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HRT and Genetics: A Role
for Polymorphisms?
David M. Herrington, MD

Recent findings suggest a genetic variant in an estrogen-receptor gene may result in a doubling of HDL cholesterol
levels in women who take estrogen replacement therapy after menopause. The findings raise interesting possibilities
with regard to the potential usefulness of genetic testing, but also raise questions about how increased responsiveness
to estrogen may affect other domains of estrogen action.

Introduction
For menopausal women, hormone re-
placement therapy (HRT)—either estro-
gen alone or in combination with a proges-
tin—can bring relief from menopausal
symptoms such as hot flashes. Estrogen
therapy has been demonstrated to lower
low-density lipoprotein (LDL) cholesterol
plasma levels and raise levels of high-
density lipoprotein (HDL) cholesterol.1,2

One of the issues in the use of HRT
and its effect on cholesterol is determin-
ing how an individual woman will re-
spond to the therapy. Estrogen adminis-
tration has varying effects on HDL cho-
lesterol levels in women. According to
studies of families, variability in HDL
cholesterol levels may have a genetic foun-
dation.3 Thus, an intriguing area to be
explored is the link between hormone
replacement, HDL cholesterol levels
and genetics.

It has already been established that
there are genetic variants in many of the
steroid hormone receptor genes, includ-
ing the vitamin D, glucocorticoid recep-
tor and androgen-receptor genes; how-
ever, less is known about the estrogen-
receptor genes.  If a common polymor-
phism were found in the estrogen-recep-
tor genes (alpha or beta) that altered in-
dividual responses to estrogen, it could

have important implications regarding
the safety and efficacy of HRT, and add to
our understanding of estrogen action.

To address this issue, we conducted a
study of the association between sequence
variants in the estrogen-receptor-alpha
(ER-α) gene and the response of the
HDL cholesterol level to HRT.4 The
study group was taken from the Estro-
gen Replacement and Atherosclerosis
(ERA) trial.5

The ERA trial was an attempt to ascer-
tain the role of estrogen and progestin in
the treatment of heart disease. A total of
309 women with angiographically veri-
fied coronary artery disease were ran-
domized to one of three regimens: 0.625
mg of conjugated estrogen per day, 0.625
mg of conjugated estrogen plus 2.5 mg of
medroxyprogesterone acetate per day,
or placebo. The women were followed
for just over three years, and coronary
angiograms were analyzed by quantita-
tive coronary angiography.

Both hormone regimens resulted in
significant reductions in LDL choles-
terol and increases in HDL cholesterol.
However, neither regimen slowed the
progression of atherosclerosis. The rates
of clinical cardiovascular events were simi-
lar among the treatment groups. We con-
cluded that the hormone treatment did

not affect the progression of coronary
atherosclerosis in women with established
disease, and that these women should not
use estrogen replacement for the purpose
of achieving cardiovascular benefit.

Estrogen Receptor Polymorphisms
For the estrogen gene polymorphism
study, we performed DNA isolation and
genotyping of women from the ERA trial.
We were looking for the presence or ab-
sence of a variant in the ER-α gene and its
effect on HDL.

We looked at a total of 10 different
variants that were scattered throughout
the ER-α gene. It is estimated that there
are variants that occur almost every 1,000
base pairs in DNA. The estrogen-recep-
tor gene is nearly a quarter of a million
base pairs in size, and many more of its
variants have not yet been described.

Results
Women who had one specific variant in
their ER-α gene (the ER-α IVS1-401
C/C genotype) had double the increase
in HDL cholesterol levels when treated
with estrogen or estrogen plus progestin:
13.1 mg/dl for women with the variant
gene, vs 6 mg/dl for those without the
gene.

Another remarkable aspect about find-
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ing this variant is its size. In the genetic
blueprint of the human genome, there
are roughly 3 billion letters. This estro-
gen-receptor variant involves the change
of a single letter. A change of one single
base pair out of 3 billion was capable of
identifying women who respond dramati-
cally to estrogen with respect to HDL,
and possibly other things.

There are three important points that
can be made about this finding:

• This genetic variant is common.
Many genetic studies have looked at gene
polymorphisms that occur in 0.5 to 1% of
the population, and so their clinical rel-
evance is not great. In this case, the ge-
netic variant of interest occurred in 20%
of the women studied. In other words, 1
in 5 women are likely to have this genetic
predisposition to higher HDL choles-
terol when taking estrogen.

• The magnitude of the increase in
HDL in these women was dramatic.
The increase was two or three times
greater than what is typically seen with
other drugs that are taken specifically for
the purpose of raising HDL.

• Women with this genetic variant
may be more sensitive to estrogen in
other domains of estrogen action. For
instance, this could include favorable re-
actions on bone. On the other hand, it
might also include some adverse effects,
such as an increased risk for venous throm-
bosis or breast cancer. We did find that
estrogen-treated women with this ER-α
variant had greater reductions in the ad-
hesion molecule E-selectin and no in-
crease in the inflammation marker C-
reactive protein, both of which suggest
favorable effects on the cardiovascular
system.6

There was no prior hypothesis that
this particular gene polymorphism would
influence HDL in this manner. However,
because it is known that gene variants
show altered functions, it was not unex-
pected to find variants in the estrogen-
receptor gene that would alter the func-
tion of estrogen.

The Implications
The three previous points lead us to be-

lieve that these findings might be of true
clinical significance. These are very prom-
ising data, in part because of the impres-
sive increase in HDL that we observed.
However, we do not know yet whether
these findings will translate into dramatic
reductions in risk for heart disease. The
answer to that question awaits further
studies. The increase in HDL levels with
HRT use in patients with this variant may
not correlate with cardiovascular event
benefit.

A potential problem is that research-
ers have been unable to document that
HRT lowers the risk of heart disease for
women who already have heart disease.
We have cited data from the ERA trial. If
the progression rate in the active treat-
ment arms were in a beneficial direction,
but the confidence intervals still included
the rates in the placebo group, then we
could speculate about the presence of a
more subtle effect that might have been
detected with another technique. How-
ever, two points argue against that inter-
pretation: (1) The point estimates were
virtually identical, and (2) there was no
evidence of a greater benefit with a longer
treatment period. It should be noted that
angiography has been a remarkably use-
ful technique to predict efficacy of anti-
atherosclerotic interventions.

 In another trial, the Heart and Es-
trogen/progestin Replacement Study
(HERS), investigators set out to deter-
mine if estrogen plus progestin therapy
alters the risk for coronary heart disease
events in postmenopausal women with
established coronary disease.7

Participants were given either 0.625
mg of conjugated equine estrogens plus
2.5 mg of medroxyprogesterone acetate,
or a placebo, and followed for an average
of 4.1 years. HRT use did not reduce the
overall rate of coronary heart disease
events. Overall, there were no significant
differences between groups in the pri-
mary outcome or in any of the secondary
cardiovascular outcomes; 172 women in
the hormone group and 176 women in
the placebo group had myocardial infarc-
tion or coronary heart disease death. The
women in the hormone group did have a

net 11% lower LDL cholesterol level and
10% higher HDL cholesterol level. Based
on these findings, the investigators did
not recommend HRT for secondary pre-
vention of coronary heart disease.

Estrogen and Heart Disease
The fact that the studies to date have
largely been negative does not rule out the
possibility that HRT still may have an
important clinical effect. It is possible that
in this subgroup of women, because of the
enhanced effect on HDL, there is some
benefit. We might have been unable to see
it because it might have been diluted among
the other women in the cohort who did
not have the gene polymorphism.

A great deal of work remains before we
can establish the practical outcomes of
these findings. We need to look specifi-
cally in women with and without this
gene polymorphism to make a judgment
about their clinical outcomes. We also
need to examine the effects of this gene
polymorphism on the broad range of
health outcomes that are influenced by
estrogen before we can be certain what
role screening for this polymorphism
might play in clinical practice.

The next critical step is to confirm or
refute these findings in other studies that
will enable us to look at clinical events.
One approach would be to genotype the
participants in the HERS trial. We must
also conduct prospective clinical trials of
women who are randomized to receive
HRT or placebo, and then look among
those receiving hormone therapy to see if
the outcome was different, depending on
genotype.

The Future
For primary-care physicians, the message
appears to be that we may soon be able to
use simple genetic testing to differentiate
individual responses to HRT. Ultimately,
we may be able to identify women who are
more likely to benefit from estrogen. Tests
for gene polymorphisms like the one we
have described, and possibly others like it,
may become commonplace in the practice
of medicine.

Other gene polymorphisms have been
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described that modify the effects of many
of the other commonly used medicines in
clinical practice, including the effects of
statins and medications used to treat blood
pressure and asthma. Our study illus-
trates the kind of testing that we expect
will become a common part of the prac-
tice of medicine in the near future.

Within the next 5 years, we expect to
see recommendations about the use of
genetic testing to improve selection of
the type or dose of many different drugs
commonly used in clinical practice. Ulti-
mately, in the case of HRT, the availabil-
ity of testing for polymorphisms may
help clinicians make smarter decisions
regarding to whom they prescribe estro-
gen and how much they prescribe. ■

David M. Herrington, MD, is Professor of
Internal Medicine (Cardiology), Wake Forest
University School of Medicine, Winston-
Salem, NC.
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and on hormonal status and thermoregu-
lation, but women going through meno-
pause are experiencing both. Plans are
under way to conduct research in this area
in the near future. Additional research
also is needed in the area of hot flashes and
their effect on sleep. To date, only two
studies have been conducted in this area,
both of which showed that half of the hot
flashes documented were not, in fact, ac-
companied by awakenings.18,19

Ultimately, a better understanding of
the etiology of hot flashes will undoubt-
edly affect the way in which new pharma-
ceuticals are developed. For example,
drugs like clonidine that reduce sympa-
thetic activation but do not cause seda-
tion or hypotension would be of great
value. In the meantime, ongoing research
is bringing us closer to an understanding
of estrogen’s mechanism of action in the
treatment of hot flashes, and is leading us
in new and exciting directions. ■
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