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Abstract: About 80% of postmenopausal women experience vasomotor symptoms, such as 

hot flashes and night sweats – symptoms that are associated with sleep disruption and can lead 

to fatigue and mood changes. Moreover, hot flashes can be embarrassing for women, causing 

difficulties at work and in their social lives. Many therapies have been advocated for relief of 

vasomotor symptoms, but only hormone therapy has been US Food and Drug Administration 

approved. However, after the Women’s Health Initiative Study suggested that there was a 

correlation between hormone therapy and increased risk for breast cancer and cardiovascular 

events, many women stopped taking hormone therapy, and many do not want to initiate it. 

Hormone therapy is also contraindicated in certain women, such as those with a history of 

hormone-stimulated cancer like breast and uterine cancer. Gabapentin (Neurontin) has shown 

efficacy in relieving vasomotor symptoms and is used as off-label for this indication. A new 

extended-release formulation of gabapentin has also shown efficacy in treating hot flashes and 

improving sleep quality with possibly fewer side effects than regular gabapentin.

Keywords: Hot flushes, vasomotor symptoms, postmenopausal, hormone-sensitive cancer, 

non-hormonal therapy, gastric-retentive, Breeze

Introduction
Approximately 80% of postmenopausal women experience vasomotor symptoms, 

such as hot flashes and night sweats.1–5 A hot flash or hot flush is a discrete episode of 

intense heat that starts at the chest and travels upward toward the neck and face, causing 

facial flushing. It can last for several seconds to several minutes and can be followed 

by sweating and heart palpitations.1,6,7 This can happen several times during the day 

and night, disrupting a woman’s sleep and leading to fatigue and irritability.3,8,9

Hormone therapy is the only US Food and Drug Administration (FDA)-approved 

therapy for vasomotor symptoms6 and has been shown to be cost-effective.3 However, 

in 2002, a report based on the Women’s Health Initiative Study suggested that hormone 

therapy was associated with an increased risk of breast cancer and cardiovascular 

events, prompting many women to stop taking it. In addition, not all patients are can-

didates for hormone therapy. For women with a history of hormone-stimulated cancer 

like breast cancer8,10 and uterine cancer,10 and those with a history of thromboembolic 

diseases, such as venous thrombosis,11 clotting factor defects, active liver disease, 

and stroke, hormone therapy is contraindicated. Certain other comorbidities, such as 

smoking11 and uncontrolled hypertension, make a woman a less-than-ideal candidate 

for hormone therapy; the risks may outweigh the benefits. Finally, some women, for 

personal reasons, would prefer to avoid hormone therapy. For such special populations, 
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alternative therapy is necessary to achieve a safe and effective 

way to relieve vasomotor symptoms.

Many studies have shown the efficacy of a variety of 

nonhormonal prescription medicines, but none have yet 

been FDA approved. Clinicians have been using gabapen-

tin off-label to help relieve hot flashes in postmenopausal 

women. A new extended-release formulation of gabapentin 

has also shown efficacy in treating hot flashes and improving 

sleep quality with potentially fewer side effects than regular 

gabapentin.12–18

This article will review efficacy of gabapentin in reduc-

ing hot flashes and the potential role of extended-release 

gabapentin in providing similar benefits with potentially 

fewer side effects.

Menopause and vasomotor symptoms
There are many postulated theories regarding the cause 

of vasomotor symptoms. The most common one involves 

the role of declining or fluctuating estrogen levels and its 

effect on the hypothalamus – the center of temperature 

regulation. It is thought that there are estrogen receptors in 

the hypothalamus, and when estrogen levels fall or fluctu-

ate, the thermoneutral center in the hypothalamus narrows. 

Neurotransmitters serotonin and norepinephrine have been 

found to affect the temperature regulation center of the hypo-

thalamus as well.19–23 In addition, core temperature increases 

in postmenopausal women.22

The goal of treating a woman’s hot flashes is to improve 

her quality of life.3 Various scales have been constructed and 

validated to measure quality of life during the peri- and post-

menopausal periods. The Utian Quality of Life questionnaire, 

for example, assesses four domains of life: occupational, 

health, emotional, and sexual.24 Other various questionnaires 

are used to measure menopause-related symptoms, such as 

the Kupperman index,25 the Greene Climacteric Scale,26,27 

and those by Ware and Sherbourne28 and Hunter.29

Gabapentin
Gabapentin was initially developed to control seizures. Due 

to its nerve-stabilizing properties, it was later found to be 

an effective treatment for neuropathic pain (eg, postherpetic 

neuralgia, diabetic neuropathy, and pain caused by spinal 

cord injury). It has also been shown to have some efficacy 

for migraine prophylaxis, essential tremor, bipolar disorder, 

uremic pruritus, and fibromyalgia.7,9,30 In postmenopausal 

women with vasomotor symptoms, gabapentin improved 

sleep quality.9,31 Although selective serotonin reuptake inhibi-

tors (SSRI), selective norepinephrine reuptake inhibitors 

(SNRI), and clonidine32 are also helpful, the benefit of 

gabapentin is its safety profile. It has no drug interactions; 

no absolute contraindications (some rare risk of increased 

suicidal risk, hypersensitivity);33 and a quick onset of action. 

It is excreted by the kidneys as an unchanged drug.7,34–36 The 

half-life of gabapentin is about 5–7 hours, and its clearance 

depends on creatinine clearance (ie, kidney function).

The effect of gabapentin on hot flashes has been well-

studied, but the exact mechanism of action is not known. 

Gabapentin binds to α2δ subunit of voltage-gated calcium 

channels, which are present in the central nervous system 

and peripherally.37

More specifically, it is thought that the ventromedial part 

of the hypothalamus may be the specific target of gabapentin, 

because this area has a high concentration of voltage-gated 

calcium channels and substance P projections.38 The high 

amount of substance P projections in the hypothalamus may 

stimulate the hypothalamic cooling center, which plays a role 

in vasomotor symptoms.39

Efficacy
Many randomized placebo-controlled studies demonstrate 

that gabapentin is effective in treating vasomotor symptoms. 

A randomized, double-blinded, placebo-controlled, multi-

institutional study was conducted by Pandya et al7 to evaluate 

the efficacy of gabapentin in controlling hot flashes (two or 

more a day) in 420 women with breast cancer. They were 

randomly divided into three groups: placebo; gabapentin 

300 mg/day; and gabapentin 900 mg/day. The drugs were 

given in three divided doses daily for 8 weeks. A self-reported 

diary was maintained by the patients in which they docu-

mented the frequency, severity, and duration of hot flashes 

for 1 week before and 8 weeks after the start of the study 

drugs. Data was available for 371 patients at week 4 and for 

347 patients at week 8.

The results demonstrated that in the gabapentin 300 mg 

group, the reduction in the hot flash severity score was 33% 

and 31% at week 4 and 8, respectively. The reduction in the 

hot flash severity score in the gabapentin 900 mg group was 

49% and 46% at week 4 and 8, respectively. The placebo 

group also experienced a reduction in the hot flash severity 

score (21% and 15% at week 4 and 8, respectively), reflect-

ing a placebo effect. The side effects experienced by patient 

population were somnolence and fatigue.

A randomized, double-blinded, placebo-controlled trial 

by Butt et al6 compared the efficacy and tolerability of gaba-

pentin against placebo for controlling hot flashes in post-

menopausal women who had entered menopause naturally. 
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The trial was conducted from March 2004 to April 2006 in the 

greater Toronto area in community and primary care offices. 

The 197 women between the ages of 45–65 who participated 

had at least 14 hot flashes weekly. They were randomized to 

two groups: The study group received gabapentin 300 mg 

three times a day; and the control group received placebo 

three times a day, for a total of 4 weeks. A decrease of 51% 

in the hot flash score was noted in the active arm as com-

pared to 26% in the placebo group (P , 0.001). The side 

effect profile was similar to the study by Pandya et al7 men-

tioned earlier. Other symptoms experienced were dizziness, 

unsteadiness, and drowsiness.

Loprinzi et  al40 performed a prospective, Phase III, 

double-blind, placebo-controlled clinical trial in 214 men 

with hot flashes who were on an androgen-deprivation 

therapy program for prostate cancer. There were four 

study groups: placebo; gabapentin, 300 mg/day; gabapen-

tin, 600  mg/day; and gabapentin, 900  mg/day. Hot flash 

frequency and severity were recorded daily for 1 week 

before the start of the study and for 4 weeks after the study 

drugs were started. The mean hot flash scores declined 

in all four groups: by 4.1 units in the placebo group; 

3.2 units in the gabapentin 300 mg group; 4.6 units in the 

gabapentin 600 mg group; and 7 units in the gabapentin 

900 mg group.

Comparison with other treatments
A Cochrane Review published in 20108 showed that gabap-

entin, SSRIs, SNRIs, clonidine, and relaxation therapy had 

mild-to-moderate effects on reducing vasomotor symptoms. 

The study reviewed six randomized trials that assessed the 

efficacy of nonhormonal therapies for relief of hot flashes 

in women who were unable to take hormonal therapy due to 

breast cancer. The trials also included data on homeopathy, 

vitamin E, magnetic devices, and acupuncture. None of these 

had better efficacy than placebo in relieving hot flashes.

A randomized, double-blinded, placebo-controlled trial 

by Reddy et  al41 compared the efficacy of estrogen and 

gabapentin to placebo in reducing hot flash severity and 

frequency. Gabapentin and estrogen had a similar efficacy 

(71% and 72%, respectively) in reducing the hot flush com-

posite score, which accounts for both hot flush severity and 

frequency. The placebo arm showed an efficacy of 54%. The 

study was conducted for 12 weeks. The dose of estrogen was 

0.625 mg/day, and the gabapentin group received a dose of 

2,400 mg/day.

Loprinzi et  al42 performed an individual patient-

pooled analysis, taking data from seven clinical trials of 

antidepressant medications, namely paroxetine, venlafaxine, 

fluoxetine, and sertraline, and comparing their efficacy 

to placebo in reducing hot flash scores. This study also 

included three trials of gabapentin compared with placebo. 

The analysis showed a reduction in hot flash scores of: 41% 

for paroxetine; 33% for venlafaxine; 13% for fluoxetine; 

and 3%–18% for sertraline, when compared with placebo. 

Gabapentin reduced the hot flash score in 35%–38% of the 

women compared with placebo.

Both gabapentin and venlafaxine showed similar efficacy 

in reducing hot flash scores in another study.43

Gabapentin was more effective at reducing hot flash fre-

quency and the hot flash score than vitamin E in breast cancer 

survivors (57% and 67% versus 10% and 7%, respectively; 

P , 0.05). Gabapentin improved sleep quality as assessed 

by the Pittsburgh Sleep Quality Index score in the same 

population by 21.33%.9

In women with hormone-positive breast cancer, gaba

pentin is a better choice for controlling vasomotor symptoms 

than SSRI, because it does not interact with tamoxifen, unlike 

paroxetine, fluoxetine, sertraline, and citalopram.7 Both 

sertraline and citalopram are weaker inhibitors of CYP2D6 

than paroxetine or fluoxetine.44

Use with other treatments
Loprinzi also conducted a 5-week randomized trial consist-

ing of 118 women with hot flashes that were inadequately 

controlled by antidepressant therapy (either a monoamine 

oxidase inhibitor or a tricyclic antidepressant).45 The women 

were randomly assigned to one of two groups: One received 

both an antidepressant and gabapentin, and the other was 

weaned off the antidepressant and began taking gabapentin 

alone. There was no statistical difference between the two 

arms in terms of hot flash reduction.45

Safety and patient acceptability
The randomized trial by Butt et  al6 studying gabapentin 

showed that the most common side effects initially experi-

enced by patients were dizziness (18%), unsteadiness (14%), 

and drowsiness (12%). Other studies showed a similar side-

effect profile.7,9,41 However, these side effects had largely 

resolved by week 4 of treatment.

A study looking at hot flashes in men reported a compli-

ance rate of .96% in patients taking gabapentin 900 mg 

daily; there were no significant side effects.40 A study 

by Butt et  al6 showed similar compliance rates between 

gabapentin and placebo groups. The latter study consisted 

of women who had entered menopause naturally.
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The effective starting dose of gabapentin when used for 

treatment of hot flashes is 900 mg/day;7,9 lower doses are 

not recommended.40

Role of extended-release  
gabapentin
The gabapentin extended-release (ER) tablet swells when 

it comes in contact with gastric secretions and – due to its 

increased size – is not passed through the pyloric sphincter 

and, hence, becomes gastric retentive.46 The drug is slowly 

released over about 10  hours to the upper intestine and 

absorbed systemically.47 Gabapentin ER has been shown to 

have the similar bioavailability as gabapentin immediate-

release (IR).48 Interestingly, it has been noted that the 

bioavailability of gabapentin IR decreases with increasing 

dose, but not so much for the ER gabapentin.48,49 This is due 

to saturable absorption mechanism in its primary site of 

absorption – the small intestine.50

The slow release of gabapentin ER over prolonged time 

may mitigate the saturation of the receptors in the small 

intestine,51 and hence lead to better bioavailability, especially 

at higher doses, when compared to gabapentin IR. Gabapentin 

ER takes longer to reach the peak concentration; the maximum 

concentration is lower with a longer plateau phase, compared 

to the immediate release formulation.49 Gabapentin ER should 

be taken with food, as the fed status increases the retention of 

the gabapentin ER in the stomach.52,53 Under fasting status, the 

time to reach maximum plasma concentration (t
max

) for both 

formulations is similar due to the similar transit time, but the 

maximum concentration reached for gabapentin ER decreases 

significantly as the drug is minimally released.49 Furthermore, 

the fat content of the meal also influences the time to reach 

maximum concentration for gabapentin ER. The t
max

 increases 

with the increasing fat content of the meal, and slightly better 

bioavailability was noted for gabapentin ER.49 In spite of the 

above differences, the half-life and oral or renal clearance 

for both ER and IR gabapentin was found to be similar.49 

Because of its pharmacokinetic properties, gabapentin ER 

can be taken less frequently, compared to the IR formulation, 

with maintained bioavailability and efficacy.49 It is speculated 

that the lower peak and longer plateau phase may decrease 

the side effects noted with immediate release formulation.49 

Gabapentin ER has been shown to be well-tolerated in 

several studies.48,49,54 Most common side effects noted were 

dizziness,48,49,54,55 headache,48,49,54 somnolence,48,49,54,55 and 

peripheral edema.54 These were at most mild-to-moderate 

in intensity.48,49,54,55 Dizziness and somnolence were noted to 

be reduced when gabapentin ER was given in divided dose 

compared to the single dose.55

The safety and efficacy of ER gabapentin has been 

demonstrated in studies evaluating its effect on posther-

petic neuralgia and it is FDA approved for this indication. 

A double-blind, randomized, placebo-controlled clinical trial 

conducted in 2007 by Irving et al,56 consisted of 158 patients 

who suffered from postherpetic neuralgia for 3  months. 

Their baseline average daily pain was $4 in a scale from 

0–10. The patients were divided into three groups: the first 

group received gabapentin ER 1,800 mg daily in the evening; 

the second received gabapentin ER 600 mg in the morning 

and 1,200 mg in evening; and the third received a placebo. 

Table 1 Change in average daily frequency of moderate or severe 
hot flashes from baseline after 4 weeks of treatment relative to 
placebo

Doses BREEZE 1 BREEZE 2

1,200 mg -0.96 ± 0.38 
(P = 0.0117)

-1.61 ± 0.53 
(P = 0.0024)

1,800 mg -1.51 ± 0.38 
(P = ,0.0001)

-1.51 ± 0.52 
(P = 0.0040)

Table 2 Change in average daily frequency of moderate or severe 
hot flashes from baseline after 12 weeks of treatment relative to 
placebo

Doses BREEZE 1 BREEZE 2

1,200 mg -0.56 ± 0.42 
(P = 0.1830)

-1.56 ± 0.51 
(P = 0.0024)

1,800 mg -1.53 ± 0.41 
(P = 0.1975)

-1.12 ± 0.51 
(P = 0.0281)

Table 3 Change in average daily severity score of moderate 
or severe hot flashes from baseline after 4 weeks of treatment 
relative to placebo

Doses BREEZE 1 BREEZE 2

1,200 mg -0.26 ± 0.08 
(P = 0.0016)

-1.15 ± 0.08 
(P = 0.0608)

1,800 mg -0.32 ± 0.08 
(P , 0.0001)

-1.28 ± 0.08 
(P = 0.0003)

Table 4 Change in average daily severity score of moderate or 
severe hot flashes from baseline after 12 weeks of treatment 
relative to placebo

Doses BREEZE 1 BREEZE 2

1,200 mg -0.20 ± 0.10 
(P = 0.0433)

-0.21 ± 0.10 
(P = 0.0280)

1,800 mg -0.20 ± 0.10 
(P = 0.0468)

-0.29 ± 0.10 
(P = 0.0026)
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The study was conducted for 4 weeks. Efficacy was measured 

by assessing the change in average daily pain from baseline 

and the average daily sleep interference score. Pain scores 

were lowest in the group with twice-a-day dosing of gaba-

pentin ER. There was a statistically significant reduction in 

average daily sleep interference scores in both gabapentin 

ER groups compared with the placebo group. (P = 0.048 and 

P = 0.006 for once-daily and twice-daily regimen, respec-

tively, versus placebo.)

In 2008 a study conducted by Jensen et al57 found similar 

results. Specifically, twice-a-day dosing (600 mg in morning 

and 1,200 mg in evening) was more effective at relieving 

sharp, dull, sensitive, and itchy postherpetic pain than a 

once-a-day regimen of 1,800 mg in the evening.

Gabapentin’s role in improving vasomotor symptoms 

was shown in the BREEZE 1, 2, and 3 trials,12–18 which 

looked at the efficacy of gabapentin ER (Serada®; Depomed, 

Inc, Newark, CA, USA), an investigational drug in treating 

menopausal hot flashes. All three trials were prospective, 

Phase III, randomized, placebo-controlled, multicenter trials 

performed in the United States. The primary outcome was hot 

flash severity and frequency at 4 weeks and 12 weeks. The 

BREEZE 1 and BREEZE 3 trials had an additional assessment 

Table 5 BREEZE 3 changes noted in frequency and severity score 
of moderate or severe hot flashes from baseline at 4 weeks and 
12 weeks relative to placebo

Doses 4 Weeks 12 Weeks

Frequency -1.69 
(P , 0.0001)

-1.14 
(P = 0.0007)

Severity -0.21 
(P , 0.0001)

-0.19 
(P = 0.0040)

Table 6 Adverse events in the BREEZE trials

BREEZE 1 BREEZE 2 BREEZE 3

Treatment 
group

Placebo 
group

Treatment 
group

Placebo 
group

Treatment 
group

Placebo 
group

Nausea 7.8% 3.9% 5.3% 1.6%
Dizziness 21.4% 2.8% 18% 2.7% 13% 3%
Somnolence 16.3% 2.2% 7.7% 3.2% 6% 3%
Headache 9% 5.6% 6.1% 7.6% 9% 8%
Sedation 3.4% 0.5%
Vomiting 4.5% 2.2%
Fatigue 5% 1.6%
Flatulence 5% 1.1%
Upper respiratory  
tract infection

5.9% 5.6%

Nasopharyngitis 7% 3.9%
Weight gain 3.9% 2.2%
Back pain 2.5% 5.0%

at 6 months to evaluate the persistence of gabapentin ER 

efficacy. The trials enrolled more than 1,700 postmenopausal 

women (541 in BREEZE 1; 565 in BREEZE 2; and 600 in 

BREEZE 3). All participants had an average of seven or 

more moderate-to-severe hot flashes per day or a minimum 

of 50 hot flashes per week, along with episodes of sweating, 

in the prior 30 days. They were divided into three groups: 

placebo; 1,200 mg gabapentin ER once daily; and 1,800 mg 

ER – 600 mg in morning and 1,200 mg at bedtime.

Results for the BREEZE 1 trial16: when compared to 

the placebo, both 1,200  mg and 1,800  mg doses showed 

statistical significance in reduction of frequency and severity 

of hot flashes at 4 weeks (P , 0.0001 to P = 0.0117).

BREEZE 2 trial results15: compared to the placebo, the 

1,200  mg group showed statistically significant reduction 

in hot flash frequency at weeks 4 and 12 (P = 0.0024). The 

1,800 mg dose showed statistical significance in the reduction 

of hot flash frequency at week 4 (P = 0.0040) and reduction 

of hot flash severity at weeks 4 and 12 (P  =  0.0003 and 

P = 0.0026, respectively) (Tables 1–4).

Though not statistically significant, both 1,200 mg and 

1,800  mg doses showed improvement in other primary 

outcomes compared to placebo in both trials (P = 0.0280 to 

P = 0.1975).15,16,17

Results for BREEZE 3 trial18 were presented at the 

October 2012 North American Menopause Society (NAMS) 

meeting (Table 5). When compared to the placebo, statisti-

cally significant reduction was noted in average frequency 

and severity of hot flashes at 4 weeks (P  ,  0.0001). At 

12 weeks, statistically significant reduction was noted 

for hot flash frequency (P =  0.0007), but not for severity 

(P = 0.0102). Even at 24 weeks, gabapentin ER was more 
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efficacious compared to the placebo. Significantly more 

women in the treatment arm said their symptoms improved 

versus women in the placebo arm (68% at 12 weeks; 78% at 

24 weeks versus 54% in placebo arm at 12 and 24 weeks).

The BREEZE 3 Trial also studied impact on sleep as 

assessed by the Insomnia Severity Index score58 and the 

Daily Sleep Interference Score.59 Clinically meaningful 

improvement was noted in both scores at 12 and 24 weeks 

compared to placebo.18

Common adverse effects in all three trials were similar –  

dizziness, headache, and somnolence (Tables  5 and 6). 

Other adverse events noted which were not very significant 

were: nausea, sedation, vomiting, fatigue, flatulence, upper 

respiratory tract infection, nasopharyngitis, weight gain, 

chest pain, gastroesophageal reflux disease exacerbation, 

breast cancer, lung cancer, ovarian cancer, rib fracture, 

pneumothorax, abdominal hernia, nerve compression, 

overdose (attempted suicide), and accidental overdose. 

(Tables 5 and 6.)

Conclusion
Women who suffer from hot flashes but who cannot or 

will not take hormone therapy can be offered nonhor-

monal therapies. Nonpharmacological therapies, such as 

acupuncture, soy, vitamin E, black cohosh, (which have 

not been proven to be any more efficacious than placebo), 

or pharmacological therapies, such as SSRI, SNRI, clo-

nidine, or gabapentin, either IR or ER – all have dem-

onstrated efficacy in treatment of vasomotor symptoms. 

Gabapentin, in both IR form and ER form, has minimal 

side effects.

The benefit of ER gabapentin is from the longer plateau 

phase, minimizing the side effect profile further than that of 

the immediate release formulation. Finally, patients can take 

the ER tablets once or twice a day, whereas regular gaba-

pentin must be taken three times a day, allowing increased 

compliance.
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