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Abstract Many women experience vasomotor symptoms
(VMS) at or around the time of menopause. Hot flashes
and night sweats are considered primary menopausal symp-
toms that may also be associated with sleep and mood
disturbances, as well as decreased cognitive function. All
of these symptoms may lead to social impairment and work-
related difficulties that significantly decrease overall quality
of life. Hot flashes have shown a great deal of variability in
their frequency and severity in women. In some women, hot
flashes persist for several months, but in others, they may
last for more than 10 years. Traditionally, VMS were
reported to begin after menopause, but night sweats in
particular most often begin in perimenopause, several years
before the final period. The pathogenesis of hot flashes has
not yet been fully elucidated. Hormonal therapy for menopause-
associated VMS has been the mainstay for the management
of these symptoms for more than 50 years. However, be-
cause many women now want to avoid hormone therapy,
there is a need for additional targeted therapies, validated by
results from controlled clinical trials, that are safe, effica-
cious, cost-effective, and well tolerated by symptomatic
menopausal women. The current status of these new phar-
macotherapies for VMS is reviewed.
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Introduction

Menopause is characterized by physiologic and psychoso-
cial changes in a woman’s life. Menopause may be associ-
ated with vasomotor symptoms (VMS), which include hot
flashes (also referred to as hot flushes) and night sweats, as
well as bone loss, urogenital atrophy, urinary tract infections
and incontinence, increased cardiovascular risk, somatic
symptoms, sexual dysfunction and decreased libido, and
loss of skin elasticity. VMS, and the sleep and mood dis-
turbances that often result from them, can have a significant
negative impact on overall quality of life (QOL) for a
substantial number of women. The impact of VMS has
gained in importance as the lifespan of women has increased
throughout the world, as women can expect to spend a
significant portion of their lives after menopause. This peri-
od should be a highly productive time for women, and
maintaining functional ability and a good QOL is of utmost
importance. Accordingly, it is important that safe, effica-
cious, cost-effective, and well-tolerated treatments are made
available. Thus, this paper briefly reviews the epidemiology
of VMS and what is known about the physiologic basis of
these symptoms, as background to description of the current
status of recent drugs for VMS that are newly available or
under development, including complementary and alterna-
tive products.

Epidemiology of Vasomotor Symptoms

Prevalence and Risk Factors

US Census Bureau statistics indicate that approximately one
third of women are older than 50 years of age [1]. It is
estimated that 75% of women in this age group will
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experience hot flashes, a value supported by a recent longi-
tudinal study of 454 women who were followed from pre-
menopause to postmenopause [2]. Worldwide, between 50%
and 85% of women (approximately 360 million) older than
45 years of age experience hot flashes [3]. The prevalence of
hot flashes varies widely across populations and is strongly
influenced by culture and ethnicity. In the United States, the
Study of Women’s Health Across the Nation (SWAN)
surveyed more than 16,000 women and found that the
prevalence of hot flashes was highest among African
Americans (46%), followed by Hispanics (34%), whites
(31%), Chinese (21%), and Japanese (18%) [4]. In other
parts of the world, rates of hot flashes vary widely as
well, with the lowest prevalence observed in China
(10%) and other Asian nations [5].

Many attempts have been made to identify demographic
characteristics associated with a significantly increased risk
of hot flashes. For many years, low body mass index (BMI)
and race were considered significant predictors of VMS,
with thin, white women believed to at the highest risk for
hot flashes. More recent findings have suggested that high
BMI and African American race are associated with a higher
risk of VMS. This shift may be related to better sampling of
the general population by major clinical trials because white
middle-class women traditionally participated in clinical
trials that often did not include women from other ethnic
groups. The multiethnic SWAN not only demonstrated a
link between an elevated BMI (≥27 kg/m2) and hot flashes
[5] but also showed an increased prevalence in African
American women, as mentioned. Ongoing studies continue
to investigate potential predictors of hot flashes. Smoking,
maternal history, history of premenstrual complaints, elevated
basal core body temperature, low physical activity, low
socioeconomic status, and low levels of estrogen and high
levels of luteinizing and follicle-stimulating hormones prior
to the menopausal transition have all been associated with
an increased risk of hot flashes [4, 6–8].

Timing of Hot Flashes

Several researchers have reviewed the timing and frequency
of hot flashes [9]. SWAN demonstrated that hot flashes
occur earlier than previously believed and may become less
frequent and less intense as menopause progresses. SWAN
data indicated that VMS were more frequently reported by
women in late perimenopause, with a relative risk for hot
flashes at 1.0 during premenopause (the 1 or 2 years prior to
menopause), 2.06 during early perimenopause (the early
menopausal transition), 4.32 during late perimenopause
(the late menopausal transition), and 2.81 during postmeno-
pause [4]. The frequency of hot flashes varies but tends to
remain consistent for an individual. Many women have hot
flashes on a daily basis, some as frequently as every hour,

whereas others have VMS infrequently (i.e., weekly or
monthly) [10]. The majority of women report experiencing
hot flashes for 6 months to 2 years, with the highest number
of women reporting symptoms during the first 2 postmeno-
pausal years. In another study, however, 26% of women
reported having hot flashes for 6 to 10 years and 10%
reported having had VMS for more than 10 years [11].

Pathophysiology

The cause of hot flashes has yet to be determined because of
the limited research focus in this therapeutic area. Hot
flashes are believed to result from the brain’s response to
diminished hormones and hormonal fluctuations that occur
during the menopausal transition. Ovarian hormones have
been shown to influence thermoregulatory mechanisms that
regulate temperature homeostasis in the hypothalamus. The
neurotransmitters serotonin and norepinephrine play a role
in modulating core body temperature, neurochemical messag-
ing, and peripheral vasculature [12]. Several investigators
have documented cardiovascular, temperature, hormonal,
and autonomic parameters with hot flashes and link themwith
thermoregulatory mechanisms [12–14].

Quantification of VMS and Their Impact on Quality
of Life

Perceived QOL is difficult to measure, and there is no
universal agreement on how it should be quantified. Objec-
tive measurements of health status (often referred to as
Health-Related QOL [HRQOL]) may not capture the
patient’s perception of overall life satisfaction. HRQOL
may be viewed as the individual’s perception regarding her
physical, cognitive, and mental health as well as her social
situation [15]. Consideration of HRQOL is also influenced
by women’s increased risk of multiple chronic diseases
associated with menopause, including osteopenia, osteopo-
rosis and related fractures, and cardiovascular disease [16].
Assessments of overall QOL for menopausal women must
consider not only somatic symptoms (hot flashes, night
sweats, urogenital atrophy), but also psychological symp-
toms (depression, mood swings, irritability, anxiety), and
life circumstances (function in the workplace), to give a full
measure of QOL, or Global QOL.

VMS can have a significant negative impact on QOL in
younger and older women, contributing to physical and
psychosocial impairment. Becoming flushed and sweating
profusely in a social or work-related situation may cause
extreme anxiety for many women and lead to social isola-
tion [17]. Unpredictable hot flashes may result in increased
anxiety and stress through sleep deprivation and mood
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swings. A large number of studies have documented the
negative impact of menopause on QOL [18, 19].

This aspect is emphasized because of the high level of
placebo response in randomized, double-blind, placebo-
controlled drug studies. This response can be a cause of
confusion in interpreting outcomes. For example, the active
arm in a trial may appear to have significant efficacy if the
comparative placebo arm has a low level of response, but
the same drug may appear to be ineffective if the level of
response in the placebo arm is high.

Impact of VMS on Sleep, Mood, and Cognitive Function

Despite the lack of agreement in the medical literature about
the relationship between VMS and sleep quality, mood
variability, and cognitive function, these symptoms are pri-
mary complaints that menopausal women present to their
healthcare practitioners. The causes of menopause-related
sleep disturbances are controversial. Sleep disturbances
have been related to hormonal changes that trigger hot
flashes or night sweats, independent of age [20–22].

Women’s Approach to Treatment

Before seeking medical advice at the onset of VMS, women
are likely to obtain information from their peers, family
members, or the Internet, and their attitudes may be influ-
enced by the premature terminations of the hormone arms of
the Women’s Health Initiative (WHI) [23]. Many women
resort to self-diagnosis and treatment, combining over-the-
counter drugs with medications prescribed for other condi-
tions (e.g., analgesics for headache; anxiolytics and antide-
pressants for anxiety, tension, and mood changes; sedatives/
hypnotics for insomnia). Most of these treatments fail to
provide significant relief of VMS, and many of these wom-
en ultimately consult their physicians after these remedies
are unsuccessful.

Advances in Pharmacotherapy

Hormonal Therapy

Estrogen therapy (ET) and estrogen-progestogen therapy
(EPT) remain the gold standard for treatment of VMS, with
an average 95% reduction in frequency and number of
VMS. For women within 5 years of menopause, ET and
EPT are also quite safe if the guidelines of risks and benefits
presented by The North American Menopause Society
(NAMS) are followed [24••]. Considerable research over
many years has clearly defined and answered most of the

key questions around ET/EPT, and the barrier to new ther-
apies having equal efficacy and long-term data is therefore
very high [25••]. New developments in the area of estrogen
and estrogen-progestogen combinations have essentially
been limited to routes of delivery and/or lower doses.

Estrogen Agonists/Antagonists

With the approval of indications for prevention of breast
cancer for tamoxifen and raloxifene (as well as osteoporosis
prevention for the latter), it was hoped that estrogen ago-
nists/antagonists (formerly called selective estrogen receptor
modulators, SERMs) could be developed that would have
the breast, endometrium, and bone benefits and would also
alleviate VMS. Unfortunately, the molecules studied thus far
have not shown adequate efficacy against VMS [26, 27].

Tissue-Selective Estrogen Complex

A tissue-selective estrogen complex (TSEC) partners baze-
doxifene (BZA), a novel estrogen agonist/antagonist, with
conjugated estrogens (CE), with the goal of designing a
novel menopausal therapy that combines the beneficial
effects of both [28]. Ideally, a TSEC would relieve meno-
pausal symptoms such as hot flushes and vaginal atrophy,
prevent osteoporosis, and have a favorable safety and toler-
ability profile, including a neutral effect on the breast and
uterus. BZA is a novel estrogen agonist/antagonist that has
shown efficacy in preventing fractures and preserving bone
mineral density (BMD) in postmenopausal women, without
any evidence of endometrial or breast stimulation [28],
[29••, 30, 31••]. The efficacy and safety of BZA/CE have
been assessed in a series of phase 3 trials. In postmenopaus-
al women with a uterus, varying doses of BZA/CE were
shown to increase BMD and improve measures of vulvar/
vaginal atrophy and sexual function without evidence of
endometrial stimulation or an increase in uterine bleeding.
A recent study of symptomatic postmenopausal women
showed that BZA 20 mg with CE 0.45 or 0.625 mg signif-
icantly reduced the daily number of moderate-to-severe hot
flushes compared with placebo after 12 weeks (74% and
80% from baseline, respectively; P<0.001 vs placebo). In
addition, both doses of BZA/CE significantly decreased the
severity of hot flushes relative to placebo as early as Week
3; this reduction was sustained through 12 weeks [29••].

Other Prescription Medications

Other prescription medications approved for use in condi-
tions not associated with menopause-related VMS have
demonstrated varying degrees of efficacy [32]. The economic
advantage for some of these medications is that they have
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been on the market for a number of years. Given the under-
standing that VMS are the result of a dysfunction in ther-
moregulatory circuitry, new nonhormonal therapies that
selectively target the serotonin and norepinephrine path-
ways, without the involvement of other pathways, have been
the subject of some scrutiny.

SSRIs and SNRIs

Selective serotonin reuptake inhibitors (SSRIs) and
serotonin-norepinephrine reuptake inhibitors (SNRIs) have
received increased attention for the management of VMS in
nondepressed menopausal women. Initial studies were
largely undertaken in breast cancer survivors, and the num-
ber and severity of VMS were less than the standards
required by the US Food and Drug Administration (FDA)
and utilized in randomized controlled studies of hormone
therapies [32–36]. Efficacy in reducing the number and
severity of VMS averages around 65% with SSRIs like
fluoxetine (20 mg/d) and paroxetine (12.5–25 mg/d), and
an SNRI like venlafaxine (37.5–75 mg/d).

A more recent product, desvenlafaxine, is also under
review by the FDA. A significant decrease from baseline
in the number of VMS occurred at weeks 4 and 12 with
desvenlafaxine compared with placebo (week 12 reductions:
60% with 100 mg of desvenlafaxine, 66% with 150 mg, and
47% with placebo; all P≤0.002). Compared with placebo-
treated women, significantly more women treated with des-
venlafaxine discontinued treatment because of adverse
events during week 1 only [37••].

A serious limitation on the use of these drugs as a first-
line treatment is the absence of any long-term research as to
what happens when the drugs are withdrawn in nonde-
pressed women being treated for VMS. For this reason,
caution is urged regarding their use. Indeed, sudden with-
drawal has been associated with headaches and anxiety, so
they should not be stopped abruptly but rather tapered for at
least 2 weeks. On the other hand, when VMS and appropri-
ately diagnosed mood disorders such as depression are both
present, these drugs may be beneficial.

Limitations on the use of these compounds include loss
of libido, drowsiness, weight gain (paroxetine), weight loss
(venlafaxine), and nausea. To minimize potential adverse
effects, treatment should always be started with the lowest
dose, which should be increased only if there has been no
response after several weeks. Doses higher than those used
in clinical studies are not justified, especially as the risk of
toxicity may increase with the dose.

Hypnotics

Eszopiclone is a hypnotic or sleep aid. Perimenopausal
and postmenopausal women with sleep-onset or sleep-

maintenance insomnia co-occurring with hot flashes and
symptoms of depression or anxiety who were randomized
to eszopiclone (3 mg orally) or placebo in a double-blinded,
11-week crossover trial showed improvement (P<0.05) in
sleep parameters, depressive symptoms, anxiety symptoms,
QOL, and nighttime (but not daytime) hot flashes [38].
Eszopiclone may thus have a role in the treatment of insom-
nia with co-occurring menopause-related symptoms.

Anticonvulsants

The anticonvulsant gabapentin has undergone fairly com-
prehensive study in the treatment of VMS for several years.
Most trials were undertaken at lower severity than the FDA
usually requires (e.g., at least 14 hot flashes per week rather
than the mandated 50 per week). Women receiving 300-mg
oral gabapentin capsules or placebo three times daily for
4 weeks, a short testing interval, demonstrated VMS scores
that decreased by 51% (95% CI, 43%–58%) in the gaba-
pentin group, compared with 26% (95% CI, 18%–35%)
with placebo, from baseline to week 4 [39]. These women
reported greater dizziness (18%), unsteadiness (14%), and
drowsiness (12%) at week 1 compared with those taking
placebo, but these symptoms improved by week 2 and
returned to baseline levels by week 4 [39].

Gabapentin appears to be a weakly effective treatment for
hot flashes. Therapy can be initiated at 300 mg/day, with
lower doses in women over age 65. The dose can be grad-
ually increased to up to 300 mg three times per day, for a
total dose of 900 mg/day. Because the major adverse effects
are drowsiness and dizziness, it would be preferable to begin
therapy with dosing at night. As with other psychoactive
drugs, tapering is recommended when gabapentin therapy is
discontinued.

Complementary and Alternative Medications

Many symptomatic menopausal women are likely to treat
themselves before consulting a medical practitioner, think-
ing that “natural” products classified as complementary and
alternative medications (CAM) are safer and the ingredients
more pure than prescription drugs. The most common CAM
treatments that have emerged contain individual and com-
pounded formulas of herbs, isoflavones, and dietary supple-
ments that have promised to alleviate menopause-related hot
flashes and night sweats, irritability, sleeplessness, mood
swings, weight gain, headaches, insomnia, depression, men-
strual irregularities, fatigue, and loss of sexual desire. These
formulations also claim to promote mental clarity, increase
energy levels, and improve physical performance. A key
limitation in the analysis of these products is that their
clinical efficacy has generally not been documented by
results from controlled clinical trials. It has also been noted
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that any benefits associated with herbal supplements may
occur more slowly than those achieved with traditional
medications [40].

Herbal products that have not withstood scrutiny include
dong quai, evening primrose oil, ginseng, and sage. Vitamin
E has also not been effective.

Isoflavonoids

One area of considerable scrutiny has treatment with iso-
flavonoids derived from soy, flaxseed, or red clover. The
conclusion from the recent NAMS/Utian isoflavone transla-
tional symposium panel on the role of soy isoflavones in
menopausal health was that in postmenopausal women with
distressing VMS, initial treatment with isoflavones is rea-
sonable. The starting isoflavone dose should be 50 mg/day
or higher, and therapy should be given for at least 12 weeks.
Studies of women who do not benefit from soy isoflavones
should be undertaken to monitor longer-term beneficial
effects or possible adverse effects. If a woman responds to
isoflavone supplementation, treatment can continue with
monitoring for adverse effects; if a woman does not respond
after 12 weeks, other treatment options should be discussed
[41••].

The most recent randomized, blinded, comparative clin-
ical trial on soy isoflavonoids found them to be no more
effective than a placebo. Half of 248 women ages 45 to 60
were given 200 milligrams of soy isoflavones daily and the
rest took a placebo. After 2 years, despite urine tests con-
firming that the women in the soy group had ingested nearly
20 times as much soy as those taking the placebo, there were
no significant differences in bone density and no improve-
ment regarding night sweats, insomnia, loss of libido, or
vaginal dryness compared with the placebo group. There
were few serious adverse effects in either group [42]. This
study has been criticized for numerous study-design defects.

It is possible that there is a difference between women
who can convert the isoflavone daidzein to equol and hence
show efficacy of a supplement versus nonconverting wom-
en, who would be unlikely to respond. A deficiency in most
studies has been the fact that the study population has not
been so defined. A supplement containing natural S-equol
may be effective for some women who do not have the
capacity to produce equol [41••].

In Development: Estrogen Receptor β Agonist

An interesting product in development in the United States
is MF-101, a quality-controlled mixture derived from 22
herbs that are traditionally used in Chinese medicine for
the treatment of VMS. MF-101 did not promote the growth
of breast cancer cells or stimulate uterine cells in preclinical

studies [43]. It has been characterized as an estrogen recep-
tor β agonist, and has been demonstrated in a phase 2 trial to
be safe and more effective than a placebo in reducing the
frequency and severity of VMS in postmenopausal women.
The compound is entering phase 3 trials [44].

Conclusions

Menopause-related VMS are very common and can be
associated with a high burden on patients and society. The
physiology underlying VMS is complex and not fully un-
derstood, but it is clear that alterations in noradrenergic and
serotonergic mechanisms during hypothalamic thermoregu-
lation are involved in their development. Current treatments
for VMS include hormonal therapy, TSECs, prescription
medications developed for other indications, new estrogen
receptor β agonists, and CAM treatments. Short-term hor-
monal therapy has been shown to be essentially safe for the
management of VMS, but the publicity given the WHI has
substantially decreased the use of these treatments.

Treatment options for menopause-related VMS remain a
significant unmet need. Until the precise physiological
mechanism for VMS is elucidated, it is unlikely that a
totally safe and effective therapy will be developed. Among
women who are eligible for the treatment of menopause-
related VMS, 80% do not seek treatment, receive inadequate
counseling, or do not have access to local medical aid. The
development of therapies that specifically target VMS may
provide high efficacy and reduce the risk of serious and
potentially costly adverse events, thus increasing the overall
cost-effectiveness of therapy.
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