contribute to an
imbalance between coagulation and fibrinolysis in individuals
with diabetes (22).

However, there are few reports specifically investigating
whether estrogen can reduce the risk of cardiovascular
disease in type II diabetic postmenopausal women. We have
previously shown that unopposed estrogen improved NO
bioactivity in healthy or hypercholesterolemic postmeno-
pausal women (23,24). Therapies that increase NO bioac-
tivity may reduce synthesis of proinflammatory proteins and
monocyte chemoattractant protein-1 (MCP-1) on the en-
dothelial cell surface (25–27). In this regard, we have
previously shown that oral conjugated equine estrogen
(CEE) improved endothelium-dependent vasodilatory re-
sponsiveness and reduced markers of inflammation (23,24).
Thus, this study was designed to assess the effects of
estrogen on vascular dilatory and other homeostatic func-
tions potentially affected by NO-potentiating properties in
type II diabetic postmenopausal women.

METHODS

Study group and design. Twenty type II diabetic post-
menopausal women (mean [� SD] age 59 � 7 years) free of
CAD participated in this study, all with plasma 17�-

estradiol levels �50 pg/ml and cessation of menses for at
least one year. Baseline total cholesterol, triglyceride, HDL
cholesterol and LDL cholesterol levels were 210 � 31 mg/dl,
154 � 70 mg/dl, 52 � 8 mg/dl and 127 � 28 mg/dl,
respectively. Baseline body mass index, systolic and diastolic
blood pressure, blood glucose and glycosylated hemoglobin
were 27.4 � 5.2 kg/m2, 132 � 11 mm Hg and 77 �
11 mm Hg, 162 � 26 mg/dl and 7.9 � 0.9%, respectively.
The diagnosis of diabetes was based on a history of diabetes
or criteria according to the Report of the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus
(28). Participants who met the criteria for entry into the
study entered an eight-week run-in phase during which
there was no alteration of their usual management. To
minimize acute side effects of CEE, the study medication
was titrated upward over a four-week period. At the end of
this time, participants continued to receive one capsule per
day of either placebo or CEE. The patients were seen at
least at 14-day intervals during the study. Sulfonylureas
were discontinued 24 h before the study. None of the
subjects was hypertensive or a current cigarette smoker. No
subject had taken any cholesterol-lowering agent, estrogen
therapy or antioxidant vitamin supplements during the
preceding two months. Aspirin and nonsteroidal anti-
inflammatory agents were stopped beginning 10 days before
the study. This study was randomized, double-blinded,
placebo-controlled and cross-over in design. Study partici-
pants received placebo or CEE, 0.625 mg/day for 8 weeks,
with the second treatment period initiated on completion of
the first treatment period (without a washout phase). The
study was approved by the Gil Hospital Institute Review
Board, and all participants gave written, informed consent.
Laboratory assays. Blood samples for laboratory assays
were obtained at �8:00 AM after overnight fasting, at
baseline and at the end of each treatment period, and were
immediately coded so that the investigators performing the
laboratory assays had no knowledge of the subjects’ identity
or study sequence. Assays for lipids, E-selectin, intercellular
adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1) and plasminogen activator
inhibitor-1 (PAI-1) antigen were performed as previously
described (6,23,24,29). Levels of MCP-1 and matrix
metalloproteinase-9 (MMP-9) were measured in duplicate
by enzyme-linked immunosorbent assay (ELISA; R & D
Systems, Minneapolis, Minnesota). Tissue factor (TF) an-
tigen and activity were measured in duplicate by ELISA and
actichrome assays (American Diagnostica, Greenwich,
Connecticut). The interassay and intra-assay coefficients of
variation were �8%.
Vascular studies. Imaging studies of the right brachial
artery were performed using a ATL HDI 3000 (ATL,
Bothell, Washington) ultrasound machine equipped with a
10-MHz linear-array transducer, at baseline and at the end
of each of the two treatment periods, according to a
previously published technique (23,24,29,30). After 15 min
of rest, imaging of the artery proximal to the antecubital
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CAD � coronary artery disease
CEE � conjugated equine estrogen
CI � confidence interval
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HERS � Heart and Estrogen/progestin Replacement

Study
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ICAM-1 � intercellular adhesion molecule-1
LDL � low-density lipoprotein
MCP-1 � monocyte chemoattractant protein-1
MMP-9 � matrix metalloproteinase-9
mRNA � messenger ribonucleic acid
NO � nitric oxide
PAI-1 � plasminogen activator inhibitor-1
TF � tissue factor
VCAM-1 � vascular cell adhesion molecule-1
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fossa was done longitudinally, with the center of the artery
identified by the clearest visualization of the anterior and
posterior intimal layers. The transmit (focus) zone was set to
the depth of the near wall. After a satisfactory transducer
position was found, the skin was marked, and the arm
remained in that position throughout the study. A baseline
measurement of brachial artery diameter was made, as well
as a baseline measurement of the velocity of arterial flow by
pulsed Doppler echocardiography, with the range gate
(1.5 mm) in the center of the artery. Endothelium-
dependent vasodilation was assessed by measuring the
change in the diameter of the brachial artery after 60 s of
reactive hyperemia, relative to baseline measurements after
deflation of a forearm cuff inflated to 250 mm Hg for 5 min
(percent flow-mediated dilation). This dilatory response has
previously been shown to be mediated primarily by NO
(31). Arterial flow velocity was measured for the first 15 s
after cuff deflation. After re-establishing baseline conditions
15 min later, measurements of arterial diameter and flow
velocity were repeated, followed by sublingual nitroglycerin
at a dose of 0.4 mg under the tongue to assess endothelium-
independent vasodilation. Three minutes later, repeat mea-
surements of arterial diameter and flow velocity were made.

All images were coded and recorded on super VHS
videotape (Sony, Tokyo, Japan) and stored on the hard disk
of the ATL machine. All images were transmitted to a
personal computer by use of Ethernet (PRETEC, Fremont,
California) with a DICOM (Digital Imaging and Commu-
nication in Medicine) format (Dept. of Radiology, Seoul
National University Hospital, Seoul, Korea) and then saved
on the hard disk of the personal computer as a bitmap
format. Arterial diameters were measured with Image Tool
for Windows, version 2.0 (University of Texas Health
Science Center, San Antonio, Texas). Measurements were
performed by two independent radiologists (S. K. L. and
H. Y. H.) who had no knowledge of the subjects’ identity
and medication status. Arterial diameter was measured in
millimeters as the distance between the anterior wall media-
adventitial interface (m line) and the posterior wall intima-
lumen interface at end diastole, coincident with the R-wave
on the electrocardiogram at two sites along the artery and
for three cardiac cycles, with these six measurements aver-
aged. Blood flow was calculated by multiplying the velocity-
time integral of the Doppler flow signal by the heart rate
and cross-sectional area of the vessel. Measurements of
maximal diameter and percent flow-mediated dilation were
made in 10 studies selected at random. The interobserver
and intraobserver variabilities for repeated measurements of
maximal diameter were 0.004 � 0.038 and 0.005 �
0.091 mm, respectively. The interobserver and intraobserver
variabilities for repeated measurements of percent flow-
mediated dilation were 0.07 � 1.29% and 0.17 � 1.26%,
respectively.
Statistical analysis. Data are expressed as the mean
value � SD. After testing data for normality, we used the
Student paired t test or the Wilcoxon signed-rank test to

compare values after placebo and CEE therapies, as re-
ported in Tables 1 and 2. We presumed that the second
baseline value after the washout phase was not different
from the first baseline value, because we found no carryover
effect of CEE for six weeks in our previous studies
(6,23,24,29). Thus, we decided on eight weeks as the
treatment period, without the washout phase and second
baseline study. Indeed, we found no carryover effect in this
study (see the Results section). Pearson correlation coeffi-
cient analysis was used to assess associations between
measured variables. We calculated that 20 subjects will
provide 80% power to detect a difference of an absolute

Table 1. Effects of Placebo or Oral Conjugated Equine
Estrogen on Glycosylated Hemoglobin and Lipid Levels in
Type II Diabetic Postmenopausal Women

Placebo Estrogen

HbA1c (%) 8.0 � 1.2 7.6 � 0.9
Lipids (mg/dl)

Total cholesterol 211 � 39 198 � 38
HDL cholesterol 52 � 8 56 � 10*
LDL cholesterol 129 � 35 107 � 33†
LDL/HDL cholesterol 2.55 � 0.81 1.97 � 0.65†
Triglycerides 165 � 83 183 � 97

*p � 0.05 and †p � 0.01 vs. placebo. Data are expressed as the mean value � SD.
HbA1c � glycosylated hemoglobin (normal range 2.3% to 7.1%); HDL �

high-density lipoprotein; LDL � low-density lipoprotein.

Table 2. Effects of Placebo or Oral Conjugated Equine
Estrogen on Endothelial Function in Type II Diabetic
Postmenopausal Women

Placebo Estrogen

Vasomotor function
Brachial artery diameter (mm)

Basal-1 4.14 � 0.57 4.19 � 0.38
Hyperemia 4.36 � 0.58 4.45 � 0.34
Basal-2 4.19 � 0.54 4.21 � 0.47
Nitroglycerin 4.63 � 0.54 4.74 � 0.51

Brachial artery flow
Basal-1 (ml/min) 86 � 39 74 � 35
Hyperemia (ml/min) 425 � 208 407 � 144
Increase in flow (%) 469 � 290 575 � 390
Basal-2 (ml/min) 65 � 25 67 � 38
Nitroglycerin (ml/min) 99 � 35 92 � 27

Flow-mediated dilation (%) 5.87 � 2.37 6.52 � 4.44
Nitroglycerin dilation (%) 11.26 � 4.30 13.86 � 4.56*

Cell adhesion molecules (ng/ml)
E-selectin 68.6 � 37.7 67.8 � 36.1
ICAM-1 408 � 125 435 � 172
VCAM-1 743 � 314 735 � 278

MCP-1 (pg/ml) 182 � 72 163 � 51
Hemostasis

TF antigen (pg/ml) 224 � 103 200 � 115
TF activity (nmol/l) 0.804 � 0.145 0.877 � 0.212

Fibrinolysis
PAI-1 (ng/ml) 36.74 � 12.27 30.57 � 16.04*

Plaque stability
MMP-9 (ng/ml) 148.8 � 98.2 173.8 � 142.4

*p � 0.05 vs. placebo. Data are expressed as the mean value � SD.
ICAM-1 � intercellular adhesion molecule-1; MCP-1 � monocyte chemoattrac-

tant protein-1; MMP-9 � matrix metalloproteinase-9; PAI-1 � plasminogen
activator inhibitor-1; TF � tissue factor; VCAM-1 � vascular cell adhesion
molecule-1.
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increase of 2.1% or greater flow-mediated dilation of the
brachial artery with CEE as compared with placebo, with
alpha � 0.05 according to our previous studies (23,24,29)
and another study (32). A comparison of endothelium-
dependent dilation between placebo and CEE therapies was
prospectively designated as the primary end point of the
study. For a conservative analysis, a p value less than the
Bonferroni-adjusted alpha value of 0.05/24 � 0.002 was
deemed as statistically significant for each of the 24 variables
that underwent statistical comparison in this study.

RESULTS

To assess the possibility of a carryover effect from the initial
treatment periods to the next treatment period, we com-
pared the percent changes of: 1) the first treatment placebo
and second treatment placebo; and 2) the first treatment
CEE and second treatment CEE, relative to the baseline
values. There were no significant differences in age or
baseline values—vascular function (diameter and flow) and
markers of inflammation, hemostasis, fibrinolysis inhibition
and plaque stability—between each group. No significant
differences were found in these two comparisons (data not
shown).
Effect of therapies on lipids. The effects of therapies on
lipids are shown in Table 1. Compared with placebo, CEE
therapy tended to lower LDL cholesterol levels by 15 �
23% (p � 0.007) and increase HDL cholesterol levels by
8 � 16% (p � 0.034). Thus, the ratio of LDL to HDL
cholesterol levels significantly decreased with CEE therapy,
by 20 � 24%, as compared with placebo (p � 0.001).
However, CEE therapy tended to increase triglyceride levels
by 16 � 48% (p � 0.295).
Effect of therapies on glycemic control. Therapy with
CEE tended to lower glycosylated hemoglobin levels by 3 �
13%, as compared with placebo (p � 0.199).
Effect of therapies on NO bioactivity. Basal brachial
artery diameters and forearm blood flow rates were similar
to those during the placebo and CEE treatment periods, as
were peak brachial artery diameters and forearm blood flow
rates during reactive hyperemia and the percent increase in
flow during hyperemia (Table 2). However, CEE therapy
did not significantly improve the percent flow-mediated
dilatory response to hyperemia (17 � 75%), as compared
with placebo (p � 0.501). The 95% confidence interval (CI)
for the absolute differences in flow-mediated dilation be-
tween the placebo and CEE therapies was �1.34% to
2.64%. Thus, in our study of 20 subjects, we excluded
unknown values outside the 95% CIs as plausible values for
the differences in the flow-mediated dilatory response to
each therapy, at alpha � 0.05. The brachial artery dilatory
response to nitroglycerin was increased with CEE therapy,
by 37 � 70%, as compared with placebo (p � 0.034) (Table 2).
Effect of therapies on markers of inflammation. Com-
pared with placebo, CEE therapy did not significantly
change E-selectin, ICAM-1 or VCAM-1 levels, by 1 �

31%, 8 � 34% and 6 � 45%, respectively (p � 0.890, p �
0.319 and p � 0.883, respectively) (Table 2). Therapy with
CEE lowered MCP-1 levels by 4 � 27% (p � 0.121)
(Table 2).
Effect of therapies on hemostasis and fibrinolytic inhibi-
tion. Compared with placebo, CEE therapy tended to
decrease TF antigen and increase TF activity levels by 7 �
46% and 5 � 34%, respectively (p � 0.321 and p � 0.117,
respectively) (Table 2). Therapy with CEE tended to lower
plasma PAI-1 levels by 16 � 31%, as compared with
placebo (p � 0.043) (Table 2). There was no significant
association between TF antigen or activity levels and PAI-1
antigen levels after placebo or CEE therapies (�0.141 � all
r � 0.056).
Effect of therapies on plaque stability. Compared with
placebo, CEE therapy increased MMP-9 levels by 16 �
67% (p � 0.693) (Table 2).

DISCUSSION

We investigated the effects of estrogen on lipoproteins and
endothelium in type II diabetic postmenopausal women.
Because endothelial dysfunction may contribute to the
development and clinical expression of atherosclerosis and,
furthermore, the pathogenesis of coronary heart disease, and
because diabetes is associated with endothelial dysfunction,
we have previously shown that estrogen improved impaired
endothelial function in healthy postmenopausal women
(6,23,24,29).
Effect of therapies on lipids and glycemic control. In the
current study, administration of CEE, 0.625 mg/day for 8
weeks, to diabetic postmenopausal women had effects on
LDL and HDL cholesterol levels and LDL/HDL ratios
comparable to those achieved in both healthy postmeno-
pausal women in our previous studies (6,23,24,29) and type
II diabetic postmenopausal women in other studies (17,33).
Of interest, serum triglyceride levels in this study increased
to a similar extent to that in both our previous studies
(6,23,24) and other studies (17,33) after estrogen. The
reduction of glycosylated hemoglobin with CEE was con-
sistent with that found in other studies (34,35).
Effect of therapies on NO bioactivity. In contrast to
previous reports observing estrogen’s effect of improving
endothelium-dependent dilation in healthy postmenopausal
women (8,23,24,36), endothelium-dependent dilation was
not improved by estrogen in type II diabetic postmeno-
pausal women, despite similar effects of estrogen on lipopro-
tein levels, in the current study. Given the SD of 3.12% of
the differences in flow-mediated dilation between CEE and
placebo, the statistical power to accept our observation was
81.5%. Indeed, in our previous study, CEE at a dose of only
0.625 mg improved brachial artery flow-mediated vasodila-
tion from 4.3% to 8.8% in healthy postmenopausal women
(23). Our observation is consistent with those of several
recent groups (19,37–40). However, the same dose of CEE
increased brachial artery flow-mediated vasodilation just a
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little bit, from 5.87% to 6.52%, in the current study. In a
very recent report on premenopausal women, diabetes led to
endothelial dysfunction similar to that observed in diabetic
men, suggesting no protective effect of estrogen on CAD
and mortality in diabetic postmenopausal women (40).
Other investigators reported an improvement in endothelium-
independent dilation with CEE therapy; however, the im-
provement was related to a direct smooth muscle effect of
supraphysiologic doses of CEE, 1.25 to 5 mg/day, and the
magnitude of the response was much greater, from 14.6% to
21.2% (41). In our previous studies (23,24,29) and another (8)
using commonly used dosages, endothelium-independent di-
lation was not increased with estrogen therapy. Accordingly,
the apparently greater effect of CEE on endothelium-
independent dilation in the current study was small and of
marginal statistical significance, and therefore may not be
biologically significant.
Effect of therapies on markers of inflammation. To gain
additional insight into the mechanisms of the potentially
vasculoprotective effects of estrogen in type II diabetic
postmenopausal women, we measured markers of inflam-
mation, hemostasis, fibrinolytic inhibition and plaque sta-
bility that, according to clinical and experimental studies,
are potentially affected by estrogen in healthy postmeno-
pausal women (6,23,24,29,42).

Serum levels of E-selectin, ICAM-1 and VCAM-1 have
been reported to be higher in postmenopausal women with
CAD not treated with hormones than in postmenopausal
women with CAD treated with hormones at the time of
cardiac catheterization (43). Of interest, Nathan et al. (44)
demonstrated, in vivo, that there was a gender difference in
monocyte adhesion to endothelial cells and transendothelial
migration after hypercholesterolemia, and that this gender
difference was partly due to estradiol. They suggested that
estradiol inhibited monocyte adhesion by inhibiting expres-
sion of VCAM-1. Diabetes is associated with increased
adhesion molecule expression and enhanced adhesion of
platelets and monocytes (12). In the current study, baseline
levels of E-selectin, ICAM-1 and VCAM-1 were higher
than those in healthy postmenopausal women
(23,24,29,42). We observed that estrogen did not signifi-
cantly change E-selectin, ICAM-1 or VCAM-1 levels,
which is consistent with no significant improvement in NO
bioactivity. This observation is in contrast to our previous
findings in healthy postmenopausal women (23,24,29,42).
One study observed that diabetic postmenopausal women
receiving hormone replacement therapy had lower ICAM-1
levels, as compared with diabetic postmenopausal women
without hormone replacement therapy (19). However, this
study was a cross-sectional study, and furthermore, the
number of patients in each group was small. Frazier-Jessen
et al. (45) observed that estradiol inhibited lipopolysaccharide-
stimulated JE/MCP-1 messenger ribonucleic acid (mRNA)
expression in ANA-1 and J774A.1 murine macrophage cell
lines. This observation was confirmed by Pervin et al. (46),
who observed that the cholesterol-induced increase in

MCP-1 protein and mRNA expression was significantly
attenuated in ovariectomized rabbits supplemented with
estradiol pellets. However, we found that estrogen did not
significantly reduce MCP-1 levels in type II diabetic post-
menopausal women.
Effect of therapies on hemostasis and fibrinolytic inhibi-
tion. We have previously demonstrated that in postmeno-
pausal women, oral CEE reduced PAI-1 levels, with con-
comitant increases in the levels of D-dimer, a product of
cross-linked fibrin degradation by plasmin, thus providing
evidence of enhanced fibrinolysis (6). However, as activation
of coagulation pathways has been detected in postmeno-
pausal women treated with estrogen therapy (47,48), poten-
tiation of fibrinolysis could be a consequence of activation of
coagulation pathways as the primary response to estrogen
administration. We found that the increases in fibrinolytic
potential (tissue-type plasminogen activator:PAI-1) did not
correlate with the minimal changes observed in prothrom-
bin fragment 1�2 or thrombin-antithrombin levels after
CEE in healthy postmenopausal women (49). The Heart
and Estrogen/progestin Replacement Study (HERS) ob-
served that more women in the hormone-treated group
experienced deep vein thromboses and pulmonary emboli. It
is noteworthy that the risk of venous thromboemboli in
postmenopausal women randomized to placebo was �10-
fold higher than that previously reported (50). One-third of
HERS participants was diabetic. Impaired fibrinolytic ac-
tivity and increased endothelial cell procoagulant activity
were observed in diabetics (12,22). We measured variables
of coagulation activation—TF antigen and activity—and
variables of fibrinolytic potentiation—PAI-1 antigen lev-
els—in the current study. Oxidized LDL enhanced
lipopolysaccharide-induced TF expression in human adher-
ent monocytes (27) and stimulated the synthesis and release
of PAI-1 from endothelial cells in culture (51). We observed
that estrogen tended to decrease TF antigen and increase
TF activity levels and lower plasma PAI-1 levels in the current
study. However, the effect of estrogen on PAI-1 was less
apparent in healthy postmenopausal women (6,23,24,29).
Effect of therapies on plaque stability. Hyperglycemia
alters endothelial cell matrix production, which may con-
tribute to basement membrane thickening (12,52). Hyper-
glycemia increased endothelial cell collagen and fibronectin
synthesis (52). Estrogen may inhibit the expression and
activity of MMP by both decreasing LDL cholesterol and
increasing HDL cholesterol. Indeed, Xu et al. (53) demon-
strated that oxidized LDL upregulated MMP-9 expression
while reducing tissue inhibitor of MMP-1 in monocyte-
derived macrophages. Furthermore, HDL abrogated oxi-
dized LDL-induced MMP-9 expression. Therefore, estro-
gen may favor plaque stabilization as a plausible mechanism
to prevent atherosclerosis in healthy postmenopausal
women. However, we found that estrogen did not signifi-
cantly lower plasma MMP-9 levels.
Conclusions. Although all patients had type II diabetes
mellitus, and the majority were overweight, the levels of
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hyperinsulinemia and insulin resistance were not deter-
mined in the present study. In addition, other factors that
could influence endothelial function (e.g., oxidized LDL)
were not measured. Therefore, our observations support the
in vitro and in vivo animal data (18,54).

Acknowledgments
We are greatly in debt to Richard O. Cannon III, MD
(Acting Chief, Cardiology Branch, National Heart, Lung,
and Blood Institute, Bethesda, Maryland) and Myron A.
Waclawiw, PhD (Office of Biostatistics Research, National
Heart, Lung, and Blood Institute, Rockville, Maryland) for
their critical and devoted review. We also express our
gratitude to Eun Young Cho, RN, Han Kyu Kim, MT,
Mee Jung Kim, MT, and Ji Young Park, MT, for their
excellent technical assistance.

Reprint requests and correspondence: Dr. Kwang Kon Koh,
Director, Vascular Medicine and Atherosclerosis Unit, Division of
Cardiology, Gil Heart Center, Gachon Medical School, 1198
Kuwol-Dong, Namdong-Gu, Incheon, Korea 405-760. E-mail:
kwangk@ghil.com.

REFERENCES

1. Stampfer MJ, Colditz GA, Willett WC, et al. Postmenopausal
estrogen therapy and cardiovascular disease: 10-year follow-up from
the Nurses’ Health Study. N Engl J Med 1991;325:756–62.

2. Walsh BW, Schiff I, Rosner B, Greenberg L, Ravnikar V, Sacks FM.
Effects of postmenopausal estrogen replacement on concentrations and
metabolism of plasma lipoproteins. N Engl J Med 1991;325:1196–
204.

3. Espeland MA, Marcovina SM, Miller V, et al., for the PEPI
Investigators. Effect of postmenopausal hormone therapy on lipopro-
tein(a) concentration. Circulation 1998;97:979–86.

4. Bush TL, Barrett-Connor E, Cowan LD, et al. Cardiovascular
mortality and non-contraceptive use of estrogen in women: results
from the Lipid Research Clinics Program follow-up study. Circulation
1987;75:1102–9.

5. Sack MN, Rader DJ, Cannon RO III. Oestrogen and inhibition of
oxidation of low-density lipoproteins in postmenopausal women.
Lancet 1994;343:269–70.

6. Koh KK, Mincemoyer R, Bui MN, et al. Effects of hormone-
replacement therapy on fibrinolysis in postmenopausal women. N Engl
J Med 1997;336:683–90.

7. Gilligan DM, Quyyumi AA, Cannon RO III. Effects of physiological
levels of estrogen on coronary vasomotor function in postmenopausal
women. Circulation 1994;89:2545–51.

8. Lieberman EH, Gerhard MD, Uehata A, et al. Estrogen improves
endothelium-dependent, flow-mediated vasodilation in postmeno-
pausal women. Ann Intern Med 1994;121:936–41.

9. Guetta V, Quyyumi AA, Prasad A, Panza JA, Waclawiw M, Cannon
RO III. The role of nitric oxide in coronary vascular effects of estrogen
in postmenopausal women. Circulation 1997;96:2795–801.

10. Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med
1999;340:115–26.

11. Manson JE, Colditz GA, Stampfer MJ, et al. A prospective study of
maturity-onset diabetes mellitus and risk of coronary heart disease and
stroke in women. Arch Intern Med 1991;151:1141–7.

12. Sowers JR. Diabetes mellitus and cardiovascular disease in women.
Arch Intern Med 1998;158:617–21.

13. Gu K, Cowie CC, Harris MI. Mortality in adults with and without
diabetes in a national cohort of the U.S. population, 1971–1993.
Diabetes Care 1998;21:1138–45.

14. Barrett-Connor EL, Cohn BA, Wingard DL, Edelstein SL. Why is
diabetes mellitus a strong risk factor for fatal ischemic heart disease in

women than in men? The Rancho Bernardo Study. JAMA 1991;265:
627–31.

15. Biesbroeck RC, Albers JJ, Wahl PW, Weinberg CR, Bassett ML,
Bierman EL. Abnormal composition of high density lipoproteins in
noninsulin-dependent diabetics. Diabetes 1982;31:126–31.

16. Fontbonne A, Eschwege E, Cambien F, et al. Hypertriglyceridemia as
a risk factor of coronary heart disease mortality in subjects with
impaired glucose tolerance or diabetes: results from the 11-year
follow-up of the Paris Prospective Study. Diabetologia 1989;32:
300–4.

17. Robinson JC, Folsom AR, Nabulsi AA, et al., the Atherosclerosis Risk
in Communities Study Investigators. Can postmenopausal hormone
replacement improve plasma lipids in women with diabetes? Diabetes
Care 1996;19:480–5.

18. Sowers JR. Insulin and insulin-like growth factor in normal and
pathological cardiovascular physiology. Hypertension 1997;29:691–9.

19. Lim SC, Caballero E, Arora S, et al. The effect of hormonal
replacement therapy on the vascular reactivity and endothelial function
of healthy individuals and individuals with type 2 diabetes. J Clin
Endocrinol Metab 1999;84:4159–64.

20. Bellomo G, Maggi E, Poli M, Agosta FG, Bollati P, Finardi G.
Autoantibodies against oxidatively modified low-density lipoproteins
in NIDDM. Diabetes 1995;44:60–6.

21. Gowri MS, Van der Westhuyzen DR, Bridges SR, Anderson JW.
Decreased protection by HDL from poorly controlled type 2 diabetic
subjects against LDL oxidation may be due to the abnormal compo-
sition of HDL. Arterioscler Thromb Vasc Biol 1999;19:2226–33.

22. Carmassi F, Morale M, Puccetti R, et al. Coagulation and fibrinolytic
system impairment in insulin-dependent diabetes mellitus. Thromb
Rev 1992;67:643–54.

23. Koh KK, Blum A, Hathaway L, et al. Effects of estrogen and vitamin
E therapies on vascular function in postmenopausal women. Circula-
tion 1999;100:1851–7.

24. Koh KK, Cardillo C, Bui MN, et al. The effect of estrogen and
cholesterol-lowering therapies on vascular function in hypercholester-
olemic postmenopausal women. Circulation 1999;99:354–60.

25. Zeiher AM, Fisslthaler B, Schray-utz B, Busse R. Nitric oxide
modulates the expression of monocyte chemoattractant protein-1 in
cultured human endothelial cells. Circ Res 1995;76:980–6.

26. Katsuyama K, Shichiri M, Marumo F, Hirata Y. NO inhibits
cytokine-induced iNOS expression and NF-kB activation by interfer-
ing with phosphorylation and degradation of IkB-�. Arterioscler
Thromb Vasc Biol 1998;18:1796–802.

27. Brand K, Banka CL, Mackman N, Terkeltaub RA, Fan S-T, Curtiss
LK. Oxidized LDL enhances lipopolysaccharide-induced tissue factor
expression in human adherent monocytes. Arterioscler Thromb 1994;
14:790–7.

28. The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Report of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus. Diabetes Care 1998;21 Suppl
1:S5–22.

29. Koh KK, Jin DK, Yang SH, et al. Vascular effects of synthetic or
natural progestagen combined with conjugated equine estrogen in
healthy postmenopausal women. Circulation 2001;103:1961–6.

30. Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive
detection of endothelial dysfunction in children and adults at risk of
atherosclerosis. Lancet 1992;340:1111–5.

31. Joannides R, Haefeli WE, Linder L, et al. Nitric oxide is responsible
for flow-dependent dilatation of human peripheral conduit arteries in
vivo. Circulation 1995;91:1314–9.

32. Sorensen KE, Celermajer DS, Spiegelhalter DJ, et al. Non-invasive
measurement of human endothelium-dependent arterial responses:
accuracy and reproducibility. Br Heart J 1995;74:247–53.

33. Brussaard HE, Gevers Leuven JA, Kluft C, et al. Effect of 17�-
estradiol on plasma lipids and LDL oxidation in postmenopausal
women with type II diabetes mellitus. Arterioscler Thromb Vasc Biol
1997;17:324–30.

34. Samaras K, Hayward CS, Sullivan D, Kelly RP, Campbell LV. Effects
of postmenopausal hormone replacement therapy on central abdomi-
nal fat, glycemic control, lipid metabolism, and vascular factors in type
2 diabetes: a prospective study. Diabetes Care 1999;22:1401–7.

35. Brussaard HE, Gevers Leuven JA, Frolich M, Kluft C, Krans HM.
Short-term oestrogen replacement therapy improves insulin resistance,

1414 Koh et al. JACC Vol. 38, No. 5, 2001
Estrogen in Type II Diabetic Postmenopausal Women November 1, 2001:1409–15



lipids and fibrinolysis in postmenopausal women with NIDDM.
Diabetologia 1997;40:843–9.

36. Al-Khalili F, Eriksson M, Landgren B-M, Schenck-Gustafsson K.
Effect of conjugated estrogen on peripheral flow-mediated vasodilation
in postmenopausal women. Am J Cardiol 1998;82:215–8.

37. Kawano H, Motoyama T, Hirashima O, et al. Hyperglycemia rapidly
suppresses flow-mediated endothelium-dependent vasodilation of bra-
chial artery. J Am Coll Cardiol 1999;34:146–54.

38. Enderle M-D, Benda N, Schmuelling R-M, Haering HU, Pfoho M.
Preserved endothelial function in IDDM patients, but not in NIDDM
patients, compared with healthy subjects. Diabetes Care 1998;21:
271–7.

39. Williams SB, Goldfine AB, Timimi FK, et al. Acute hyperglycemia
attenuates endothelium-dependent vasodilation in humans in vivo.
Circulation 1998;97:1695–701.

40. Steinberg HO, Paradisi G, Cronin J, et al. Type II diabetes abrogates
sex differences in endothelial function in premenopausal women.
Circulation 2000;101:2040–6.

41. McCrohon JA, Walters WAW, Robinson JTC, et al. Arterial reac-
tivity is enhanced in genetic males taking high dose estrogens. J Am
Coll Cardiol 1997;29:1432–6.

42. Koh KK, Bui MN, Rita Mincemoyer, Cannon RO III. Effects of
hormone therapy on inflammatory cell adhesion molecules in post-
menopausal women. Am J Cardiol 1997;80:1505–7.

43. Caulin-Glaser T, Farrell WJ, Pfau SE, et al. Modulation of circulating
cellular adhesion molecules in postmenopausal women with coronary
artery disease. J Am Coll Cardiol 1998;31:1555–60.

44. Nathan L, Pervin S, Singh R, Rosenfeld M, Chaudhuri G. Estradiol
inhibits leukocyte adhesion and transendothelial migration in rabbits
in vivo: possible mechanisms for gender differences in atherosclerosis.
Circ Res 1999;85:377–85.

45. Frazier-Jessen MR, Kovacs EJ. Estrogen modulation of JE/monocyte

chemoattractant protein-1 mRNA expression in murine macrophages.
J Immunol 1995;154:1838–45.

46. Pervin S, Singh R, Rosenfeld ME, Navab M, Chaudhuri G, Nathan
L. Estradiol suppresses MCP-1 expression in vivo: implications for
atherosclerosis. Arterioscler Thromb Vasc Biol 1998;18:1575–82.

47. Caine YG, Bauer KA, Barzegar S, et al. Coagulation activation
following estrogen administration to postmenopausal women. Thromb
Haemost 1992;68:392–5.

48. Teede HJ, McGrath BP, Smolich JJ, et al. Postmenopausal hormone
replacement therapy increases coagulation activity and fibrinolysis.
Arterioscler Thromb Vasc Biol 2000;20:1404–9.

49. Koh KK, Horne MK III, Csako G, Waclawiw M, Cannon RO III.
Relation of fibrinolytic potentiation by estrogen to coagulation path-
way activation in postmenopausal women. Am J Cardiol 1999;83:
466–9.

50. Hulley S, Grady D, Bush T, et al., for the Heart and Estrogen/
progestin Replacement Study (HERS) Research Group. Randomized
trial of estrogen plus progestin for secondary prevention of coronary
heart disease in postmenopausal women. JAMA 1998;280:605–13.

51. Kugiyama K, Sakamoto T, Misumi I, et al. Transferable lipids in
oxidized low-density lipoprotein stimulate plasminogen activator
inhibitor-1 and inhibit tissue-type plasminogen activator release from
endothelial cells. Circ Res 1993;73:335–43.

52. Cagliero E, Roth T, Roy S, Lorenzi M. Characteristics and mecha-
nisms of high glucose-induced overexpression of basement membrane
components in cultured human endothelial cells. Diabetes 1991;40:
102–10.

53. Xu X-P, Meisel SR, Ong JM, et al. Oxidized low-density lipoprotein
regulates matrix metalloproteinase-9 and its tissue inhibitor in human
monocyte-derived macrophages. Circulation 1999;99:993–8.

54. Bolego C, Cignarella A, Zancan V, Pinna C, Zanardo R, Puglisi L.
Diabetes abolishes the vascular protective effects of estrogen in female
rats. Life Sci 1999;64:741–9.

1415JACC Vol. 38, No. 5, 2001 Koh et al.
November 1, 2001:1409–15 Estrogen in Type II Diabetic Postmenopausal Women




