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Abstract

OBJECTIVE: To evaluate whether treatment with the anticonvulsant gabapentin may be effective in reducing hot flash frequency and severity.

Cited Here...: A randomized, double-blind, placebo-controlled trial was conducted in 59 postmenopausal women with seven or more hot flashes per day examining the effects of gabapentin 900 mg per day on hot flash frequency after 12 weeks of treatment. Subsequently, study patients were enrolled in a 5-week, open-label treatment phase, during which patients could increase the dose of gabapentin to 2700 mg per day, if needed.

Cited Here...: After 12 weeks of double-blind treatment, intention-to-treat analysis showed that gabapentin 900 mg per day was associated with a 45% reduction in hot flash frequency and a 54% reduction in hot flash composite score (frequency and severity combined into one score) from baseline, compared with 29% (P = .02) and 31% (P = .01) reductions, respectively, for placebo. Four patients (13%) in the gabapentin group and one (3%) in the placebo group withdrew from the double-blind study because of adverse events. Fifteen patients (50.0%) in the gabapentin group reported at least one adverse event, compared with eight patients (27.6%) in the placebo group. Higher, open-label gabapentin dosing was associated with 54% and 67% reductions in hot flash frequency and composite score from baseline, respectively.

CONCLUSION: Gabapentin is effective in reducing hot flash frequency and severity in postmenopausal women.

Hot flashes affect approximately 75% of postmenopausal women and 40% of perimenopausal women. Women who experience hot flashes have higher rates of sleep and mood disturbances than do women unaffected by hot flashes.1–3 Although hormone replacement therapy (HRT) is highly effective in reducing hot flashes, there is growing concern that long-term HRT is associated with an increased risk of developing breast cancer.4,5 Although the data are equivocal,6 the perception of increased breast cancer risk has influenced the decision-making of patients and physicians regarding HRT. Because about half of women who experience hot flashes will do so for 5 or more years, and up to 10% will do so for more than 15 years,1 risks from long-term HRT are relevant for this population. Most recently, HRT has been associated with increased rates of heart disease when used for primary prevention5 and has been shown not to have a role for secondary prevention of heart disease.7–9 In addition, many women have contraindications to HRT, such as those with a history of an estrogen-sensitive tumor, liver dysfunction, gall bladder disease, or a hypercoagulable state. Safe, effective, and well-tolerated alternative therapies for hot flashes are needed.

Gabapentin is a γ-aminobutyric acid analogue approved in 1994 for the treatment of seizures. Since then, gabapentin has shown efficacy in controlled studies for neuropathic pain,10,11 migraine headache,12 essential tremor,13 panic disorder,14 and social phobia.15 Recently, we reported that open-label gabapentin treatment was associated with a reduction of hot flashes in four postmenopausal women, one woman with tamoxifen-induced hot flashes, and one man with leuprolide-induced hot flashes.16

We conducted a randomized, double-blind, placebo-controlled trial to examine the effects of low dose (900 mg per day) gabapentin treatment on hot flash frequency and severity in 59 postmenopausal women. Sleep quality, mood, quality of life, and patient global impression of change were also assessed.
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MATERIALS AND METHODS

Study participants were recruited by advertisements and from a local news program about alternative hot flash therapies. We enrolled 59 postmenopausal women meeting the following entry criteria: an average of seven or more hot flashes per day accompanied by sweating; amenorrhea for more than 12 months or amenorrhea for 6–12 months with a serum follicle-stimulating hormone level greater than 40 mIU/mL and estrogen less than 20 pg/mL or status post-bilateral oophorectomy for 2 months; no estrogen, progestin, leuprolide, or tamoxifen therapy within the past 2 months; no change in dose of raloxifene, clonidine, or any antidepressant therapy within the past month and no plan to change the dose in the future; no calcium channel antagonist or gabapentin therapy within the past 2 weeks; no previous allergic reaction to gabapentin; and an estimated creatinine clearance of 60 or more mL per minute. Each patient was asked at screening to describe the symptoms of their typical hot flash. Events were considered hot flashes if described as a sudden onset of heat sensation accompanied with sweating that spontaneously resolved within 1 hour. At least one daytime hot flash per day was required. Also, if more than 50% of a patient's hot flashes were associated with occurrence of migraine headaches or ingestion of particular foods or beverages, the patient was not eligible.

After a 2-week screening baseline assessment, patients were randomly assigned to 12 weeks of double-blind therapy with either gabapentin 300-mg capsules, one capsule three times daily (900 mg per day), or identically appearing placebo. This dose of gabapentin was selected based on our previous open-label findings.16 The Office of Investigational Drug Services in the Department of Pharmacy at the University of Rochester prepared all study capsules and performed the randomization via a random number table. The randomization was stratified by surgical menopause status. Patient medication containers were labeled with sequential numbers corresponding to the treatment. The treatment code was kept secure by The Office of Investigational Drug Services and was not revealed to any study personnel until after the last patient completed the open-label study.

Medication was increased over the first week as follows: one capsule at bedtime for 3 days, then one capsule twice daily for 3 days, then one capsule three times daily thereafter. Dosing could be decreased for intolerable side effects. After 12 weeks of double-blind therapy, patients had the option of enrolling in a 5-week, open-label study, during which all patients received gabapentin. The dose could be titrated up to 2700 mg per day maximum as follows: every 4 days the total daily dose was increased by 300 mg until the patient experienced satisfactory reduction of hot flashes or intolerable side effects; the dose was then maintained or decreased by 300 mg per day for the remainder of the open-label study.

Patients made four visits to the General Clinical Research Center at Strong Memorial Hospital, Rochester, New York at screening, 2 weeks later at randomization, and after 4 and 12 weeks of treatment. Serum follicle-stimulating hormone and estrogen levels were assessed at the screening visit and Week 12. Serum luteinizing hormone, complete blood count with differential and platelets, chemistry-14 panel, and phosphate levels, as well as vital signs, height, and weight were assessed at randomization and Week 12. The University's Research Subjects Review Board approved the study, and all participants provided written, informed consent at the screening visit.

Hot flash frequency and severity were recorded in a hot flash diary. A novel, real-time hot flash diary was used to help maximize accuracy in hot flash recording. Patients were instructed to carry the diary with them at all times possible and to mark down the severity of a hot flash immediately after it occurred. Both daytime and nighttime hot flashes were recorded. Each hot flash was recorded by filling in the appropriate severity “bubble” on a scale of 1 to 7.

Daily hot flash frequency was calculated by adding the number of hot flashes recorded in a week and dividing by the number of days in that week for which completed diaries were received. Daily hot flash composite score reflected both hot flash frequency and severity in one score; it was calculated by adding the hot flash severity scores over a week and dividing by the number of days for which completed diaries were received. A minimum of 4 days of recorded data in a week was needed for the week to be included in the analysis.

Diaries were filled out for 6 consecutive weeks (from screening to treatment Week 4); for two, 1-week periods during Weeks 8 and 12; and for all 5 weeks of open-label gabapentin treatment. Diaries were mailed weekly to the study's data manager in the General Clinical Research Center.

Sleep quality, mood, quality of life, and patient global impression of change were assessed at screening and Weeks 4 and 12 with the Pittsburgh Sleep Quality Index,17 the Profile of Mood States,18 the Short Form-36 Health Survey,19 and the Patient Global Impression of Change Scale,11 respectively. Adverse events were monitored at each visit, and patients were asked about adverse events during bimonthly phone contacts.

Given our inclusion criterion of 7–20 hot flashes per day, we assumed a mean daily hot flash frequency at baseline of approximately 12 in each group. We also estimated a standard deviation of the change from baseline to 12 weeks in daily hot flash frequency of 4. Under these assumptions, a sample size of 22 subjects per group was chosen to provide 90% power to detect a 33% reduction (from 12 to 8) in mean daily hot flash frequency with gabapentin, using a two-tailed t test at the 5% level of significance. Because we planned to use the Wilcoxon rank sum test instead of a t test in the primary analysis, and we anticipated that some subjects would not complete the trial, we increased the sample size to 30 subjects per group (60 total).

The primary outcome measure was the percentage change in hot flash frequency from baseline to treatment Week 12. Secondary outcome measures included the percentage change in hot flash composite score from baseline to Week 12, the Patient Global Impression of Change Scale score at Week 12, and absolute changes from baseline to Week 12 in Pittsburgh Sleep Quality Index total score, Profile of Mood States total and sub-scale scores, and Short Form-36 Health Survey subscale scores. Group comparisons of hot flash scores were also performed at other time points; P values are reported for these comparisons for descriptive purposes only and are not adjusted for multiple comparisons. The Wilcoxon rank sum test was used to compare the treatment groups regarding all outcomes, except a χ2 test was used to compare the percentages of patients having a greater than 50% reduction in hot flash composite score from baseline to Week 12. Treatment effects were estimated using the Hodges–Lehmann estimate of the group difference in population medians and its associated 95% confidence interval.20 Secondary analyses of the primary outcome variable adjusting for group differences in baseline characteristics were performed using analysis of covariance. All statistical tests were performed at the two-tailed 5% level of significance.

All hot flash analyses were performed according to the intention-to-treat principle. Analyses of the hot flash frequency and composite score data included all randomized patients. If data was missing for any week, the last available observation for that patient was imputed for that week. We repeated these analyses not using imputation for missing data, for comparison purposes; the results of these analyses did not significantly differ and hence are not reported here. Non–hot flash secondary outcome measures did not use imputation for missing data.
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RESULTS

A total of 246 women were screened by phone conversation. Most were ineligible because of insufficient hot flash frequency or occurrence of menses within the past 6 months. Fifty-nine patients were enrolled from July to November 2000 (Figure 1), and follow-up continued until March 2001. Patient baseline characteristics are summarized in Table 1.
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Of the 54 patients who completed the double-blind study, 26 of 26 (100%) and 26 of 28 (93%) of gabapentin-treated and placebo-treated patients, respectively, provided complete diary data during the 12th week of treatment. Of the 50 patients who completed the open-label gabapentin study, 20 of 24 (83%) and 26 of 26 (100%) of patients previously assigned to gabapentin and placebo, respectively, provided complete diary data during the fifth week of open-label treatment.

Low-dose gabapentin (900 mg per day) provided significant improvement in both hot flash frequency and composite score compared with placebo after 12 weeks of treatment. There was a 45% decrease in mean hot flash frequency and a 54% decrease in mean hot flash composite score from baseline in the gabapentin group, compared with a 29% (P = .02) and a 31% (P = .01) decrease in the placebo group, respectively. This difference was apparent even after the first week of treatment (Figures 2 and 3). Analyses adjusting for group differences in baseline characteristics (in particular, duration of hot flashes and Profile of Mood States Total Mood Disturbance score) did not significantly alter the results. Sixty-seven percent of gabapentin-treated patients, compared with 38% of placebo-treated patients, experienced a more than 50% reduction in hot flash composite score during Week 12 (P = .03).

[image: Figure 2]Figure 2. Hot flash frequency scores. For double-blind study: P < .05 for gabapentin/placebo comparisons at all time points except at week 8, when P = .07. For open-label study: P > .56 for between-group comparisons at all time points.Guttuso. Gabapentin and Hot Flashes. Obstet Gynecol 2003.



[image: Figure 3]Figure 3. Hot flash composite scores. For double-blind study: P < .05 for gabapentin/placebo comparisons at all time points. For open-label study: P > .31 for between-group comparisons at all time points.Guttuso. Gabapentin and Hot Flashes. Obstet Gynecol 2003.



Results from the open-label study showed mean reductions in hot flash frequency and composite scores during Week 17 of 54% and 61%–67%, respectively (Table 2). Seventy-two percent of patients experienced a more than 50% reduction in hot flash composite scores during Week 17. Worsening of hot flashes in the gabapentin group during Week 13 was likely due to the decreased gabapentin dose while repeating the open-label titration.

[image: Table 2]Table 2. Treatment Effects on Primary and Secondary Outcome Measures



During the open-label study, patients were able to adjust their own gabapentin dosing from 300 to 2700 mg per day, based on effectiveness. Of the 54 patients who started the open-label study, 44 patients (81.5%) requested to continue gabapentin after the open-label study for the treatment of their hot flashes. Of these 44 patients, 11 (25.0%) requested a dose of 900 or less mg per day, 27 (61.4%) requested a dose between 900 and 1800 mg per day, and 6 (13.6%) requested a dose between 1800 and 2700 mg per day. Patients who requested the higher doses tended to have a higher frequency of hot flashes at baseline (data not shown).

The most common adverse events in the gabapentin group during the double-blind study were somnolence (six patients [20.0%]), dizziness (four patients [13.3%]), and rash with or without peripheral edema (two patients [6.7%]), none of which occurred in the placebo group. Onset of menses was the most common adverse event in the placebo group, occurring in three patients (10.3%), compared with two patients (6.7%) in the gabapentin group. Fifteen patients (50.0%) in the gabapentin group reported at least one adverse event, compared with eight patients (27.6%) in the placebo group. Four patients (13.3%) in the gabapentin group withdrew from the study because of dizziness, rash, heart palpitations, and peripheral edema, respectively. One patient (3.4%) in the placebo group withdrew because of diarrhea. Two patients (6.7%) in the gabapentin group temporarily decreased the dose because of dizziness and sleepiness, respectively. Higher gabapentin dosing during the open-label study was not associated with increased adverse events. Two patients previously in the placebo group withdrew from the open-label gabapentin study because of the side effects of dizziness and peripheral edema, respectively.

There were no significant differences between the groups in any of the total or subscale scores of the Short Form-36 Health Survey, Profile of Mood States, or Patient Global Impression of Change Scale measures at either Week 4 or Week 12 (Table 2). Sleep quality, measured by the Pittsburgh Sleep Quality Index, was improved in the gabapentin group at Week 4 (− 3.1 compared with − 0.9 mean point change from baseline, gabapentin versus placebo, P = .01); however, this benefit was no longer apparent at Week 12 (− 2.9 compared with − 1.2 mean point change from baseline, gabapentin versus placebo, P = .09).

Blood laboratory studies at Week 12 compared with baseline showed decreases in albumin, total protein, total bilirubin, blood urea nitrogen, and platelets in the gabapentin group compared with the placebo group (Table 3). Changes in other laboratory studies as well as in patient vital signs and weight from baseline to treatment week 12 were not significantly different between the two groups.

[image: Table 3]Table 3. Serum Laboratory Values and Weight, Change from Baseline to Week 12
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DISCUSSION

The results of this randomized, double-blind, placebo-controlled trial have confirmed our previous open-label findings that low-dose gabapentin is effective in treating hot flashes in postmenopausal women. A significant difference between the gabapentin and placebo groups was apparent after 12 weeks of therapy, and this difference was consistent throughout the double-blind study. Subsequent, open-label data showed that most patients (86.4%) were satisfied with moderate gabapentin doses (up to 1800 mg per day) to treat their hot flashes. The Patient Global Impression of Change Scale and Pittsburgh Sleep Quality Index non–hot flash secondary outcome variables tended to favor gabapentin treatment; however, the Profile of Mood States and Short Form-36 Health Survey did not (Table 2). Gabapentin treatment was preferred to no treatment, as 81.5% of patients requested to continue gabapentin treatment after the open-label study was completed. There were no gabapentin withdrawal symptoms reported by any patients who withdrew from the study or by any patients at study completion.

In the double-blind study, gabapentin adverse events were similar to those found in previous studies10,11 and consisted mostly of somnolence and dizziness during the initial few weeks of therapy. In our experience, gabapentin's side effects can be effectively managed by maintaining a gradual titration, as performed in this study, and by taking the medication with meals. To our knowledge, this is the first report to associate gabapentin with a significant decrease in serum total protein. Peripheral edema is a known side effect of gabapentin10 and led to two patient withdrawals from our study. It would be interesting to determine if serum protein levels are further decreased in such patients experiencing peripheral edema.

Despite patient randomization in this study, there were some group differences in patient baseline characteristics (Table 1), most notably, duration of hot flashes and Profile of Mood States Total Mood Disturbance score, both of which tended to be higher in the gabapentin group. Analyses that adjusted for these baseline characteristics did not affect the results. Although gabapentin does have clinical anxiolytic effects,14,15 it is unlikely that this mode of action accounts for the associated improvement in hot flashes because gabapentin did not affect the tension/anxiety subscale or the total mood disturbance score as measured by the Profile of Mood States (Table 2). On the other hand, gabapentin's potentially sedative side effects may have played a role in a reduced perception of nighttime hot flashes. The hot flash diary used in this study reflected a placebo effect equivalent to those reported in other recent hot flash studies using a conventional diary.21,22

Another nonhormonal, alternative hot flash therapy shown to be effective is the antidepressant venlafaxine. A recent double-blind, placebo-controlled study in breast cancer patients showed a significant benefit for venlafaxine therapy over placebo after 4 weeks of treatment.21 A majority of the patients (69%) were taking tamoxifen, which is known to cause hot flashes, making it unclear if these results can be generalized to non–tamoxifen-using, postmenopausal women with hot flashes. Also, long-term efficacy for venlafaxine may not be inferred after 4 weeks of treatment. For example, belladonna–ergotamine tartrate–phenobarbital has been shown to have significant benefit over placebo in the treatment of hot flashes after 4 weeks but to no longer be efficacious after 8 weeks of treatment.23 The US Food and Drug Administration recommends at least 12 weeks of double-blind therapy for clinical trials on hot flash therapies.24 Other alternative hot flash therapies, such as black cohosh, clonidine, soy, vitamin E, selective serotonin re-uptake inhibitors, and methyldopa have either not been studied in controlled trials, show inconsistent findings in clinical trials, or have limited efficacy and/or poor tolerability.22,25–31

Gabapentin's mechanism of action is unknown; however, modulation of calcium currents may be involved, as gabapentin has been shown to inhibit neuronal calcium currents in vitro,32 and gabapentin's binding site is known to be on the α2δsubunit of voltage-gated calcium channels.32,33 In an animal model of neuropathic pain, the gabapentin-binding site was shown to upregulate 17-fold selectively in rat dorsal root ganglion in response to peripheral nerve injury.34 This marked upregulation may be involved with gabapentin's efficacy in the treatment of neuropathic pain. Similar localized plasticity of this binding site in the central nervous system in response to the estrogen-deprived state could play a role in gabapentin's efficacy in the treatment of hot flashes. The pathophysiology of hot flashes is also unknown; however, there is evidence that elevated levels of tachykinin neurotransmitters in the arcuate nucleus of the hypothalamus are involved.35,36 The arcuate nucleus has direct connections with a central temperature regulatory center that has been implicated in hot flash physiology.37 Gabapentin binding sites have not been localized to the hypothalamus in male rats, but female species have yet to be studied. We speculate that mitigation of hypothalamic tachykinin activity is involved in gabapentin's mechanism of action in the treatment of hot flashes. Further studies are needed to address this hypothesis.

In addition, further randomized controlled trials using higher doses of gabapentin in postmenopausal women, as well as in populations with treatment-induced hot flashes caused by medications such as tamoxifen, raloxifene, or leuprolide, are merited.
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Table 2. Treatment Effects on Primary and Secondary Outcome Measures

Gabapentin Placebo Treatment
Variable (n = 30) (n=29) effect* 95% Cl P
Percentage decrease from bascline.
Hot flash frequency
Week 4 132 (269) 217 (438) 23 (22,438) 03
Week 12 44.6 (31.5) 289 (32.1) 209 (2.7,34.0) 02
Week 17 (open label) 535 22.0) 537 (382.6) -21 (~186,15.6) 82
Hot flsh composite score:
Week 4 515 (30.6) 17.6 (58.) 339 (7.6,53.7) o1
Week 12 535 (35.9) 31.4 (38.7) 25.5 (6.8,42.3) 01
Week 17 (open label) 67.3 209) 613 (38.9) 00 (~136,168) 100
Ghange from baseline to Week 12
PGIC 58(12) 52 (L1) 10 00,20 07
POMS Tension/Anxiety Subscale -39 (64) -2235) 0.0 (-3.0,20) 77
POMS Total Mood Disturbance” ~183 (34.5) ~67 (16.5) -40 (-19.0,60) 4
PsQI -2933) -12(30) -20 (~40,00) 0
SF-36 MCS 4.4(102) 2.2 (6.8) 12 1-— 7,53) A1
SF36 PCS -1137) —03 (5.6) -06 (-30,17) 42
CI = confidence interval; PGIG = Patient Global lmprmmrn ‘of Change; POMS = Profile of Mood Smu, PSQJ = Piutsburgh Sleep Quality Index;
MCS = Mental Health C = Physical Health Cc ry. Other as in Table 1.

Values are mean (standard deviation) unless chernse s
*Treatment effctis the Hodges-Lehmann estimate of the group difference (gabapentin-placebo) in population medians; e text for details.
* Decreased value indicates improvement in this measure.
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Table 3. Serum Laboratory Values and Weight, Change from Baseline to Week 12

Laboratory Gabapentin Placebo P

Albumin (g/dL) ~0.26 (0.46) —0.04(0.45) 03

Fotal protein (g/dL) ~022 (0.35) ~0.07 (0.41) 03

Toal bilirubin (mg/dL) ~0.08 (0.20) ~0.01 (0.30) 0

Blood urea nitrogen (mg/dL) ~135 8.21) 139 (4.18) 02

Placlets (1000/L) G681 (5464 04

Estrogen (pg/mL) 144 (14.59) 71

Follcle stimulating hormone (mIU/mL) 1(27.06) ~0.20 30.01) 31
Luccinizing hormone (mIU/mL) 1.09 (18.90) 69 (14.71)
Alkaline phosphatase (TU/L) —4.54 (12,51) ~5.79 (12.26)
Alanine aminotransferase ([U/L) ~4.62 (1930) ~414 (1054
lr 7 (11.78) ~139 (6.04)

inine (mg/dL) ~0.06 (0.12) ~0.05(0.10) 9%

Weight () 2,60 ¢

.66) 0.

5 (17.36)
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187 ineligible:
65 menses < 6 months,
58<7 hot flashes/day,
33 HRT or tamoxifen,
31 Other

double-blind study

double-blind study
54 patients enrolled in open-label
gabapentin study

2 withdrawals from adverse evens,
2 lost to follow-up

50 completed open-label
‘gabapentin study
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Table 1. Patient Baseline Characteristics

‘Gabapentin Placebo
Characteristic (n = 30) (n=29)
Age (y) 527 (3.6) 530 3.1)
Weight (Ib) 158.7 (363) 1528 (283)
Daily hot lash frequency 108 (4.1) 103 (37)
Daily hot flash composite score 44,5 (19.0) 395 (19.1)
Duration of amenorrhea (mo) 67.8 (8L.1) 148 (39.0)
Duration since host flashes started (mo) 633 (535) 36.4 30.0)
Serum follicle-stimulating hormone (mIU/mL) 759 (24.5) 906 (28.7)
Serum estrogen (pg/ml)* 149 (165) 12.8 8.0)
Serum luteinizing hormone (mIU/mL) 103(173) 4838 (163)
Piusburgh Sleep Quality Index Score 93 38) 862 (3.4)
SF:36 Mental Health Component Summary 149.4(12.0) 507 (112)
SF:36 Physical Health Component Summary 192 (102) 527 (6.6)
Profile of Mood States Tension/Anxiety Subscale 101 8.1) 8.1(6.0)
Profile of Mood States Total Mood Disturbance 253 (302) 165 (26.2)
Surgical menopause 8(26.7) 6(20.7)
Raloxifene therapy 133) 5(17.2)
Antidepressant therapy 4(133) 2 (6.9)
Non Hispanic white 28 (933) 27(93.1)
Non Hispanic black 2(6.7) 2(6.9)

5F36 = Short Form 36 Health Survey. Valucs arc mean (sandard deviation) or 7 (%).
* Values of <20 pg/mL were recorded as 10 pg/mL for calculating statistics.





