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Abstract

Aims Low-dose continuous oestrogen/progestogen may increase patient
compliance long-term but the cardioprotective effects in diabetes are
unknown. The aim of this study was to compare the effect of low-dose oral
oestrogen (1 mg, 17-B-estradiol) treatment with oestrogen (1 mg 17-B-
estradiol) in combination with low-dose (0.5 mg) continuous norethisterone
acetate (NETA) on lipoproteins in Type 2 diabetic patients.

Methods Thirty-four post-menopausal Type 2 diabetic patients in moderate
control (mean haemoglobin A;. 7.7%) who had a serum oestradiol level of
< 50 pg/ml were examined over a 6-month period. Serum lipids, and
lipoprotein composition of very low density lipoprotein (VLDL), low density
lipoprotein (LDL) and high density lipoprotein (HDL) were measured. Serum
lipoprotein(a) was determined by an ELISA method, LDL fatty acids by gas—
liquid chromatography and LDL oxidizability by thiobarbituric acid reactive
substances (TBARS assay). Cholesteryl ester transfer protein (CETP), and cell
cholesterol were measured.

Results There was a reduction in serum cholesterol on both treatments but no
significant difference between treatment groups. LDL cholesterol decreased by
17% in each group. There was a no significant difference between the groups
in serum VLDL or HDL cholesterol or serum triglycerides during the study.
The change in lipoprotein(a) during the study was not significantly different
between the groups. There was no significant difference in 4 h LDL
oxidizability between groups. Although CETP increased with time in both
groups there was no significant difference in the change between the groups.

Conclusion In this small study, the addition of continuous low-dose NETA did
not reduce the potentially beneficial effects of low-dose 17-B-estradiol on the
progression of atherosclerosis in diabetes.
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Introduction

Type 2 diabetic patients have up to a fivefold increase in
cardiovascular disease. The major abnormalities in lipo-
proteins in Type 2 include raised serum triglyceride, low
high density lipoprotein (HDL) cholesterol and abnormal
composition of low density lipoprotein (LDL). This
abnormal composition leads to increased oxidizability
which is mostly a result of increased linoleic acid in the
LDL fraction [1,2]. These abnormalities are considered to
be potentially atherogenic. There is some suggestion that
patients with diabetes lose the protective effect of
oestrogen on cardiovascular disease seen in non-diabetic
women of childbearing age [3]. This has prompted research
into the effect of oestrogen and progestogen in diabetes
after the menopause when diabetic subjects are at most risk
of cardiovascular events.

The beneficial effects of oestrogen on lipid profiles
include lowering total cholesterol and LDL cholesterol and
raising HDL cholesterol. Some of these effects may be
neutralized by the addition of progestogen, which is
necessary to prevent endometrial hyperplasia and the risk
of endometrial cancer [4-6]. Recently, hormone replace-
ment therapy in post menopausal women has been
administered as combined oestrogen/progestogen in a
continuous instead of cyclical manner in an effort to
inhibit menstruation. The dose of oestrogen replacement
which has most benefit and least side-effects has yet to be
defined. A low-dose preparation combining estradiol/
norethisterone acetate has been investigated in non-
diabetic women and found to have high patient accept-
ability with beneficial effects on lipids [6] bone loss [7] and
vasomotor symptoms as well as providing good endo-
metrial protection [8]. There is little data on the effect of
combined oestrogen/progestogen hormone replacement in
diabetes. In a recent case-controlled study of post-
menopausal oestrogen use and incident myocardial infarc-
tion (MI) in diabetic women, current use of oestrogens was
associated with a reduced risk of MI relative to never use
although the 95% confidence interval for the relative risk
was wide. The sample was small and did not include
enough hormone users to examine separately various
oestrogen doses or combined oestrogen/progestogin
therapy [9]. Short-term estradiol replacement in post-
menopausal women with Type 2 diabetes has been shown
to improve insulin sensitivity in the liver and glycaemic
control. It also reduced LDL cholesterol and increased
HDL cholesterol [10]. Estradiol i vitro has an inhibitory
effect on the oxidation of low density lipoprotein [11-13]
but this may not occur in vivo [14].

The effect of progestogen is variable: most progestogens
appear to attenuate the oestrogen-induced increase in HDL
[15] or even reduce HDL levels [5,6]. Some progestogens
lower LDL cholesterol and raise triglyceride levels [4]
whereas others have been reported to decrease triglycerides
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[16] orleave them unchanged [5,6]. Hypertriglyceridaemia
is a major lipid disturbance in diabetes and may be
associated with small dense LDL [17]. Small dense LDL is
potentially more atherogenic because it is more easily
oxidized. Thus the specific type, dose and method of
administration of HRT may have very different effects
particularly in diabetes

The purpose of this study was to investigate the effect of
six months treatment with low dose estradiol as compared
to continuous low dose estradiol together with low dose
norethisterone acetate on lipoprotein composition and
LDL oxidizability in post-menopausal subjects with Type 2
diabetes mellitus.

Patients and methods

Patients

Forty-two postmenopausal, Type 2 diabetic patients were
recruited for a randomized, parallel, double-blind study. The
subjects were chosen from patients attending the diabetic clinic.
Post-menopausal Type 2 diabetic women, under the age of
70 years, who were treated with diet alone or diet and oral
agents and who had had a spontaneous menopause more than 1
year previously or hysterectomized women, were asked to take
part in the study. People suffering from liver or thyroid disease,
hypertension, proliferative retinopathy and those on lipid-
lowering therapy or B-blockers were excluded from the study.
Women with carcinoma of the breast or a family history of
carcinoma of the breast were excluded. Women with any known
or suspected estradiol-dependent neoplasia and those with deep
venous thrombosis, thromboembolic disorders and cerebro-
vascular accidents associated with estradiol use were also
excluded. Only subjects with plasma estradiol < 50 pg/ml,
follicle stimulating hormone (FSH) > 40 mIU/ml, plasma
cholesterol 8.5 mmol/l, blood glucose < 10 mmol/l and body
mass index (BMI) = 30 kg/m? were included in the study. Other
exclusion criteria were myocardial infarction in the past year
and history of hypoglycaemia unawareness. The study was
approved by the Hospital Ethics Committee and all subjects
gave informed consent.

A screening visit was performed to evaluate the inclusion
criteria and subjects underwent an endometrial biopsy or
vaginal ultrasound to measure endometrial thickness. Thirty-
eight subjects with normal screening tests were randomized (1:1
in blocks of 4) to 6 months daily treatment with either 1 mg 17-
B-estradiol (1 = 19) or 1 mg 17-B-estradiol + 0.5 mg norethis-
terone acetate (NETA) (Activelle) (Novo Nordisk, Bagsvaerd,
Denmark) (7 = 19). Women entering the study were given the
lowest free randomization number. Each woman’s treatment
assignment was available in a sealed envelope and the code was
not broken for any women during the study. Tablets were
identical and were dispensed in identical 28-day packs. Patients
diet was monitored throughout the study as was exercise to
ensure that no major changes took place.

Four patients, all of whom had been randomized to
estradiol + NETA, withdrew from the study before completion,
one as a result of breast tenderness, two through non-
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compliance and one through intermittent pain in the pelvis.
These four patients were excluded from analysis. Nineteen of
those included were therefore taking 17-B-estradiol alone and
15 were taking 17-B-estradiol + NETA. All subjects continued
with their usual anti-diabetic treatment during the study. Of the
estradiol group, six were treated with a sulphonylurea, four with
sulphonylurea + metformin, two with metformin alone, one
with guar and the remaining six with diet alone. Of the
estradiol + NETA group, one woman was treated with sulpho-
nylurea, one with sulphonylurea and guar, three with sulpho-
nylurea and metformin, four with metformin alone and the
remaining six with diet alone.

Methods

Blood was taken at the beginning of the study for baseline
measurements and again at 3 and 6 months. Waist-to-hip ratio
was determined at baseline and at 6 months. BMI (kg/m?) and
indices of glycaemic control were measured at baseline, 3 and
6 months. Blood haemoglobin A;. (HbA;., normal value
< 7.0%) was determined using an affinity binding assay
(Abbott IMx, IL) and fructosamine was measured using a kit
from Boehringer Mannheim (Mannheim, Germany). Serum
insulin was determined by a microparticle enzyme immuno-
assay (Abbot Diagnostic Laboratories) which does not cross-
react with proinsulin.

Lipoprotein isolation

Blood samples for lipoprotein isolation and mononuclear
leucocyte preparation were taken into heparinized tubes and
centrifuged within 1h to separate plasma and cells.
Ethylenediaminetetraacetic acid (1 mg/ml) and butylated
hydroxytoluene were added to the plasma to prevent LDL
oxidation. VLDL (density < 1.019 g/ml) LDL (density 1.019—
1.063 g/ml) and HDL (density 1.063-1.21 g/ml) were isolated
from plasma by sequential ultracentrifugation [18]. Plasma and
lipoprotein total and free cholesterol and triglycerides were
determined using enzymatic colorimetric assays (Boehringer
Mannheim). LDL protein was measured by a modification of the
Lowry technique [19]. Plasma LDL cholesterol was determined
using the Friedewald equation and plasma HDL cholesterol was
determined following precipitation of the apo B-containing
lipoproteins with HDL reagent A (Immuno GmbH, Heidleberg,
Germany). Lipoprotein(a) (Lp(a)) was measured using an
enzyme-immunoassay IMMUNOZYM Lp(a) (Immuno,
Sevenoaks, Kent, UK). Samples from the same patient were
stored frozen at —=70°C and all assayed on the same plate

LDL oxidizability

The susceptibility of LDL to in vitro oxidation was determined
by measuring thiobarbituric acid reactive substances (TBARS)
as previously described [20]. LDL, which had been stored frozen
at =70°C was diluted with phosphate-buffered saline (PBS)
immediately prior to oxidation to give a concentration of
300 pg protein/ml and dialysed at 4°C for 24 h against 2 X 5 |
of PBS to remove antioxidants. LDL was oxidized by incubating
with 10 umol/l CuSOy at 37°C for up to 4 h. The oxidation was
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terminated by addition of EDTA (0.1 mmol/l) at 4°C. The
degree of oxidation was assessed by measuring malondialde-
hyde (MDA) [21]. The intra-assay variation for the TBARS
method was 3.4%. Baseline, 3 and 6 month samples from each
patient were determined in the same assay.

LDL fatty acids

Heptadecanoic acid (100 pg) was added as an internal standard
to LDL (1 mg/ml LDL protein) and the lipids were extracted by
a modification of the method of Folch et al [22]. The organic
fraction was dried with anhydrous sodium sulphate. The
samples were dried under nitrogen and transmethylated [23].
Following transmethylation, the fatty acids methyl esters were
extracted into hexane, dried under nitrogen and reconstituted in
iso-octane immediately prior to determination by gas-liquid
chromatography. The fatty acids were analysed in a Shimadzu
GC-14 A gas chromatograph (Shimadzu, Kyoto, Japan)
equipped with a capillary fused silica Permabond FFAP-DF-
0.1 (25 m X 0.25 mm internal diameter) column (Durren,
Germany). Fatty acids were expressed as a percentage of total
fatty acids or quantified using the internal standard and
expressed aspug/mg LDL protein as previously described [2]
(intra-assay and interassay variations were 1.8 and 2.6%,
respectively).

Cholesteryl ester transfer protein activity

Cholesteryl ester transfer protein (CETP) activity was measured
by the method of Groener et al [24] using pooled [**CJoleate-
labelled LDL and unlabelled HDL from healthy subjects.
Patients’ plasma was treated with polyethylene glycol (HDL-
reagent A, Inmuno GMBH Heidleberg, Germany) (1/2 v/v) to
precipitate endogenous VLDL and LDL. The supernatant from
this procedure was incubated for 4 h at 37°C with [**C]oleate-
cholesteryl ester-labelled LDL and unlabelled HDL which act as
donor and acceptor of transferred cholesteryl ester. Dithiobis-
nitrobenzoic acid (140 mmol/l), was included to inhibit
lecithin:cholesteryl acyltransferase. LDL was separated from
HDL by dextran sulphate (2 mol/l)-MgCl, (10 g/1) precipitation
and radioactivity measured as the bi-directional transfer of
cholesteryl ester between radiolabelled LDL and unlabelled
HDL. Results were expressed as nmol of ester transferred/ml
plasma/h. Serum samples were stored frozen at =70°C following
collection and all assayed in the same batch. The intra-assay
variation was 10%.

Cellular cholesterol

Peripheral blood mononuclear cells (PBMC) were isolated from
the patients blood at baseline, and at 3 and 6 months by
centrifugation on Ficoll/Hypaque gradients using the method of
Boyum [25]. Cells were stored frozen at -70°C and cell
cholesterol determined in a single batch at the end of the study.
Cell cholesterol was measured by a fluorimetric assay [26].
Cholesterol from PBMC was extracted into hexane/isopropa-
nol. Total cell cholesterol was measured after enzymatic
hydrolysis of cholesteryl esters, by oxidation of free cholesterol
and reaction with p-hydroxyphenylacetic acid in the presence of
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Table1 Patient characteristics and diabetic control at baseline and after 6 months treatment with estradiol or estradiol + NETA.

Baseline 3 month 6 month

Estradiol (7 = 19)

Age 65 (64-66) - -

BMI (kg/mz) 27.7 (26.5-28.9) 27.8 (26.5-29.1) 28.1 (26.8-29.4)

Waist-to-hip 0.9 (0.8-0.9) - 0.8 (0.7-0.8)

HbA . (%) 7.7 (7.1-8.2) 7.7 (6.4-8.3) 7.8 (7.0-8.6)

Blood glucose(mmol/l) 8.3 (7.4-9.2) 8.6 (7.5-9.7) 8.8 (7.5-10.1)

Fructosamine (umol/l) 366 (329-402) 323 (298-347) 332 (308-356)

Fasting serum insulin(uU/ml) 7.4 (5.4-9.4) 8.4 (5.8-11.0) 7.6 (6.3-8.9)
Estradiol + NETA (n = 15)

Age 62 (58-66) - -

BMI (kg/mz) 27.8 (26.2-29.3) 27.9 (26.3-29.4) 27.7 (23.9-31.5)

Waist-to-hip 0.8 (0.4-1.2) - 0.9 (0.8-1.0)

HbA . (%) 7.2 (6.8-7.6) 7.2 (6.8-7.6) 7.5 (6.0-9.0)

Blood glucose (mmol/l) 8.2 (7.3-9.1) 8.5 (7.4-9.6) 8.0 (7.3-8.8)

Fructosamine (wmol/l) 358 (325-391) 338 (369-375) 324 (296-352)

Fasting serum insulin (uU/ml) 9.8 (7.6-12.0) 9.3 (6.1-12.5) 8.8 (6.7-10.9)

Difference between groups
(estradiol — estradiol + NETA)

BMI -0.35 (-1.09-0.40)
waist/hip 0 (-0.05-0.05)
HbA . (%) 0.10 (-0.77-0.98)
Blood glucose (mmol/l) -0.70 (-2.08-0.67)
Fructosamine (umol/l) —-5.52 (-44.0-33.01)
Fasting serum insulin(uU/ml) -0.08 (- 0.05-1.89)

Mean (95% confidence intervals)

peroxidase to form a fluorescent product. Results were
expressed as mg cholesterol/mg cell protein. Cells were assayed
induplicate in the same assay batch and the intra-assay variation
was 7.5%.

Statistical analyses

Results were expressed as mean with confidence intervals.
Statistical analysis was performed using Student’s t-tests for
between group analysis and ANOVA analysis of variance for
repeated measures, with time included as a factor, using SAS
(release:11.6 for Unix; SPS Institute, Cary, NC). Correlation
coefficients were determined by linear and multiple regression
analysis using Statworks software (Computer Associates
International, Islandia, NY) on an Apple Macintosh computer.
Data were analysed using an analysis of covariance approach.
Six-month values were modelled as a function of treatment (E or
E + NETA) with baseline values included as a covariate. This
approach estimates the difference between those receiving
oestrogen alone and those receiving oestrogen and NETA
corrected for differences between the groups in initial values of
the parameter being examined. Specifically, the estimate of the
difference between the groups is an estimate of the effect of
treatment at the mean level of the pretreatment values. Data
were analysed using Stata Release 6 (Stata Corporation, College
Station, TX). Lp(a) was log-transformed before analysis, which
improved its fit to a normal distribution. The resulting
distribution was narrower than a true normal distribution, but
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symmetrical, and correlated 0.950 with the values expected
from a normal distribution. A P-value of < 0.05 was considered
to be statistically significant

Results

Subjects characteristics at baseline, and 6 months are given
in Table 1. The patients were of similar age. There was no
significant difference in BMI between the groups at the
beginning of the study and no difference between the groups
during the study. There was no difference in waist-to-hip
ratio between the groupsand nochange with time. The other
parameters also remained unchanged during the study and
in particular there was no change in diabetic control or
fasting serum insulin. No subject had clinical evidence of
endometrial hypertrophy at the end of the study. In the
estradiol alone group, one subject had simple hyperplasia
withoutatypia, the others were classified as beingnormal. In
the estradiol + NETA one subject had an endometrial polyp
at the end of the study and the rest were normal.

Estradiol and follicle stimulating hormone (FSH) levels
showed no difference in the two groups at the beginning
(estradiol 16.8 (9.9-21.9) and estradiol+ NETA 19.9
(14.1-25.7) pg/ml) and end of the study 96.0 (57.3-
134.7) and 102 (71.7-133.3)pg/ml). FSH decreased in
both groups from 56.2 (49.4 to 63.0) to 30.7 (24.4-37.0)
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Table2 Effect of 6 months’ treatment with estradiol or estradiol + NETA on plasma lipoproteins

Baseline 3 month 6 month Change 0-6 months
Estradiol (7 = 19)
Cholesterol (mmol/l) 8 (6.2-7.4) 3 (5.7-6.8) 1(5.7-6.5) -0.65 (0.2-1.1)
LDL cholesterol (mmol/l) 8 (4.3-5.2) 1 (3.6-4.6) 9 (3.6-4.2 -0.8 (0.5-1.3)
HDL cholesterol (mmol/l) 3 (1.1-1.5) 3 (1.1-1.5) 3 (1.1-1.5) 0.05 (-0.1-0.2)
VLDL cholesterol (mmol/l) 7 (0.5-0.9) 8 (0.6-1.0) 8 (0.6-1.0) -0.1 (-0.6-0.2)
Triglyceride (mmol/l) 7 (0.4-2.1) 8 (1.6-2.3) 7 (1.3-2.0) 0.0 (-0.2-0.3)
Lp(a) (log mg/dl) 2 (0.9-1.5) 2 (0.9-1.5) 2 (0.9-1.5) -0.1 (0.1-0.15)
Range (median) 1-144 (16) 1-168 (11) 1-168 (18)
Estradiol + NETA (n = 15)
Cholesterol (mmol/l) 1 (5.6-6.6) 6 (5.0-6.2) 6 (5.0-6.2) -0.5 (0.2-0.8)
LDL cholesterol(mmol/l) 3(3.8-4.8) 7 (3.1-4.3) 5 (3.0-4.0) -0.7 (0.3-1.2)
HDL cholesterol(mmol/l) 1.1 (0.9-1.2) 1(1.0-1.2) 2 (1.0-1.3) 0 (=0.05 to —0.1)
VLDL cholesterol(mmol/l) 8 (0.7-0.9) 8 (0.6-1.0 0.8 (0.5-1.1) 0 (-0.1 to -0.2)
Triglyceride (mmol/l) 8 (1.4-2.2) 8 (1.4-2.2) 9 (1.4-2.4) 0.1 (-0.3-0.4)
Lp(a) (log mg/dL) 4 (1.0-1.8) 2 (0.8-1.6) 2 (0.8-1.6) -0.1 (0.0-0.2)
Range (median) 1-176 (35) 1 132 (28) 1-110 (31)

Difference between groups

(estradiol — estradiol + NETA)

Cholesterol (mmol/l) -0.16 (-0.62-0.31)
LDL cholesterol (mmol/l) -0.11 (-0.57-0.34)
HDL cholesterol (mmol/l) 0.06 (-0.22-0.10)
VLDL cholesterol (mmol/l) -0.03 (-0.25-1.20)
Triglyceride (mmol/l) 0.08 (-0.35-0.51)
*Lp(a) (log mg/dl) -0.05 (-0.17-0.07)

Mean (95% confidence intervals). *A difference of ~0.051 in the means of the log values is equivalent to a ratio of 1:(1-0.051) between the

geometric means of the two groups.

mU/ml in the estradiol group and from 61.1 (32.9 to 70.7)
t022.5 (17.0-28.0) mU/ml in the estradiol + NETA group.
There was no significant difference between the groups at
the beginning or end of the study.

Plasma lipoproteins and lipoprotein composition

Lipoprotein levels are shown in Table 2. During the trial
there was areductionin total plasma cholesterol from 6.8 to
6.1 mmol/lintheestradiol group and from 6.1 to0 5.6 mmol/l
in the estradiol + NETA group but no significant difference
inthechange betweenthe groups. There wasa 17% decrease
between 0 and 6 monthsin LDL cholesterol in both groups.
The 17-B-estradiol group change of 0.8 (0.5-1.3) mmol/l
wasnotsignificantly different fromthe 0.7 (0.3-1.2) mmol/l
for the 17-B-estradiol + NETA group. Lp(a) decreased by
29% in the estradiol + NETA group but there was no
significant difference in the change between the groups.
There was no significant change in plasma triglycerides or
VLDL cholesterolandnochangein plasma HDL cholesterol
during the study. VLDL composition was not significantly
different in the two groups at baseline and there was no
change in VLDL composition over the course of the study
with regards to triglyceride, cholesterol phospholipid and
protein. LDLand HDL compositions were similarinthe two
groupsandneither changed with either treatment during the
study.

LDL fatty acid composition and oxidizability

Neither total nor polyunsaturated fatty acids were
significantly different at baseline or at the end of the study
between the groups (Table 3). There was no significant
difference in the change in LDL oxidizability between the
groups (Table 4).

Cholesteryl ester transfer protein (CETP) and cell
cholesterol

There was a 9% increase in CETP in the estradiol group
and a 17% increase in the estradiol + NETA group over
time. The increase was not significantly different between
the groups (Table 5). Cell cholesterol was similar in the
estradiol and estradiol + NETA groups at the beginning of
the study (29.2 (25.9-32.5) and 29.3 (25.9-32.7) ug/mg
cell protein) and at 6 months (30.6 (28.0-33.2) and 28.2
(25.1-31.3) ug/mg cell protein). There was no difference
between the groups during the study.

Discussion

Diabetes carries with it an increased risk of cardiovascular
disease. The dyslipidaemia of diabetes is thought to be an
important reason for this increased risk. Most studies have

© 2000 British Diabetic Association. Diabetic Medicine, 17, 308-315



DIV Original articles 313
.‘ k | riginal articles
Table3 Low density lipoprotein (LDL) fatty acids (ug/mg LDL protein) before and during treatment with estradiol or estradiol + NETA
Palmitic Palmitoleic Stearic Oleic Linoleic Arachidonic Total
16:0 16: 1 18:0 18:1 18:2 20 : 4
Estradiol (7 = 19)
Baseline 197 (124-270) 19 (10-28) 65(51-79) 119(80-158) 225(157-293) 35(14-56) 661(495-827)
3 month 223 (184-262) 25 (19-31) 58(45-71) 127(91-163) 236(178-294) 36(15-57) 703(543-863)
6 month 220 (166-274) 22 (16-28)  57(44-70)  121(90-152)  236(176-367) 30(13-47) 682(536-828)
Estradiol + NETA (n = 15)
Baseline 219 (183-255) 28 (17-38) 73(54-92) 146(105 487) 275(200-350) 34(20-48) 777 (614-940)
3 month 229 (165-262) 28 (18-38) 60(50-70) 148(109-186) 282(198-366) 36(20-51) 782(616-948)
6 month 242 (210-273) 31 (20-42) 64(50-78) 173(128-260)  287(209-366) 44(26-62) 841(672-1010)
Difference between groups (estradiol — estradiol + NETA)
Baseline -22 (-318-274) -9 (-38-20) -8 (-92-76) -27 (-417-383) =50 (-1376-1276) 1 (-106-104) -116(-6329-6097)
3 month -6 (-262-250) -3 (-29-23)  -2(-34-30) -21(-373-331) -46 (-1719-1627) 0 (-108-108) -79(-6531-6373)
6 month -22 (-254-210) -9 (-35-17) -7 (-59-45)  -52 (-524-420) -51 (-1488-1386) 14 (-128-100) -159(-6812-6494)
Difference between groups
16: 0 16 : 1 18:0 18:1 18:2 20: 4 Total
5 (-31-42) 3(=6.8-13.7) 3 (-13-18) 22.3 (-10-55) 8 (-55-71) 16 (1-31) 53 (-82-189)
Mean (95% confidence intervals)
Table4 Copper-stimulated low density
Baseline 3 month 6 month lipoprotein (LDL) oxidation at 4 h (mmol
MDA/mg LDL protein)
Estradiol (7 = 19) 48.5 (45.7-51.3) 51.4 (47.4-55.4) 46.9 (43.1-50.1)
Estradiol + NETA (n = 15) 44.3 (40.0-49.0) 43.7 (40.5-46.9) 46.2 (41.4-51.0)
Difference between groups 8.0 (-11.8-27.8)
Mean (95% confidence intervals)
Table5 Cholesterol ester transfer protein
Baseline 3 month 6month (nmol.ml plasma™.h™") during 6 months
treatment with estradiol (z = 19) or
Estradiol 122 (103-141 122 (102-142) 133 (115-151) estradiol + NETA (n = 15)
Estradiol + NETA 119 (106-132) 132 (115-149) 140 (124-156)
Difference between groups 3.07 (-1.37-7.5)

Mean (95% confidence intervals)

shown that post-menopausal oestrogen replacement
therapy confers cardiovascular protection although this
has recently been challenged in a large prospective
secondary prevention trial in older patients [27]. The
purpose of the present study was to examine the effect of
the addition of continuous NETA to estradiol on the
efficacy of estradiol treatment in diabetic patients and a
control group of subjects was therefore not used. Four
patients withdrew from the study. These patients were
found to all be in the estradiol + NETA group. It was to be
expected that if withdrawls were to occur they would have
been mostly in the estradiol+ NETA group since the
addition of progesterone is known to diminish patient
acceptability. The study has demonstrated that 1 mg of
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continuous estradiol treatment reduced total and LDL
cholesterol with no change in serum triglycerides or HDL
cholesterol. The addition of low-dose continuous NETA
did not effect these changes. The reduction in total and
LDL cholesterol is similar to that seen with the usual
2.0 mg estradiol/l mg NETA studies in non-diabetic
patients with average serum cholesterol levels [5,6] and
thus unlikely to be a result of a study effect.

Increase in LDL fatty acids is one of the major
abnormalities of the lipoproteins in diabetes [1,2]. Since
there is good correlation between the oxidizability of LDL
and total fatty acids and, in particular, those fatty acids
with two or more double bonds [2,28-30], the fatty acid
composition of LDL was examined in the presents subjects
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but no significant difference was found between the
treatment groups. There was also no difference between
thegroupsin 18:2 and 20:4 suggesting that the susceptibility
to oxidation of LDL would not be altered. Shwary et al [31]
demonstrated that 17-B-estradiol, but notestrone or estriol,
exhibited antioxidant activity iz vitro. They suggested that
plasma-derived estradiol esters which they found attached
tothe LDL and which were notfound using estrone or estriol
were thereason for the protection. McManusetal[14],inan
examination of non-diabetic women, found a small but
significantdecrease in plasma hydroperoxide concentration
4 weeks after insertion of an estradiol implant. Oral
estradiol + NETA did not alter plasma hydroperoxides
and neither treatment altered lag time to oxidation or the
propagation phase. Thestudyalsodid notsupporttherole of
oestrogens as antioxidants iz vivo.

The reduction in Lp(a) which was demonstrated is
similar to the changes found in non-diabetic subjects where
Lp(a) was reduced by estradiol/progestogen regimes
[5,32,33]. The hypothesis remains that the reduction in
Lp(a) may confer health benefit.

No changes were found in HDL cholesterol after
treatment in the present diabetic patients. This
compares favourably with the significant decrease in
HDL found in studies of non-diabetic women using 17--
estradiol + NETA [5,6]. It also supports the finding in the
ARIC study [34] which demonstrated in a large cross-
sectional population study that the HDL response to
hormone replacement therapy may be blunted in Type 2
diabetes. Brussaard et al [10] in a short 6 week study did
show a small but significant HDL increase with oestrogen
therapy in patients with Type 2 diabetes from 1.2 = 0.47
to 1.47 = 0.56 mmol/l (P < 0.0002). However the effects
of HRT on HDL may wain with time in non-diabetic
subjects [31] and may be dose-dependent.

CETP is raised in diabetes [35,36], and raised CETP is
often associated with low HDL [37]. A recent study,
however, has suggested that among hypertriglyceridaemic
men, low CETP, associated with high HDL, is possibly
atherogenic [38]. Although HDL did not alter in the
present study, the increase in CETP in both groups during
treatment may cause a beneficial increase in turnover of
HDL cholesterol. Esterification of cholesterol in HDL is
the first step in reverse cholesterol transport. Ulloa et al [39]
have demonstrated in non-diabetic subjects an increase in
LCAT following treatment with conjugated equine
oestrogen/medroxyprogestin acetate therapy. This study
together with the present results adds further support to a
role of oestrogen/progestogen in the increase in cellular
cholesterol mobilization.

In conclusion, the present study demonstrates that the
addition of NETA to estradiol does not alter the potentially
beneficial effects of estradiol on lipoproteins in Type 2
diabetic subjects. This may be relevant to risk reduction for
coronary artery disease.
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