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Abstract
Type 2 diabetes mellitus is associated with dyslipidemia and with an increased risk of coronary
heart disease (CHD). Our objective was to compare the effects of hormone replacement therapy
(HRT) on plasma lipoproteins and coronary disease progression in postmenopausal women with
and without diabetes. Study subjects were participants in the Estrogen Replacement and
Atherosclerosis trial, a placebo-controlled, randomized trial of HRT (conjugated equine estrogen
0.625 mg/day with or without medroxyprogesterone acetate 2.5 mg/day) in postmenopausal
women with established CHD (men age 65±7 y). Plasma remnant lipoprotein levels and HDL
subpopulation levels were measured at baseline and year 1. Quantitative coronary angiography
was assessed at baseline and at follow-up. At baseline, remnant lipoprotein levels were
significantly higher and HDL-C levels significantly lower in diabetic women than in women
without diabetes. HRT lowered remnant lipoproteins and increased HDL-C and large HDL
particle levels in both groups. However, during HRT, levels of these parameters were still
significantly worse in diabetic women than in non-diabetic women. A significant interaction
between HRT and diabetes status, with greater increases in plasma atheroprotective HDL α1
particles in non-diabetic women than in diabetic women during HRT, was observed. CHD
progressed significantly more in women with diabetes than in women without diabetes. Our
findings indicate that diabetes attenuates the HRT-related increase in atheroprotective HDL α1
particles. Faster progression of coronary atherosclerosis in women with diabetes could be
mediated in part by a worse lipoprotein profile in these women than in women without diabetes,
both before and during HRT.
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INTRODUCTION
Coronary heart disease (CHD) is the main cause of death in postmenopausal women (1).
Type 2 diabetes mellitus increases the risk of CHD (2;3) and there is some evidence that the
risk conferred by diabetes is greater in women than in men (4). The increased risk of CHD
with diabetes is in part mediated by the associated dyslipidemia, characterized by elevated
plasma triglycerides (TG) and reduced HDL cholesterol (HDL-C) levels, in addition to
elevated small dense LDL levels (5). Other important mediators of increased CHD risk in
diabetes are obesity, hypertension, and increased inflammation. The typical dyslipidemia
observed in diabetes is due to the insulin resistance state, which causes increased hepatic
synthesis of TG-rich lipoproteins and a faster clearance of HDL (6–8).

In randomized clinical trials conducted mostly in older women, hormone replacement
therapy (HRT) has been shown to either offer no protection against CHD (9;10) or to
increase the risk of CHD (11;12). Use of HRT in younger postmenopausal women may
reduce the risk of CHD (13;14). While HRT is no longer prescribed for the prevention of
CHD, postmenopausal women are still prescribed HRT for the relief of menopausal
symptoms. By lowering plasma LDL-C and increasing HDL-C levels, HRT has the potential
of improving the dyslipidemia associated with diabetes, with the exception of potentially
further increasing plasma TG levels. In a randomized study of HRT in postmenopausal
women with CHD, it was shown that coronary artery disease progression was faster in
women with glucose intolerance randomized to HRT than in normoglycemic women
randomized to HRT (15).

The aims of this study were to compare the lipoprotein subpopulation response to HRT in
non diabetic and diabetic women with established CHD.

METHODS
Study design

Subjects were postmenopausal women participating in the Estrogen Replacement and
Atherosclerosis (ERA) trial (9;16). Women with established CHD, defined as ≥30% stenosis
of at least one epicardial coronary artery by quantitative coronary angiography, were
enrolled into the study. Exclusion criteria were: history of uncontrolled diabetes or
hypertension, deep-vein thrombosis or pulmonary embolism, kidney disease, symptomatic
gallstones, or TG levels >400 mg/dL. The study had a randomized, placebo-controlled,
double-blind design and consisted of three parallel phases: a) oral conjugated equine
estrogen (CEE 0.625 mg/day, as Premarin®, Wyeth-Ayerst), b) oral CEE and
medroxyprogesterone acetate (CEE 0.625 mg/day and MPA 2.5 mg/day, as Prempro®,
Wyeth-Ayerst), and c) placebo.

Participants were followed for a mean of 3.2 years. Of the 309 enrolled subjects, paired
plasma samples at baseline and at year 1 for the assessment of plasma lipoprotein
subpopulations were available in 250 women. Paired baseline and follow-up coronary
angiography assessments were available in 217 women. Diabetes was defined as use of
hypoglycemic medications or a fasting glucose level ≥126 mg/dl.
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Measurement of plasma lipids, remnant lipoproteins and HDL subpopulations
Fasting blood samples were obtained from study participants at the baseline and the year-1
visits. Blood was drawn in tubes containing 0.1% EDTA and plasma was separated by
centrifugation at 1000 x g for 30 min at 4 °C. Plasma total cholesterol (TC) and TG
concentrations were measured by automated assays (17). HDL-C levels were measured after
precipitation of apo B-containing lipoproteins with heparin-manganese (18). LDL-C levels
were calculated with the Friedewald formula (19). Plasma apolipoprotein (apo) A-I and apo
C-III levels were measured with immunoturbidimetric assays (Wako Diagnostics,
Richmond, VA) (20).

Plasma concentrations of remnant-like lipoprotein cholesterol (RLP-C) were measured using
an immunoseparation technique (Polymedco, Cortlandt Manor, NY) (21).

Apo A-I-containing HDL subpopulations were measured by 2-dimensional gel
electrophoresis, as previously described (22). HDL were separated into 8 subpopulations
(pre-β1, pre-β2, α1, α2, α3, pre-α1, pre-α2, and pre-α3) according to charge, size, and
composition. The concentration of each HDL subpopulation was calculated multiplying its
percentage by the total plasma apo A-I concentration and was expressed as mg/dl of apo A-
I.

Plasma CRP levels were measured with an enzyme-linked immunosorbent assay (American
Laboratory Products Co., Windham, NH) (23).

Coronary angiography
Quantitative coronary angiography was performed at baseline and after approximately 3.2 y
of follow-up, as previously described (9;16). Analysis of angiograms was performed in pairs
with a previously validated system of cine-projection (SME 3500, Sony, Park Ridge, NJ).
The mean intra-operator difference between blinded duplicate measurements of minimal
diameter was 0.02 mm. The reference, minimal (the point of greatest narrowing), and
average luminal diameters were obtained for 10 proximal epicardial coronary artery
segments, as previously described (9;16).

Statistical analysis
All analyses were based on intent-to-treat. Skewed variables were log-transformed before
analysis. Changes in plasma lipid and lipoprotein variables were calculated as: Value year 1 –
Value baseline. The change in mean minimum coronary artery diameter (MMD) was
calculated as: MMD follow-up − MMD baseline. We have previously reported a similar effect
of CEE and CEE+MPA on plasma lipoproteins (24). Therefore women randomized to either
one of these two treatments were combined in one group and compared to placebo-treated
women. The effects of treatment on plasma concentrations of lipids, apolipoproteins, and
lipoprotein subspecies were tested by multiple regression analysis. The model was adjusted
for age, race, smoking, and use of lipid-lowering medications. Diabetes and the interaction
between diabetes and treatment were also included in the model. Analysis of covariance was
used to test the hypothesis of an association between changes in MMD and changes in
lipoprotein subspecies. The model was adjusted for baseline minimal coronary lumen
diameter, age, BMI, race, smoking, use of lipid-lowering medications, A P value <0.05 was
set as statistically significant. The magnitude of treatment effect, or effect size, was assessed
with the formula by Cohen: d = M1 - M2/SDpooled, where M1 is the mean change during
placebo, M2 is the mean change during HRT, and SDpooled is = √[(SD 1+ SD 2)/2] (25).
According to Cohen (25), an absolute d value of less than 0.3 is defined as a small effect
size, while a d greater than 0.8 is considered a large effect size.
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RESULTS
At baseline, 182 of the ERA subjects participating in this study were free of diabetes and 68
had type 2 diabetes mellitus (Table 1). Women with diabetes were significantly younger and
had a higher BMI than women without diabetes. The percentage of African-Americans was
higher in the diabetes group than in the group without diabetes. Baseline fasting plasma
glucose levels were higher in diabetic than non-diabetic women, but blood pressure and
coronary artery mean minimum lumen diameter were similar between the two groups of
women.

Plasma TG, remnant lipoprotein cholesterol (RLP-C), and apo C-III levels, but not plasma
TC or LDL-C levels, were significantly higher in diabetic than in non-diabetic women at
baseline (Table 2). Plasma HDL-C levels were significantly lower in diabetic women.
However, no differences were observed in plasma apo A-I levels or in the apo A-I-
containing HDL subpopulation profile between the two groups of women, with the
exception of a slight elevation in levels of small pre-α3 particles in diabetic women (Table
2). Plasma CRP levels were significantly higher in women with diabetes than in non-
diabetic women (Table 2). At year 1, after adjustment for treatment effects, the differences
in plasma TG, remnant lipoproteins, and HDL-C between subjects without and with diabetes
were even more marked. In addition, at year 1, the mean plasma concentration of HDL α2
particles was significantly lower in diabetic than in non diabetic women (Table 2). However,
the difference in plasma CRP levels was no longer present.

In a multiple regression analysis adjusted for age, race, use of lipid-lowering medications,
and smoking, the on-trial changes in TC and LDL-C levels were significantly associated
with treatment (Table 3). HRT did not significantly affect plasma TG or apo C-III levels.
Nevertheless, plasma RLP-C levels were significantly reduced by HRT. Plasma HDL-C and
apo A-I levels and the HDL subpopulations pre-β1, α1, α2, α3 and pre-α1 were significantly
increased by HRT. Overall, HRT caused similar and significant changes in plasma
lipoproteins in both diabetic and non-diabetic women, but the changes in HDL-C and preα2
particle levels were significantly lower in women with diabetes than those in healthy
women. There was a statistically significant interaction (p<0.02) between HRT and diabetes
status for the change in HDL α1 particle levels, with lower increases in α1 levels in diabetic
women on HRT, relative to placebo, than in women without diabetes (Table 3). A trend for a
similar interaction between HRT and diabetes was also observed for α2 particles. This is
also indicated by the large effect size for α1 and α2 in non-diabetic but small effect size in
diabetic women. The observed interaction was not affected by the type of HRT, as similar
changes in HDL, apo A-I, α1 and α2 particle levels were observed in the CEE and CEE
+MPA arms of the study, when analyzed by diabetes status (Figure 1).

Plasma CRP levels were significantly increased by HRT, relative to placebo, but there was
no interaction between treatment and diabetes status (Table 3).

Coronary artery atherosclerosis progressed significantly more in diabetic women than in
healthy women, but HRT treatment did not affect the degree of progression in either group.

We have previously reported in this population a significant association of on trial changes
in remnant lipoprotein cholesterol and HDL pre-β1 levels with progression of coronary
atherosclerosis (24). As shown in Table 4, even though these associations were no longer
significant when analyses were carried out separately in subjects without or with diabetes,
the magnitude of the effect was similar in the two groups.
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DISCUSSION
Type 2 diabetes mellitus significantly increases the risk of CHD(2). In this study, women
with diabetes had a higher BMI, and were more likely to be African-Americans. These
findings are in agreement with the current literature (2;26). Mean minimum coronary artery
diameter was similar in diabetic and non-diabetic women, but diabetic women were
significantly younger, indicating earlier disease with diabetes.

Subjects with diabetes characteristically display higher plasma TG and lower HDL-C levels
than normal subjects. The increase in plasma TG levels is caused in part by an increased
synthesis of TG-rich very low-density lipoproteins (VLDL) by the liver (7). In diabetes,
insulin resistance promotes the release of free fatty acids from adipose tissue, resulting in
greater hepatic availability of substrate for VLDL synthesis (27). In addition, a reduction in
TG-rich lipoprotein clearance has been observed in insulin-resistance states, due to an
increase in plasma levels of apo C-III, an inhibitor of lipoprotein lipase (LPL) (28). The
combination of increased synthesis and delayed clearance results in higher concentrations of
circulating TG-rich and remnant lipoproteins and an increased atherogenic potential. TG-
rich lipoproteins also act as substrate for the cholesteryl ester transfer protein (CETP): in
hypertriglyceridemic states, the increased CETP activity, coupled with an increase in the
expression of hepatic lipase, leads to increased catabolism of the large HDL particles
resulting in decreased overall HDL size and HDL-C levels (8). Likewise, in our study,
women with diabetes had significantly higher plasma levels of TG and remnant lipoproteins
and lower plasma levels of HDL-C than non-diabetic women. These observations are
consistent with findings from the Framingham Offspring study (29). In addition, we found
significantly higher plasma levels of apo C-III in women with diabetes, in agreement with
previous findings (30) (31). Apo C-III gene expression is down-regulated by insulin (32).

Women with diabetes had a faster progression of coronary disease, relative to women
without diabetes, but HRT did not affect disease progression in either group. Similarly to
our findings, Howard et al (15) had found faster atherosclerosis progression in diabetic
women than in non-diabetic women participating in the Women’s Angiographic Vitamin
and Estrogen (WAVE) Study. However, when the effect of HRT on coronary disease
progression was examined in the latter study, it was found that HRT was associated with
significantly faster atherosclerosis progression in coronary segments initially free of disease
in diabetic women, but not in non-diabetic women (15). These effects were accompanied by
a worsening of CRP levels with HRT in women with diabetes but not in women without
diabetes (15). No effect of HRT was observed on the progression in diseased segments (15).
These results are somewhat in disagreement with our data, which indicate no interaction
between HRT and diabetes status on CRP or atherosclerosis progression. However, in our
analysis, we did not distinguish between diseased and non-diseased coronary artery
segments. In a cross-sectional study of 212 diabetic and 411 non-diabetic postmenopausal
women, Dubuisson et al (33) found greater carotid artery intima-media thickness in women
with diabetes, relative to women without diabetes. However, current and former HRT use
was associated with lower intima-media thickness in the internal but not the common carotid
artery, relative to non-users, both in diabetic and non-diabetic women (33). The
observational nature of the study may explain the protective effect of HRT on
atherosclerosis, as most observational studies have suggested a reduction in CHD risk with
HRT (34).

HRT has been shown to increase plasma TG levels by increasing the production of TG-rich
VLDL particles (35). Thus, HRT would be expected to worsen hypertriglycridemia in
diabetes. We found that women with diabetes had a non-significant increase in TG levels
during HRT, but this was not statistically different from the effect of HRT on TG levels in
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women without diabetes. On the other hand, both groups of women experienced a
significant, and similar in magnitude, reduction in remnant lipoproteins. A significant
reduction in the postprandial elevation in TG levels in diabetic women treated with HRT,
relative to placebo, has been reported (36), and a reduction of intestinal TG-rich lipoproteins
during treatment with estrogen has been reported in non-diabetic women (37). The reduction
in postprandial TG and in remnant lipoprotein levels with HRT could be mediated by a
faster clearance of TG particles, either via enhanced receptor-mediated clearance or by
increased lipolysis. Estrogen has been shown to increase the expression of hepatic LDL
receptors in rats (38) and the expression of LPL in heart muscle in mice (39). In our study,
apo C-III was not significantly modified by HRT, making it unlikely that apo C-III
contributed to the reduction in remnant lipoproteins with HRT. HRT has been shown to
improve insulin-resistance in postmenopausal women (13), but it is not known if this plays a
role in the lipoprotein changes. HRT is also known to reduce plasma LDL-C and increase
plasma HDL-C levels. We found that HRT was effective in lowering LDL-C both in women
with and without diabetes. In addition, HRT resulted in significant increases in plasma
HDL-C and apo A-I levels.

During HRT, a significant increase in the level of the major HDL subpopulations was
observed. We observed an interaction between treatment and presence of diabetes for the
change in HDL particles, with a significantly smaller increase in large α1 particle levels and
a trend for smaller increases in α2 particle levels by HRT in diabetic compared to non-
diabetic women. Moreover, α2 particle levels were significantly lower and α1 particle levels
tended to be lower in women with diabetes than in women without diabetes at year 1, after
adjustment for treatment effects, suggesting that diabetes is associated with both lower
levels of the large HDL particles and with a reduced response to HRT. The reduced increase
in α1 and α2 particles following HRT treatment in diabetic women, compared to non-
diabetic women, may be due to the fact that diabetic women had significantly higher TG
levels than non-diabetic women and therefore an impaired HDL metabolism. It is well
documented that high plasma levels of α1 and α2 particles are significantly associated with
less atherosclerosis (40–42). Therefore, it may be hypothesized that, in diabetic women,
lower levels of large HDL particles lead to a less efficient reverse cholesterol transport and
contribute to a faster atherosclerosis progression. The faster coronary atherosclerosis
progression in diabetic women than in non-diabetic women is consistent with the increased
risk of CHD conferred by the presence of diabetes and indicates that “beneficial” changes in
plasma lipoproteins with HRT do not significantly retard the progression of atherosclerosis
in diabetic women. Moreover, since post-treatment levels of TG-rich lipoprotein and HDL
were still worse in diabetic than in non-diabetic women, these differences may still have
contributed to the faster progression of CHD in diabetic women.

A limitation of this study is that our data do not provide definitive information but rather
suggest provocative patterns that need to be more fully explored in larger data sets. Since
HRT is still used by postmenopausal women for the relief of vasomotor symptoms, if
diabetes does indeed attenuate the favorable effects of HRT on HDL particles, our results
would shed additional light on the results of HRT clinical trials and provide additional
motivation for glucose regulation in women contemplating HRT.

In conclusion, HRT-related changes in markers of CHD risk are significantly affected by the
presence of abnormal glucose metabolism. More research is warranted to determine if
normalization of glucose metabolism will lead to more favorable effects of HRT on
lipoprotein profiles.
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Figure 1.
Changes in HDL-C, apo A-I, and α1 and α2 particles according to treatment phase in
postmenopausal women without diabetes (upper panel) and with diabetes (lower panel).
Data shown as mean changes and SD. CEE, conjugated equine estrogen arm, CEE+MPA,
conjugated equine estrogen plus medroxyprogesterone arm.
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Table 1

Baseline characteristics of CHD women without and with diabetes in the ERA trial.

No Diabetes (N=182) Diabetes (N=68) P *

Age, y 66 (7) 64 (7) 0.01

BMI, kg/m2 28.22 (7.7) 33.8 (6.7) 0.0001

Race, % 0.001

 White 88 69

 Black 8 26

 Other 4 5

Smoking, % 24 16 0.24

Lipid lowering medications, % 33 34 0.88

Plasma glucose, mg/dl 99 (16) 170 (51) 0.0001

Systolic blood pressure, mm Hg 134 (18) 138 (16) 0.13

Diastolic blood pressure, mm Hg 74 (8) 75 (9) 0.52

(N=158) (N=59)

Min lumen diameter, mm 1.93 (0.33) 1.90 (0.40) 0.49

Data are mean (SD);

*
P value, Mann-Whitney test for continuous variables and Fisher exact test for categorical variables
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