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OBJECTIVE — To characterize the long-term impact of four hormone therapy regimens on
insulin and glucose concentrations measured during a standard oral glucose tolerance test.

RESEARCH DESIGN AND METHODS — The Postmenopausal Estrogen/Progestin
Intervention Study was a 3-year placebo-controlled randomized trial to assess effects of four hor-
mone regimens on cardiovascular risk factors. This efficacy analysis describes glucose and insulin
concentrations from 788 adherent women at baseline and at 1 and 3 years’ postrandomization.

RESULTS — When compared with women taking placebo, those taking conjugated equine
estrogen (CEE) at 0.625 mg/day with or without a progestational agent had mean fasting
insulin levels that were 16.1% lower, mean fasting glucose levels 2.2 mg/dl lower, and mean
2-h glucose levels 6.4 mg/dl higher (each nominal P < 0.05). No significant differences were
apparent between women taking CEE only versus the three progestin regimens: medroxy-
progesterone acetate (MPA) at 2.5 mg daily (continuous MPA), MPA at 10 mg on days 1-12
(cyclical MPA), and micronized progesterone (MP) (cyclical) at 200 mg on days 1-12. The
impact of hormone therapy on insulin and glucose depended on baseline levels of fasting
insulin and 1-h glucose (P < 0.05). However, the treatment effects on carbohydrate metabo-
lism appeared to be consistent across participant subgroups formed by lifestyle, clinical, and
demographic characteristics.

CONCLUSIONS — Oral hormone therapy involving 0.625 mg/day of CEE may modestly
decrease fasting levels of insulin and glucose. Postchallenge glucose concentrations are
increased, however, which may indicate delayed glucose clearance.
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diabetes are prevalent health problems
among postmenopausal women (1).
Despite some evidence of possible diabeto-

I mpaired glucose tolerance and type 2

genic effects, postmenopausal hormone
therapy is increasingly prescribed for its
beneficial effects on bone loss and cardio-
vascular risk factors (2). The clinical impact
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of this practice is difficult to characterize.
Even though many reports have examined
the effect of postmenopausal hormone ther-
apy on glucose, insulin, and insulin resis-
tance, there remain considerable differences
in interpretations and conclusions (3-13). It
may be that variations in treatment effects
are attributable to differences in baseline
characteristics among individuals and/or
differences in preparations, doses, or routes
of administration.

The Postmenopausal Estrogen/Progestin
Interventions (PEPI) trial assessed the
impact of four regimens of hormone therapy,
relative to each other and placebo, on car-
diovascular disease risk factors. These
included concentrations of plasma glucose
and serum insulin at fasting and at 1- and 2-
h postchallenge during a standard oral glu-
cose tolerance test (OGTT). PEPI was the
first randomized trial with sufficient size and
diversity to allow a broad characterization of
the impact on these analytes of conjugated
equine estrogen (CEE) therapy, with and
without progestins. It also allowed the con-
sistency of this impact to be explored across
subgroups defined by risk factor profiles.

The initial PEPI report (14) indicated
that assignment to hormone therapy, rela-
tive to placebo, resulted in 1) mean
decreases in fasting insulin of 7-20% that
did not reach statistical significance, 2)
mean decreases in fasting glucose of 2-3%
that were statistically significant, 3) little
change in mean 2-h insulin, and 4) mean
increases in 2-h glucose of 2-7% that
reached nominal statistical significance.
These conclusions were based on statistical
analyses prespecified during the design of
PEPI. Comparisons were performed sepa-
rately on each outcome measure, controlled
for the ten pairwise comparisons among
the five treatment arms, and included all
randomized women regardless of adher-
ence to assigned medication. This approach,
while consistent with good clinical trials
practice (15), in which the aim is to provide
a focused and conservative test of the prin-
cipal study hypotheses, does not generally
provide the best estimates of drug effects.

This current report provides a more
complete description of the impact PEPI
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hormone regimens had on fasting and
postchallenge glucose and insulin. We
make several extensions of the PEPI analy-
ses: 1) unlike the primary intention-to-treat
analysis, this efficacy analysis focuses on the
response of women who were adherent to
their assigned treatment; 2) we provide
estimates of treatment effects attributable to
estrogen, opposition with progestins, type
of progestin, and dosing schedule of prog-
estin; 3) we present results from multivari-
ate analyses that address simultaneously
fasting and postchallenge insulin and glu-
cose measures and allow us to characterize
consistently the impact of therapy on the
relative balance of insulin and glucose lev-
els across time; and 4) we examine the
impact of several patient characteristics
(pretreatment levels of insulin and glucose,
age, body weight, smoking, alcohol intake,
physical activity, and prior hormone use)
on the magnitude of treatment effects. The
prior observation that the magnitude of
treatment effects may be critically related to
the dose (5) supports our decision to limit
our analyses to the subset of women who
were adherent to their assigned medication.

RESEARCH DESIGN AND

METHODS — Detailed descriptions of
the PEPI study design, recruitment prac-
tices, methods, and baseline characteristics
appear elsewhere (16-19). Briefly, PEPI was
a 3-year double-masked placebo-controlled
randomized clinical trial to assess the relative
impact of four hormone therapy regimens
and a placebo regimen on a number of car-
diovascular risk factors, including insulin
and glucose concentrations during an
OGTT. The active regimens were oral CEE
therapy at 0.625 mg daily, alone or in com-
bination with each of three regimens of
progestational agents: medroxyprogesterone
acetate (MPA) at 2.5 mg daily (continuous
MPA); MPA at 10 mg on days 1-12 (cyclical
MPA); and micronized progesterone (MP)
(cyclical) at 200 mg on days 1-12. Placebo
MP was prescribed for days 1-12 for all
women not assigned to active MP; placebo
MPA was prescribed during days 12—28 for
women assigned to cyclical MPA, and daily
for all other women not receiving continu-
ous MPA. Seven clinical centers randomized
875 women into the trial. Key exclusion cri-
teria included 1) natural menopause before
age 44, within 12 months of enrollment, or
>10 years ago; 2) hysterectomy within 2
months; 3) BMI =40 kg/m2; and 4) a med-
ical history contraindicating postmeno-
pausal hormone therapy. All women were

ambulatory and provided informed consent.
Women who were currently taking insulin
or had baseline fasting plasma glucose levels
=7.77 mmol/l were ineligible.

Adherence was defined as having pill
counts of at least 80% of expected during the
6 months before clinic visits. Of the 875 ran-
domized women, 745 (85%) met this crite-
rion for adherence and participated in
glucose tolerance tests at 12 months; 648
(74%) were adherent at 36 months. While
the primary intention-to-treat analysis incor-
porated nonadherent women, this secondary
analysis describes the insulin and glucose
concentrations only of women who were
adherent to their assigned hormone regi-
men. Combined, 788 (90%) contributed at
least one follow-up measure to our analyses.
Adherence varied by treatment assignment
(P < 0.001): the percentages of women who
were adherent for both visits were 72%
(placebo), 54% (CEE only), 81% (CEE +
MPA cyclical), 82% (CEE + MPA continu-
ous), and 77% (CEE + MP). Hysterectomy
status was also associated with adherence (P
= 0.02): 71% of women with a uterus were
adherent, compared with 79% of women
without a uterus. After controlling for these
factors, adherence was not associated with
age, prior hormone therapy, baseline levels of
insulin and glucose, or any other factor con-
sidered in this report. The validity of pill
counts for measuring adherence was con-
firmed by serum estrone levels (20).

A standard 75-g OGTT was performed
between 7:00 and 11:00 a.M. after a 12-h
fast at baseline and 12 and 36 months post-
randomization. Women were instructed to
take 5-10 min to consume the glucose
drink. Venous blood for glucose was col-
lected in EDTA tubes, placed on ice imme-
diately, and centrifuged within 20 min.
Blood for insulin was centrifuged after 45
min at room temperature. Core lab work
was done at the Diabetes Research Training
Center Immunoassay Laboratory, Indiana
University School of Medicine. Plasma glu-
cose was measured using a colorimetric glu-
cose oxidase method, after Somogyi
precipitation (21). The interassay coefficients
of variation during PEPI analyses, based on
Boerhringer Mannheim Diagnostics control
pools, were 2.0 and 1.8% for target glucose
values of 3.94 and 16.10 mmol/l, respec-
tively. Serum insulin levels were assayed in
duplicate using a minor modification of a
double antibody method (22). Based on
analyses of Bio-Rad control pools, interassay
coefficients of variation were 29, 14, and
13% for insulin target values of 49, 297, and

646 pmol/l, respectively. OGTTs were not
restricted to a particular day of the medica-
tion cycle; however, each participants 36-
month follow-up visit was scheduled, as
closely as possible, to occur at the same day
of the cycle as her 12-month visit.

Height, weight, and waist and hip
girths were measured while participants
wore light clothing and no shoes. Cigarette
smoking (current/former/never), current
alcohol intake (drinks per day), and history
of hormone use (ever/never) data were col-
lected by standardized questionnaires.

Statistical analysis

Comparisons of changes (from baseline) of
fasting, 1-, and 2-h glucose and log-trans-
formed insulin concentrations involved
two-sided tests based on Laird-Ware mod-
els (23,24); statistical significance was
assessed with Wald tests (25). To describe
treatment effects, we performed staged
comparisons according to the following
sequence: first, an overall comparison was
made between placebo versus active (all
four active regimens combined) therapy;
second, a comparison was made between
unopposed and opposed (all three estro-
gen/progestin arms combined); third, a
comparison between MP and MPA (2 arms
combined) progestins; and fourth, a com-
parison between MPA continuous and MPA
cyclical progestin regimens. Each compari-
son included differences (at both 12 and 36
months) as dependent variables. Data from
every exam at which a woman met our cri-
terion for adherence (=80% pill count)
were included. This approach, rather than
restricting these analyses to the subset of
women who attended and were adherent at
both exams, was adopted because it is sta-
tistically more robust with respect to miss-
ing data assumptions (26,27). Multivariate
comparisons were performed with the six
analytes (fasting, 1-, and 2-h glucose and
log-transformed insulin) comprising the
dependent variable and with analyte by
treatment interaction terms as predictors.
Mean relative treatment effects were gener-
ated from these models and reported in
units of milligrams per deciliter (glucose)
and percent (insulin).

The consistency of these effects across
subgroups (race, hysterectomy status, alco-
hol intake, and smoking status) and contin-
uous risk factors (baseline insulin and
glucose, age, BMI, and waist-to-hip ratio)
was explored by examining interaction
terms. Nominally significant interactions
were portrayed using univariable regression.
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Table 1—Baseline concentrations of insulin and glucose in 788 adherent PEPI participants

Insulin (pmol/1)

Glucose (mmol/l)

Treatment assignment Fasting 1-h 2-h Fasting 1-h 2-h
Placebo 36.7 +28.4 (149) 497.2+£209.5 (148) 332.2+258.3(149) 5.38+0.53 (149) 8.52+2.36 (148) 6.24 +1.85 (149)
CEE only 34.2 +28.5(145) 470.9 +357.1 (144) 298.9 + 262.9 (145) 5.40 £0.59 (145) 8.42 +2.50 (144) 6.43+2.27 (144)

CEE + cyclical MPA

33.5 + 26.1 (160)

509.1 + 308.1 (158)

316.3 + 247.9 (160)

5.35 + 0.46 (160)

8.29 + 2.45 (158)

6.09 + 1.68 (160)

CEE + continuous MPA
CEE + continuous MP

36.8 + 27.7 (159)
35.3 + 27.8 (165)

455.7 +278.9 (158)
494.9 + 272.0 (165)

304.8 + 234.8 (159)
316.4 + 249.7 (163)

5.41 + 0.59 (159)
5.41 + 0.56 (165)

8.37 + 2.61 (158)
8.24 + 2.47 (165)

6.42  2.34 (159)
6.28 + 1.98 (163)

Data are means + SD (n).

RESULTS

Baseline characteristics

The average age (+ SD) of the 788 women
described in this report was 56.0 + 4.3
years. Of these subjects, 68% had not had a
hysterectomy, and 55% reported prior use
of postmenopausal hormone therapy, which
by protocol had been discontinued for at
least 3 months. There were 4% who identi-
fied themselves as African-Americans, 5%
as Hispanic, 2% as Asian, 1% as Native
American, and 89% as Caucasian. Of these
women, 50% had never smoked cigarettes
regularly, 37% were former smokers, and
14% were current smokers. Reported alco-
hol intake was relatively low: 33% reported
no alcohol intake during the prior year, and
only 17% reported averaging one or more
drinks per day. The average BMI of these
women was 26.1 + 4.5 kg/m?; the average
ratio of their waist-to-hip circumferences

was 0.792 + 0.069. Table 1 lists baseline
mean insulin and glucose levels for the 788
adherent women by random treatment
assignment. No differences by treatment
assignments for the means or percentages of
any of these baseline characteristics reached
statistical significance.

Impact of hormone therapy on
insulin and glucose concentrations
Table 2 presents the mean changes from
baseline in glucose and insulin observed
among PEPI women who were adherent to
their assigned study medications. Included
are standard errors of these means and the
numbers of women attending each exam
(ny, and ngg). Across all treatment groups,
mean insulin levels decreased at 36 months.
This decrease, which may be attributable to
secular trends or other sources of drift (14),
was consistent across all five arms of the
study (P = 0.78), which supports the aver-

Table 2—Mean changes from baseline by treatment assignment

aging of relative treatment effects across the
12- and 36-month examinations.

Separate analyses of fasting, 1-, and 2-
h concentrations are summarized in Table
3. Mean relative treatment effects are pre-
sented as sequential analyses that address,
in turn, differences associated with any
therapy compared with placebo, with
unopposed estrogen compared with
opposed estrogen, with opposition with
MPA compared with opposition with MP,
and with cyclic MPA opposition compared
with continuous MPA opposition. Effects
whose 95% CI did not include zero are
highlighted. Active therapy appeared to
reduce mean fasting insulin (by 16.1%)
and glucose (by 0.122 mmol/l) and
increase mean 2-h glucose (by 0.355
mmol/l) compared with placebo. No dif-
ferences reached nominal statistical signif-
icance between unopposed versus opposed
estrogen, or between regimens involving

CEE + CEE + CEE +
Analyte Month Placebo CEE only continuous MPA cyclical MPA cyclical MP
Ny, — 141 138 152 155 159
Ngg — 127 97 145 140 139
Insulin (%)
Fasting 12 75+82 —-6.3£7.9 -18.0+£6.3 05738 -148+6.4
36 15.3+9.0 —5.6+8.6 —-93%6.2 10.7+8.3 —85%58
1-h 12 —23+52 0.6+6.0 18+438 —75+45 —78+37
36 —94+£6.2 —195+57 —15.1+43 —19.1+57 —19.6+£4.0
2-h 12 0.8+5.8 41+6.8 10.0+£6.6 11.9+6.3 —1.4+55
36 —9.3+£6.2 —12+74 —46+57 —2.0+6.2 —139+53
Glucose (mmol/l)
Fasting 12 —0.012+0.037 —0.155+0.033 —0.094+0.029 —0.108+0.037 —0.105+0.033
36 —0.061+0.048 —0.189+0.058 —0.186+0.031 —0.237+0.039 —0.163 +0.045
1-h 12 —0.346 + 0.147 0.080 £ 0.164 0.061+0.145 —0.093+0.159 —0.132+0.153
36 —0.342£0.175 0.150 £ 0.189 0.167 £0.144 0.001+£0.182 —0.229x0.184
2-h 12 —0.176 £ 0.147 0.106 + 0.142 0.294 £ 0.122 0.356 £ 0.117 0.146 £ 0.112
36 0.097 £ 0.156 0.359 £ 0.188 0.538 £0.123 0.568 +0.144 0.269 £ 0.147

Data are means + SEM.
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Table 3—Effect of hormone therapy on insulin and glucose concentrations

Change from Active therapy

Unopposed estrogen versus

Cyclic versus

baseline versus placebo opposed estrogen MPA versus MP continuous MPA
Insulin (%)

Fasting —16.1* (—27.1to —3.4) 0.8 (—13.2t0 17.0) —6.3(—19.2 t0 8.6) 22.5*% (1.0 to 45.5)

1-h —5.7 (—14.9t0 4.5) —-2.3(-12.3108.9) —4.1(—13.8106.8) —6.1(—17.21t0 6.4)

2-h 3.1(—8.2t015.8) —-0.3(—11.8t012.7) —10.3 (—20.6to 1.4) 2.9 (—10.7 to 18.6)
Glucose (mmol/l)

Fasting —0.122* (—0.189 to —0.050) 0.028 (—0.044 to 0.105) 0.017 (—0.056 to 0.094) —0.039 (—0.122 to 0.050)

1-h 0.300 (—0.011 to 0.605) —0.128 (—0.450 t0 0.194) —0.239 (—0.561 t0 0.078) —0.172 (—0.544 to 0.200)

2-h 0.355* (0.094 to 0.611) 0.150 (—0.118 t0 0.419) —0.228 (—0.500 t0 0.044)  0.044 (—0.272 to 0.361)

Data are means (95% Cl). The table presents average (12- and 36-month) effects on changes from baseline. Analyses are restricted to women who were adherent
to assigned medications (based on pill counts) for the 6 months before the visit.*Cl does not include 0.

MPA versus MP. Mean fasting insulin levels
were 22.5% greater for cyclic MPA than for
continuous MPA.

Figure 1, from multivariate analyses,
describes the overall patterns of treatment
effects on glucose and insulin (relative to
placebo) across analytes and OGTT times.
Tables 2 and 3 present estimates of mean
effects and relative effects; these are graphed
in Fig. 1A and B for each active arm. As sug-
gested by univariate results, all active treat-
ments were fairly comparable. These active
therapies, relative to placebo, appeared to
lower mean fasting glucose and insulin lev-
els. While mean 1-h insulin levels among
the active arms were slightly less than
placebo, mean 1-h glucose levels were ele-
vated. At 2 h, mean insulin levels among
active arms appeared to edge toward or

above placebo levels, while glucose levels
remained elevated. A formal statistical test
to examine these multivariate patterns
found significant differences between
placebo and combined active treatment
groups (nominal P < 0.0001). No signifi-
cant differences were evident from multi-
variate analyses that were attributable to
progestin opposition (P = 0.68), between
MPA and MP (P = 0.48), or between cycli-
cal and continuous MPA (P = 0.18).

Impact of baseline levels of insulin
and glucose on treatment effects

The pattern of treatment effects attributable
to hormone therapy, in multivariate analy-
ses, varied by baseline levels of fasting
insulin (P = 0.01) and 1-h glucose (P =
0.006); no significant differences in pat-

terns were detected among women grouped
by baseline levels of 1-h insulin (P = 0.57),
2-h insulin (P = 0.45), fasting glucose (P =
0.73), or 2-h glucose (P = 0.26). To portray
these multivariable results more succinctly,
regression analyses were used to examine
the relative treatment effects of hormone
therapy on fasting glucose across baseline
levels of fasting insulin or 1-h glucose. Fig-
ure 2 depicts these fitted relationships, each
of which reached nominal levels of statisti-
cal significance: log-transformed fasting
insulin (nominal P = 0.0009) and 1-h glu-
cose (nominal P =0.01). Reductions in fast-
ing glucose attributable to hormone therapy
were most apparent among women with
the highest baseline levels of fasting insulin
and 1-h glucose. No other univariable rela-
tionships between treatment effects and
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insulin B).

baseline levels of insulin or glucose reached
nominal statistical significance.

Consistency of treatment effects
across subgroups defined by other
baseline characteristics

Each of the baseline characteristics discussed
above were included in multivariate analyses
to assess the consistency of the pattern of
treatment effects on insulin and glucose con-
centrations; no interactions reached statisti-
cal significance: age (P = 0.53), race
(grouped as African-American, Hispanic,
and other; P =0.23), hysterectomy status (P
=0.62), reported alcohol intake (grouped as
none, <1 drink per day, and =1 drink per
day; P = 0.85), smoking status (grouped as
never, former, and current; P = 0.99), BMI (P
=0.69), and waist-to-hip ratio (P = 0.73).

CONCLUSIONS — These analyses on
the subset of adherent women support the
conclusions of the protocol-defined analy-
ses of the PEPI trial: oral CEE therapy
(0.625 mg/day) may lead to modest
decreases in levels of fasting glucose and
insulin and a modest increase in 2-h glu-
cose. The additional analyses indicate that
this hormone therapy may also lead to
increased 1-h glucose levels. These effects
appear to be maintained across 3 years of
hormone administration; however, their
magnitude is not great, and their clinical sig-
nificance is not clear.

Insulin and glucose concentrations
The transition to postmenopausal status is

marked by a decrease in insulin secretion
and a coordinated decrease in hepatic
insulin clearance (28). In the short term,
this balance may have little impact on
response to glucose challenge; however, the
prevalence of insulin resistance increases
with age and has been reported to be pres-
ent in 44% of untreated postmenopausal
women (5). It is natural to speculate that
pharmacological estrogen therapy may have
potential for preventing this increased
prevalence. Some evidence exists that estro-
gen therapy may improve insulin sensitivity
(13,29-31). However, the effect may criti-
cally depend on dose: oral CEE therapy at
0.625 mg/day has been reported to improve
insulin sensitivity by 25%, whereas a dose
of 1.25 mg/day may decrease insulin sensi-
tivity by an equal amount.

PEPI did not directly assess insulin
resistance. Its findings of modest treatment
effects on glucose and insulin levels may be
most useful in shedding light on the impact
of estrogen on glucose secretion and insulin
secretion and clearance. Estrogen therapy
has been variously reported to suppress
hepatic glucose production (32,33), to ham-
per the pancreatic response to rising glucose
levels thereby delaying release of insulin
(10,34,35), and to increase insulin clearance
(12,29,30,32). In PEPI, treatment with
0.625 mg/day oral CEE appeared to reduce
fasting glucose and insulin concentrations
but to raise postchallenge glucose. Lower
fasting glucose levels may reflect reduced
hepatic glucose output. After fasting, the
insulin-sensitive disposal of glucose by

insulin-sensitive tissues is minimal; the pre-
vailing glucose concentration is modulated
by non-insulin sensitive tissues (primarily
the central nervous system) and by glucose
production in the liver and (with longer-
term fasting) kidney. These treatment effects
appeared to be most pronounced among
women who may have been predisposed to
the development of carbohydrate intoler-
ance, i.e., who had relatively elevated levels
of pretreatment fasting insulin and 1-h post-
prandial glucose. These PEPI findings are
consistent with a report that estradiol ther-
apy may improve glucose homeostasis
among postmenopausal women with type 2
diabetes (33).

The apparently delayed postchallenge
glucose clearance observed in PEPI may
reflect a CEE-induced limitation of insulin
secretion or, more likely, enhanced hepatic
clearance of insulin with consequent
decreased glucose disposal by peripheral
tissues. No significant relationships were
observed between these postprandial effects
and pretreatment insulin and glucose levels.

Impact of progestins

In contrast to other reports (9,34,36), PEPI
found that the impact on insulin and glu-
cose levels of adding three progestin regi-
mens to oppose estrogen therapy was small.
Neither of the two MPA regimens or the MP
regimen differed significantly from estro-
gen alone (or among each other) in multi-
variate analyses. This suggests that, to the
degree separate progestin effects may exist,
they may be agent-, dose-, and/or model-
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specific and were not evident among the
regimens evaluated by PEPI.

Consistency of treatment effects

The impact of estrogen therapy on insulin
and glucose levels was fairly consistent
across subgroups defined by several known
risk factors for insulin resistance and dia-
betes. PEPI is the first clinical trial with suf-
ficient size and diversity to allow the
comparison of effects across such sub-
groups; however, the numbers of Hispanic
and African-American participants were
relatively small, so that differences associ-
ated with ethnicity may not be ruled out.

Statistical issues

Multivariate analyses, rather than series of
univariate analyses of analytes at each time
point or summary measures, such as areas
under the curves or ratios, provided empir-
ically based comparisons.

Limiting analyses to adherent women
raises statistical concerns. When results
from analyses based on subsets of adhering
participants differ from those based on the
entire cohort, care should be taken in
drawing conclusions (37,38). Intention-to-
treat analyses may provide the best gauge of
clinical effectiveness, i.e., the likely impact
of a prescription practice on a population,
but may present a flawed description of
efficacy and mechanisms. Analyses limited
to adherers may provide good estimates of
drug-induced effects; these, however, may
be biased because of selection factors
related to tolerance and compliance. Our
analyses indicated that adherence was
related to hysterectomy status. Unmea-
sured factors may have played even larger
roles. Statistical methodology to remove
these biases involve many assumptions and
do not extend to multiple outcome meas-
ures and confounders (39,40). The sensi-
tivity of these methods to model-based
assumptions has not been broadly
explored. Thus, we are not able to address
fully the degree to which any differences
between results from our intention-to-treat
and adherers-only analyses are attributable
to compliance versus confounders.

Summary

Oral postmenopausal CEE therapy at 0.625
mg/day, for the relatively healthy PEPI
cohort, slightly decreased fasting insulin
and glucose concentrations and increased
postchallenge glucose concentrations.
Treatment effects on fasting glucose
appeared to be most beneficial among

women with elevated baseline concentra-
tions of fasting insulin or 1-h glucose.
Opposition of this CEE regimen with MPA
or MP, at the doses in PEPI, had little
impact on these effects. The overall estro-
gen effect was consistent across subgroups
of women defined by a number of risk fac-
tors for insulin resistance and diabetes and
was stable across 3 years of treatment.
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