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A Case-Control Study of Myocardial Infarction in Relation to

Use of Estrogen Supplements

Lynn Rosenberg, Julie R. Palmer, and Samuel Shapiro

Observational epidemiologic studies suggest that the incidence of cardiovascular

disease is reduced by about 50% in users of unopposed estrogens, but the reduction
may have been overestimated because of a greater tendency for women at lower risk
to use estrogens. To minimize bias due to such behavior, the authors conducted a
case-control study of first myocardial infarction among Massachusetts women aged
45-69 years during 1986-1990, in which each of 858 cases was age-matched with a
control from the same geographic area, and important correlates of estrogen use and
myocardial infarction were controlled by conditional logistic regression. The estimated
relative risk was 0.9 for ever use of unopposed estrogen (95% confidence interval 0.7~
1.2); the estimate decreased with increasing duration of use to 0.6 for 5 or more years
of use (p for trend = 0.08). The association with long-term use was stronger for recent
use (p for trend < 0.05) than for past use (p for trend = 0.86). There were insufficient
data to evaluate estrogens taken together with progestins. The results suggest that
unopposed estrogen use may reduce the risk of first myocardial infarction, that the
reduction is related to the duration and recency of use, and that it may be smaller than
previously believed. Despite efforts to control confounding, observational studies cannot
rule out the possibility that a tendency for women at lower risk for myocardial infarction
to use estrogens has contributed to the reduced risk in estrogen users, and randomized

trials are needed. Am J Epidemiol 1993;137:54-63.

estrogen replacement therapy; myocardial infarction

Many observational studies (1-10), most
recently a large follow-up study of American
nurses {1 1), suggest that the postmenopausal
use of unopposed estrogens confers protec-
tion against cardiovascular disease: it has

been estimated that the risk in women who
have ever taken estrogens is reduced by
about one-half (2). It is possible that a pro-
tective effect has been overestimated because
women at reduced risk of cardiovascular
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disease may be more likely to use estrogens
(11-14). We assessed the relation of the risk
of first myocardial infarction to estrogen use
in a case-control study designed with the
aim of minimizing bias arising from the
selective use of estrogen by women at re-
duced risk. To control, at least in part. for
confounding due to health behaviors. we
matched each case with a control woman of
similar age from the same geographic area,
and we controlied important correlates of
estrogen use and myocardial infarction in
the analysis.

MATERIALS AND METHODS
Data collection

The data were collected during 1986-1990
from women who were 45-69 years of age
and lived in Massachusetts.

Potential cases of first myocardial infarc-
tion were identified by weekly telephone
calls to the coronary care units of 52 hospi-
1als. The doctors were contacted for details
of the diagnosis, permission to approach the
patient, and the patient’s telephone number
if it was unlisted; 94 percent of the doctors
gave permission, and of the patients who
were then contacted, 90 percent partici-
pated.

Massachusetts cities and towns are di-
vided into precincts. within a city or town.
cach precinct contains approximately the
same number of people. A typical precinct
in Massachusetts might include some 2.500
people. We matched each case with a control
woman from the same precinct who was in
the same 5-year age group and who had no
history of myocardial infarction. The con-
trols were selected in a standard manner
from Massachusetts town books. The books
list the name, address. age. and sex of each
adult resident and are satisfactorily com-
plete: of the first 150 cases. 88 percent were
correctly listed at the addresses given by their
physicians. Only women who had published
telephone numbers (73 percent) were in-
cluded as controls: we failed to reach 3 per-
cent: of those contacted. 83 percent partici-
pated.

A standard questionnaire was adminis-
tered by nurse-interviewers to the cases and
controls. For 27 percent of the cases. the
interview was in person: for the remainder.
and for all controls, the interview was by
telephone. Information was obtained on de-
mographic factors, history of conditions
which predispose to myocardial infarction
(such as history of diabetes or elevated cho-
lesterol level), family history of myocardial
infarction. exercise, cigarette smoking, al-
cohol use, and use of selected drugs. includ-
ing noncontraceptive estrogens and proges-
tins. For each drug used, the name, the
indication, the date started, and the fre-
quency and duration of use were recorded.
For estrogen and progestogen supplements,
the doses were also recorded.

We interviewed 911 potential cases and
obtained the discharge summaries of 98 per-
cent: 6 percent did not meet the World
Health Organization criteria for the diagno-
sis of myocardial infarction (15) (pathologic
Q waves with evolution, or elevated cardiac
enzymes together with typical history of
chest pain or electrocardiographic evidence
of ST-T wave evolution), or they had a
history of rheumatic valvular disease. cardi-
omyopathy, or cardiac surgery. The remain-
ing 858 women constituted the final case
series: the median age was 60 years and 98
percent were white. Among the 858 matched
controls, the median age was 60 vears and
97 percent were white.

Analysis

Women were considered to be postmeno-
pausal if menses had ceased because of re-
moval of the uterus or both ovaries or. for
women with an intact uterus. if menses had
ceased for at least one year. Women who
had taken an estrogen or a progestin orally
for replacement in the perimenopausal
period or postmenopausally, and whose use
had lasted for at least a month. were classi-
fied as uscrs of estrogen alone, progestin
alone. or estrogen with progestin (combina-
tion therapy). Women whose usc had lasted
for less than a month were considered to be
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nonusers. There were six cases and 10 con-
trols who had taken both estrogen and pro- .
gestin for at least a month but not concom-
itantly, or had taken estrogen or progestogen
injections for at least a month; they were
placed in a separate category.

Relative risk estimates (i.e., odds ratios)
for categories of estrogen and progestin use,
relative to no use of either drug, were esti-
mated by conditional logistic regression (16),
which controlied for the matching factors,
age and precinct, as well as for multiple
confounding factors. Among the controls,
the use of unopposed estrogens was associ-
ated with certain indicators of increased risk
of myocardial infarction, most notably with
older age and early menopause, and also
with heavy smoking and positive histories of
myocardial infarction in a parent or sibling,
drug-treated hypertension, drug-treated an-
gina pectoris, elevated serum cholesterol,
and drug-treated diabetes mellitus (table 1).
(The latter four conditions may be related
to estrogen use, in part, because women who
seek medical care tend both to take estrogens
and to have their medical conditions diag-
nosed.) Use was also associated with several
factors which indicate a reduced risk (table
_1): leanness, participation in vigorous exer-
cise, greater years of education, alcohol use,
and use of medical care. Thus, it was nec-
essary to control these and other potential
confounding factors in the analysis. Terms
were included in the logistic regression for
histories of drug-treated hypertension, drug-
treated diabetes mellitus, drug-treated an-
gina pectoris, elevated serum cholesterol,
and myocardial infarction before age 60
years in a parent or sibling, and for age at
and type of menopause (premenopausal/
hysterectomy with retention of one or both
ovaries/menopause due to natural causes or
bilateral oophorectomy before age 45 years/
menopause due to natural causes or bilateral
oophorectomy at ages 45-49 years/meno-
pause due to natural causes or bilateral
oophorectomy at age 50 years or older),
cigarette smoking (<25/=25 per day), alco-
hol consumption (<1/=1 drink per week),
coffee consumption (<5/=5 cups per day),
body mass index (kg/m?) (<24/24-28/=29),

Framingham type A behavior score (17)
(<7/7-10), vigorous physical activity (e.g.,
running, biking) (<1/=1 hour per week),
years of education (<13/=13), and number
of visits to a physician in the previous year
(0/1-9/=10). The most important factor in
terms of the impact on the unadjusted rela-
tive nisk estimate was age at and type of
menopause. Allowance for additional fac-
tors, one at a time, resulted in small changes
in the estimate (e.g., control for vigorous
physical activity moved it toward the null,
while control for cigarette smoking had the
opposite effect). However, allowance for the
additional factors together resulted in little
change in the relative risk after age at and
type of menopause was controlled. A term
for total months of estrogen use was used to
test for trend in the relative risk estimate
across duration of use.

Because estrogen use may influence the
risk of myocardial infarction via an effect
on serum lipids (18), it could be argued that
history of elevated serum cholesterol should
not be controlled. However, inclusion of this
variable in the logistic regression slightly
strengthened the inverse association of estro-
gen use with risk of myocardial infarction;
also, in another study in which control for
high density lipoprotein resulted in a consid-
erable weakening in the apparent protective
effect, control for total cholesterol had no
effect (6).

A subanalysis was conducted in which
cases interviewed in person were excluded,
along with their matched controls: the re-
sults were similar to those given below for
the entire study population. Results were
also little changed when cases with unlisted
telephone numbers, along with their
matched controls, were excluded.

RESULTS

Use of replacement therapy is shown in
table 2. Twenty-one percent of both the
cases and controls had used unopposed es-
trogens, most commonly conjugated estro-
gens, with a mean duration of use of 52
months in cases and 57 months in controls.
The multivariate relative risk estimate for
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TABLE 1. Unopposed estrogen use for =5 years among 858 community controls in a Massachusetts case-
control study conducted 1986-1990, according to selected factors

Factor No. ZESV:,""(:Z,O f

Ali controls 858 6
Age (years)

45-54 202 4

55-64 417 7

65-69 239 8
Cigarette smoking (no./day)

None 638 6

<25 150 6

=25 67 8
History of

Drug-treated hypertension 273 8

Drug-treated angina pectoris 44 16

Drug-treated diabetes mellitus 30 7

Elevated cholesterol 179 8
Family history of myocardial infarction 138 8
Body mass index (kg/m?)

<24 330 8

24-28 327 6

=29 199 5
Framingham type A behavior score

<4.3 542 5

4.3-<7 220 8

7-10 79 8
Vigorous exercise (hour/week)

21 145 10

<1 658 6
Years of education

<12 131 6

12 371 5

=13 355 8
Alcohol use (drink/week)

=1 325 8

<1 357 5
Age (years) at menopauset

<45 154 14

45-49 180 4

250 324 4
Menopausal status

Premenopausal 102 0

Natural menopause 519 3

Hysterectomy with retention of =1

ovary 96 12

Bilateral oophorectomy 140 20

Visits to a physician in previous year
0 158 2
=1 693 7

* Total duration of ever use.
1 Due to natural causes or bilateral cophorectomy

ever use of unopposed estrogens was 0.9 (95
percent confidence interval (CI) 0.7-1.2).
The estimates for use of progestin alone
(cases, 0.7 percent; controls, 0.8 percent) and
for combination therapy (cases. 2.7 percent;

controls, 3.5 percent) were 1.3 and 1.2, re-
spectively. and both estimates were compat-
ible with 1.0. Among the users of combina-
tion therapy. there were |1 cases and seven
controls who had used estrogens for 5 or
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TABLE 2. Estrogen and progestin use among 858 cases of myocardial infarction and 858 matched
community controls in a Massachusetts case-control study conducted 1986-1990*

Use of estrogen or No. of No. of xﬂ:'i::'}?sti con%%:nce
progestin cases controls estimatet interval

No use of estrogen or

progestin 647 635 1.0%
Unopposed estrogen 176 176 09 0.7-1.2
Estrogen together with

progestin 23 30 1.2 0.6-2.4
Progestin only 6 7 1.3 0.4-49

* Six cases and 10 controls who used both estrogen and progestin but not concomitantly or who took estrogen or progestin

injections are excluded from the table.

t Allowance was made for age, precinct, histories of hypertension, diabetes meliitus, angina pectoris, elevated serum cholesterol,
and myocardial infarction before age 60 years in a parent or sibling, and for age at and type of menopause, cigarette smoking,
alcohol consumption, coffee consumption, body mass index, Framingham type A behavior score, vigorous physical activity, years
of education, and number of visits to a physician in the previous year.

1 Reference category.

TABLE 3. Unopposed

P

use

g 858 cases of myocardial infarction and 858 matched

g
community controls in a Massachusetts case-control study conducted 1986-1990, according to the duration

of use
Multivariate 95%
2‘:5’:; c:r?irg:s rela!i_ve risk cqnﬁdence
estimate interval
No use of estrogen or progestin 647 635 1.0t
Duration of estrogen use (years)
<t 56 53 0.9 0.6-1.5
1-2 45 46 11 0.6-2.0
3-4 16 18 0.8 0.3-1.9
5-8 21 24 0.6 0.3-1.3
10-14 13 10 1.0 0.4-29
=15 14 20 0.4 0.2-1.0
Unknown 13! 5 -

* Allowance was made for age, precinct, histories of hypertension, diabetes meliitus, angina pectoris, elevated serum cholesteol,
and myocardial infarction before age 60 years in a parent or sibling, and for age at and type of menopause, cigarette smoking,
alcohol consumption, coffee consumption, body mass index, Framingham type A behavior score, vigorous physical activity, years
of education, and number of visits to a physician in the previous year.

1 Reference category.

more years, yielding a multivariate relative
risk estimate of 2.6 (95 percent CI 0.8-8.4);
the corresponding estimate for use of less
than S years duration was 0.5 (95 percent CI
0.2-1.5). Further consideration is confined
to the use of unopposed estrogens.

Sixty-two percent of case users and 67
percent of control users had taken unop-
posed estrogens for at least |1 year (table 3).
The multivariate relative risk estimate de-
creased, although not consistently, as the
duration of use increased (z for trend =
—1.78, p = 0.08). For 5 or more years of use
(long-term use), the estimate was 0.6 (95
percent CI 0.4-1.1).

Data according to both duration and re-

cency of use are shown in table 4. For recent
use (in the previous year), the overall mul-
tivariate relative risk estimate was 0.8 (95
percent CI 0.4-1.3); the corresponding esti-
mate for past use was 0.9 (95 percent CI
0.7-1.3). The estimate for 5 or more years
of use was more reduced in recent users
(relative risk (RR) = 0.5, 95 percent CI 0.3~
1.1) than in past users (RR = 0.8, 95 percent
CI 0.3-1.7), but the difference was not sta-
tistically significant. A trend for the multi-
variate relative risk estimate to decrease as
the duration of use increased was statistically
significant in recent users (z for trend =
—1.98, p < 0.05), but not in past users (z for
trend = —0.18, p = 0.86).
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TABLE 4. Unopposed estrogen use among 858 cases of myocardial infarction and 858 matched
community controls in a Massachusetts case-control study conducted 1986—1990, according to the duration

and recency of use

Recency of estrogen use

Recent* Past
Multivariate 95% Multivariate 95%
::s. eosf c’;’girglfs relative risk confidence N:s':sf c':rc:grz:s relative risk oqnﬁdenoe
estimatet interval estimate* interval
Total 45 49 0.8 0.4-1.3 131 127 0.9 0.7-13
Duration of estrogen
use (years)

<1 5 4 1.5 0.3-8.0 51 439 0.9 0.5-1.5

1-4 10 1 1.2 0.4-3.7 51 53 1.0 0.6-1.7

5-8 8 iR 0.6 0.2-2.0 13 13 0.7 0.3-1.7

=10 18 22 0.5 0.2-1.1 9 8 1.0 0.3-3.6

Unknown 4 1 - 7 4 -

* Use within the previous year.

1 The reference category for the relative risk estimates comprises 647 cases and 635 controls who did not use estrogen or
progestin; allowance was made for age, precinct, histories of hypertension, diabetes mellitus, angina pectoris, elevated serum
cholesterol, and myocardial infarction before age 60 years in a parent or sibling, and for age at and type of menopause, cigarette
smoking, alcohol consumption, coffee consumption, body mass index, Framingham type A behavior score, vigorous physical activity,
years of education, and number of visits to a physician in the previous year.

In table 5, the data for long-term use are
presented according to body mass index,
age, type of menopause, age at menopause,
smoking status, and dose of estrogen. The
multivariate relative risk estimate was re-
duced in all categories except among the
leanest women (RR = 1.2) and smokers of
1-24 cigarettes per day (RR = 1.0). None of
the relative risk estimates, except that in the
heaviest women (RR = (.2), was statistically
significant. There were insufficient data to
estimate the relative risk in women under
50 years of age.

DISCUSSION

In the present study, women who had ever
used unopposed estrogens were estimated to
have a risk of first myocardial infarction
similar to that of women who had never
used them: the multivariate relative risk es-
timate was 0.9. However, the risk decreased
as the duration of use increased ( p = 0.08),
and use for 5 or more years was associated
with an estimated reduction of 40 percent.
The trend for the relative risk to decrease
with increasing duration of use was statisti-
cally significant in recent users but not in
past users. The reduced risk for long-term
users was evident in all categories of meno-

pausal status, in smokers and nonsmokers,
and in those who used higher and lower
doses of conjugated estrogens. There was not
a reduction in the leanest women. Many
subgroups were assessed, however, and the
lack of an effect in lean women could be
due to chance.

We could not evaluate whether an effect
of unopposed estrogens differs for fatal and
nonfatal disease because the present study
only included survivors. Other studies sug-
gest that the effect of estrogen on fatal out-
comes is similar to that on nonfatal out-
comes (1-11).

Many previous studies have suggested a
protective effect of unopposed estrogens
against ischemic heart disease (1-11).
Among the follow-up studies, the Lipid Re-
search Clinic study (5, 6) reported a 63 per-
cent reduction in cardiovascular mortality
among estrogen users; the protective effect
appeared to be mediated, in part, through
increased levels of high density lipoprotein
(6). In the same study, all-cause mortality
was reduced by 46 percent. There were no
data on the duration of use. In the Nurses’
Health Study (7, 8, 11), the risk of major
coronary disease was reduced more in recent
estrogen users, by about 45 percent, than in
past users, 17 percent; the effect was not
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TABLE 5. Unopposed estrogen use for =5 years among 858 cases of myocardial infarction and 858
matched community controls in a Massachusetts case-control study conducted 1986-1990, according to

age, type of ¥ age at menop cigarette smoking, body mass index, and estrogen dose
No use of =5 Muiltivariate 95%
Factor estrogen or years of relative risk confidence
progestogen use estimate* interval
Age (years)
45-49 Cases 72 4 -
Controls 74 1
50-59 Cases 228 18 0.8 0.3-1.8
Controls 228 19
60-69 Cases 347 26 0.5 0.3-1.1
Controls 333 34
Type of menopause
Natural Cases 451 11 0.7 0.3-19
Controls 422 14
Hysterectomy with retention of Cases 57 9 0.6 0.2-2.0
=1 ovary Controls 58 12
Bilateral oophorectomy Cases 77 28 0.7 0.3-15
Controls 61 28
Age (years) at menopauset
<45 Cases 158 26 0.7 0.3-1.5
Controls 101 21
45-49 Cases 156 7 0.7 0.2-2.3
Controls 136 8
=50 Cases 212 6 0.6 0.2-1.8
Controls 247 13
Cigarettes per day
None Cases 285 19 0.5 0.3-1.1
Controls 470 39
<25 Cases 187 14 1.0 0.3-2.7
Controls 116 10
225 Cases 174 15 0.5 0.1-1.6
Controls 49 5
Body mass index (kg/m?)
<24 Cases 203 27 1.2 0.6-2.3
Controls 237 25
24-28 Cases 222 16 0.4 0.2-11
Controls 246 20
=29 Cases 220 5 0.2 0.04-0.7
Controls 150 9
Estrogen dose (mg)
=<0.625 Cases 647 17 0.6 0.3-15
Controls 635 18
>0.625 Cases 647 10 0.6 0.2-1.7
Controls 635 12

* Reference category is nonusers within each category; within each stratum, allowance was made for age.
precinct, histories of hypertension, diabetes mellitus, angina pectoris, elevated serum cholesterol, and myocardial
infarction before age 60 years in a parent or sibling, and for age at and type of menopause, cigarette smoking,
alcohol consumption, coffee consumption, body mass index, Framingham type A behavior score, vigorous physical
activity, years of education, and number of visits to a physician in the previous year, with the exception of the

stratifying factor itself.

1 Among women with menopause due to natural causes or bilateral oophorectomy.

influenced by the duration of use (11). In
that study, among ever users of estrogens,
cardiovascular mortality was reduced by 28
percent and all-cause mortality by 11 per-
cent. In the Leisure World study of elderly

women (10), in which arteriosclerotic and
cerebrovascular mortality was reduced in
estrogen users, the effect was strongly related
to both the duration and recency of use.
Among women who had used estrogens for
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15 or more years and who were current users
at the start of follow-up, there was a 40
percent reduction in overall mortality,
mostly due to substantially decreased mor-
tality from cardiovascular disease but also
due to a smaller reduction in cancer mortal-
ity.

One follow-up study, the Framingham
Study, showed an adverse effect of estrogen:
there was a 90 percent increase in coronary
heart disease incidence and more than a
doubling in cerebrovascular disease inci-
dence in estrogen users (19). However, a
reanalysis suggested protection in women
under age 60 years and an increased risk in
older women, although neither finding was
statistically significant (20).

Two earlier case-control studies by the
present investigators showed no association
of estrogen use with risk of myocardial in-
farction (21, 22). In both studies, however,
statistical power to detect an effect was lim-
ited, and in one of them the women were all
under age 50 years (22).

In the present study, we observed little, if
any, effect of “ever” use of estrogens, a find-
ing at variance with the 50 percent reduction
in risk that has been estimated (2). However,
the indication by our data that the reduction
is influenced by the duration of use accords
with the Leisure World findings (10), and
the indication of a stronger effect in recent
users accords with both the Leisure World
(10) and Nurses’ Health Study results (11).

A limitation to all the studies conducted
to date is the possibility of overestimation of
a protective effect, resulting from a tendency
for women at low baseline risk of cardiovas-
cular disease to use estrogens (11-14). The
findings from the Coronary Drug Project, a
clinical trial in which men with first myo-
cardial infarctions were randomized to clo-
fibrate or placebo, suggest that such a bias
may be large and may not be amenable to
“correction” in the analysis (23). In the trial,
there was no overall difference in mortality
between the clofibrate and placebo groups
(20 percent vs. 21 percent). However, the
mortality of good adherers to clofibrate was
substantially and significantly lower, by 40
percent, than that of poor adherers (15 per-

cent vs. 25 percent), perhaps suggesting a
beneficial effect of clofibrate. Yet, among
men randomized to placebo, mortality was
also substantially and significantly reduced
in good adherers, by 46 percent (15 percent
vs. 28 percent). Adjustment for 40 baseline
characteristics did not materially diminish
the differences. Thus, adherers to prophylac-
tic drug use may differ appreciably from
nonadherers in predictors of risk that are
difficult to specify and measure and, there-
fore, to take into account. Possibly this is
also the case for users and nonusers of
supplemental estrogens.

Further evidence of selective use of estro-
gens is provided by the Walnut Creek con-
traceptive follow-up study: estrogen users
were at reduced risk not only of cardiovas-
cular disease, but of accidents and homicides
as well (12). In the three follow-up studies
cited above (5, 6, 10, 11), mortality not only
from cardiovascular disease but from other
causes as well was reduced in estrogen users,
possibly reflecting such selective use. (On
the other hand, it may indicate that estrogen
use has a favorable impact on several differ-
ent biologic systems.)

In the present study, we attempted to min-
imize bias due to the selective tendency of
healthier women to use estrogens by age-
matching each case with a control from the
same geographic area. Because women with
similar socioeconomic backgrounds are
more likely to have similar health behaviors,
we reasoned that such matching would serve
to control factors, particularly “life-style”
factors, which are difficult to measure or
quantify but which may be related both to
estrogen use and to the risk of myocardial
infarction. In addition, specific measured
factors, some related to an increased and
some to a decreased risk, were controlled in
the analysis. Because some factors, such as
a history of elevated cholesterol or of adult
onset diabetes, are reported with impreci-
sion, control was necessarily incomplete.

It is possible that the lesser reduction in
risk associated with estrogen use in our study
compared with previous studies is explained
by fuller control of confounding. Whether
this is indeed the case will only be established
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when the results of well-conducted random=
ized controlled trials of estrogen use become
available. Another possible explanation for
the smaller estimate of protection in the
present study—that cases reported estrogen
use more completely than controls—is un-
likely because validation studies suggest that
long-term estrogen use is recalled reasonably
well (24).

In recent years, there has been a trend to
use of estrogens together with a progestin
(25). One rationale is that the addition of a
progestin protects against endometrial can-
cer (1). However, it has been recommended
that this regimen also be used by women
who have had hysterectomies (26). Proges-
tins may reverse the beneficial effect of un-
opposed estrogens on serum lipids (1, 27~
31) and perhaps also adversely affect glucose
tolerance and thrombogenesis (31-33); this
could lead to an increased risk of cardiovas-
cular disease. Our sparse data on combina-
tion therapy are not informative, and we
know of no informative data from other
studies. There remains a need to evaluate
the cardiovascular impact of this regimen.
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