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Background and purpose: The aim of this study was to systematically review the efficacy and tolerability of gabapentin in the treatment of sleep disturbance in patients with medical illness.

Methods: PubMed was searched for randomized, double-blinded, placebo-controlled trials that reported sleep changes during gabapentin treatment up to November 2015.

Findings: This review included 26 studies involving 4,684 participants. Except for Composite Endpoint 3 [standardized mean difference (SMD) = 0.09, 95% confidence interval (CI): −0.05–0.22] compared with the placebo group, the gabapentin group showed superior outcomes on our endpoints: Composite Endpoint 1 (SMD = 0.50, 95% CI: 0.28–0.71), Composite Endpoint 2 (SMD = −0.53, 95% CI: −0.77 to −0.30), Composite Endpoint 4 (SMD = −0.38, 95% CI: −0.58 to −0.19), Composite Endpoint 5 [risk ratio (RR) = 1.79, 95% CI: 1.24–2.58], and Composite Endpoint 6 (RR = 0.48, 95% CI: 0.32–0.72). However, the patients in the gabapentin group showed worse tolerance than those in the placebo group (RR = 1.38, 95% CI: 1.08–1.76).

Implications: This study is the first to systematically assess the clinical value of gabapentin for the treatment of sleep disorders. We found that regardless the type of sleep outcomes, gabapentin displayed stable treatment efficacy for sleep disturbance in patients with medical illness. However, when an average dose of approximately 1,800 mg/day was used, the risk of treatment discontinuation or drug withdrawal was relatively high. We recommend that further studies confirm these findings in patients with primary sleep disorders.
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INTRODUCTION

Sleep disorders have been always a disturbing public health issue, not only because they affect quality of life, increase the patient’s risk of cardio-cerebrovascular disease (1, 2) and death (2, 3), weaken social productivity, and increase medical burdens (4, 5) but also because unlike other diseases with a phase-wise pattern, they cannot be cured using multiphase treatment. Although phenobarbital, benzodiazepine hypnotics, Z-drugs, antidepressants, and melatonin receptor agonists can all contribute to a certain extent (6, 7), few of these treatments can either restore patients’ normal sleep structure or completely cure sleep disorders.

Gabapentin, an apha-2-delta voltage-gated calcium channel ligand (8) that is widely used for the treatment of epilepsy, neuropathic pain, and restless legs syndrome, can enhance slow-wave sleep in both normal individuals (9) and epileptic patients (10, 11) and can improve slow-wave sleep and sleep efficiency and reduce nighttime awakening in patients with primary sleep disorders (12). However, these findings have not been verified with randomized controlled trials. Clinical studies have revealed that gabapentin could improve the objective and subjective outcomes of sleep disturbance in patient with medical illness (13–37). Gabapentin Enacarbil (GEn) or XP13512 is a prodrug of gabapentin, used as an anticonvulsant and for pain relief in postherpetic neuralgia. This new formulation of gabapentin was designed for increased oral bioavailability over gabapentin. It provides reliable drug absorption and consistent bioavailability (16). Nevertheless, the results derived from these studies had certain inconsistencies and did not undergo any systematical evaluation. Through a systematic review of the use of gabapentin to treat restless legs syndrome, neuropathic pain, alcohol dependence, hot flashes in menopause, fibromyalgia, phantom limb pain, human immunodeficiency virus (HIV)-associated sensory neuropathies, and bipolar disorder, this study attempted to evaluate the efficacy and tolerability of gabapentin for the treatment of sleep disturbance in patients with medical illness.

MATERIALS AND METHODS

This systematic review and meta-analysis were performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (PRISMA) (38). There are no ethical issues involved in our study because our data were based on published studies.

Data Sources and Search

PubMed was searched for all clinical trials related to the present research topic (up to November 8, 2015). The keywords selected from the Medical Subject Headings (MeSH) included intervention, study type, and endpoint event. The search range was “title/abstract/keywords.” No language restrictions were applied. In addition, we screened the reference lists of all included trials to identify additional eligible studies. Detailed information regarding the search terms used in the literature search is provided in the Supplementary Material.

Study Selection

Eligible Trials

(1) Participants: all included patients were 18 years or older and had/did not have a record of baseline sleep status; (2) intervention: the patients in the treatment group received gabapentin, gabapentin enacarbil, or XP13512 (Gabapentin), and the patients in the control group received placebos with a treatment duration of at least 7 days; (3) endpoints: all included trials reported sleep changes and treatment discontinuation or drug withdrawal events that were possibly or probably related to the study drugs; (4) study type: randomized, double-blinded, controlled trials were included.

Data Extraction

Using a unified form, two investigators independently extracted the data and created the data spreadsheet, which were then cross-checked to ensure data accuracy. Disagreements were resolved by consensus. The extracted data mainly included the six composite endpoints and treatment discontinuation or drug withdrawal events that were possibly or probably related to the study drugs.

Endpoint Definitions

Because of the diversity of outcomes reported in the included trials, only a limited number of trials provided data that could be pooled for each meta-analysis. To reach a sufficient statistical level, we introduced the concept of “composite endpoint” to pool the data related to sleep outcomes with similar significance and a consistent direction.

Based on the treatment outcomes and relevant data provided by the original trials, seven composite endpoints were analyzed for evaluation. Composite Endpoints 1–6 were used to evaluate the efficacy of gabapentin, and Composite Endpoint 7 was used to evaluate treatment discontinuation or drug withdrawal events that were possibly or probably associated with gabapentin. Composite Endpoints 1–4 indicated sleep improvement after treatment. Specifically, Composite Endpoint 1 represented the net increase in the evaluation indices provided in the trials in which the index values increased, but the baseline values were not provided. Composite Endpoint 2 represented the net decrease of evaluation indices provided in the trials in which the index values decreased but the baseline values were not provided. Composite Endpoint 3 and Composite Endpoint 4 represented the posttreatment values of the evaluation indices provided in the trials in which the index values increased and the trials in which the index values decreased (none of these trials provided the baseline values), respectively. Composite Endpoint 5 (Excellent, 0 or Good) represented the sleep outcomes that received the highest grades in the survey, e.g., the overall quality of sleep was evaluated as “Excellent,” or the ability to function was evaluated as “Good,” or the number of nighttime awakenings caused by RLS symptoms was 0, or the number of hours awake per night because of RLS symptoms was 0 in the past week. Composite Endpoint 6 (Poor, ≥3, ≥5, or 7) represented the sleep outcomes that were graded the lowest in the survey, e.g., the overall quality of sleep was evaluated as “Poor,” or the ability to function was evaluated as “Poor,” or the number of nighttime awakenings caused by RLS symptoms was ≥5, or the number of hours awake per night because of RLS symptoms was ≥3, or the number of nights with RLS symptoms was 7 in the past week.

Quality Assessment

Two investigators evaluated the methodological quality of all included trials according to the Cochrane Collaboration’s tool for assessing bias [the Reviewer’s Handbook (39)].

Grading of Recommendations Assessment, Development, and Evaluation (GRADE) Classification

Based on the GRADE study group criteria (20), we graded the evidence quality for all of the endpoints.

Data Synthesis and Analysis

Based on the formula and endpoint definition, the values of the same endpoints in each trial were pooled first and then the data from different trials were pooled together for analysis. The standardized mean difference (SMD) and risk ratio (RR) were used to assess the abovementioned endpoints. Prior to the meta-analysis of each endpoint, statistical heterogeneity across the various trials was tested using Chi-square test. A P-value greater than the nominal level of 0.10 and I2 ≤40% indicated a lack of heterogeneity across trials, allowing for the use of a fixed-effects model; otherwise, a random-effects model was used. The inverse variance method was used for continuous variables, and the Mantel–Haenszel method was used for dichotomous variables. In addition, a sensitivity analysis was conducted by removing each trial one at a time, and the publication bias was evaluated using the Egger test.

SPSS Predictive Analytics Software version 18.0 (SPSS, Inc., Chicago, IL, USA) was used for the Chi-square tests, and Stata Statistical Software version SE 12.0 (Stata Corp. LP, College Station, TX, USA) was used for all other analyses.

RESULTS

Search Results and Trial Characteristics

Ninety-eight records were identified through database searches and were screened by reading titles, abstracts, and part of main text. After irrelevant papers, observational studies, duplicates, and trials that used non-placebo control drugs were excluded, 26 papers (13–19, 21–37, 40, 41) met the inclusion criteria. The included publications comprised eight RLS-related trials, eight neuropathic pain-related trials, and three alcohol dependence-related trials, two trials involving hot flashes in menopause, one fibromyalgia-related trial, one trial involving phantom limb pain, one trial involving HIV-associated sensory neuropathies, and one bipolar disorder-related trial. Among the included studies, six trials were included only for systematic review and 20 trials were included for meta-analysis.

The included 26 trials involved 4,684 patients. The average follow-up length was 11.07 weeks/per patient, and the total follow-up time was 997.23 patient-years. The average age of 83.50% of the patients was 55.45 (±13.45) years. Among 96.50% of patients, males accounted for 42.73%; among 90.67% of patients, the average length of disease course was at least 6.23 (±9.76) years. The initial dose of gabapentin was 300 or 600 mg/day; after the dose-increasing phase, the minimum dose was 600 mg/day and the maximum dose was 3,600 mg/day, with an average dose of 1,793.92 mg/day. Figure 1 presents the screening process used in the study, Table 1 lists the main characteristics of all included trials.


[image: image1]

FIGURE 1 | Flow diagram of the screening process.



TABLE 1 | Characteristics of the included studies.
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Quality Assessment

There were seven trials (14, 16, 18, 19, 32, 33, 41) (26.92%) with random sequence generation (14, 16, 18, 19, 22, 32, 33, 41) (30.77%) with allocation concealment, eight trials (14, 16, 18, 19, 22, 32, 33, 41) (30.77%) with blinding of participants, and three trials (16, 32, 41) (11.54%) with blinding of personnel treating the patients and outcome assessors. Except for the 26 trials above that had unclear risks, the trials included in this study had low risks of bias (Figures S1 and S2 in Supplementary Material).

Efficacy

A pooled analysis of eight trials (21, 23, 25–27, 29, 40, 41) demonstrated that other than some indicators in three trials (26, 40, 41), gabapentin showed a treatment efficacy superior to that of the placebos in all trials (Table 2). Regarding multiple subjective and objective sleep indices, the meta-analyses indicated that, except for Composite Endpoint 3 (13, 18, 33, 35) [SMD = 0.09, 95% confidence interval (CI): −0.05–0.22], Composite Endpoint 1 (23, 24, 26, 36, 37), Composite Endpoint 2 (16, 19, 22–24, 26, 28, 30–32, 34, 35, 37), Composite Endpoint 4 (14, 15, 18, 19, 30, 33, 35), Composite Endpoint 5 (17, 26), and Composite Endpoint 6 (17, 26) confirmed that gabapentin’s treatment efficacy was superior to that of the placebos (Figures 2 and 3).

TABLE 2 | Efficacy comparison of gabapentin and placebos.
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FIGURE 2 | Forest plots of Composite Endpoint 1, Composite Endpoint 2, Composite Endpoint 3, and Composite Endpoint 4. Except for Composite Endpoint 3, the treatment effects of gabapentin were superior to those of the placebo; a random-effects model.
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FIGURE 3 | Forest plots of Composite Endpoint 5, Composite Endpoint 6 and Composite Endpoint 7.The treatment effects of gabapentin were superior to those of the placebo; the tolerability of gabapentin was lower than that of the placebo; a random-effects model.



Tolerability

All of the trials reported mild-to-moderate adverse effects. The moderate adverse effects occurred primarily during the dose-increasing phase and significantly decreased in frequency afterward. Drowsiness, dizziness, and weakness were the most frequently reported effects. These discomforts were tolerable for the majority of patients but resulted in drug withdrawal in a portion of patients. A meta-analysis of 20 trials (7, 14–17, 19, 21, 22, 25–28, 32–37) showed that for adverse events that were possibly or probably related to the study drug and could lead to treatment discontinuation and drug withdrawal, the gabapentin group had a 1.45-times higher risk than the placebo group (RR = 1.38; 95% CI: 1.08–1.76; Figure 3); For adverse events that were possibly or probably related to the study drug and could lead to treatment discontinuation and drug withdrawal, the incidences in the gabapentin group and the placebo group were 8.19 and 5.37% (P < 0.001), respectively. Sixteen trials (14, 17, 19, 21, 22, 25–29, 31–34, 36) reported serious adverse effects. However, other than one case of headache (34), one case of serious dizziness and drowsiness (21), and one case of vision disturbance (19), no serious adverse effects were associated with the use of gabapentin. No serious adverse events associated with the use of placebos were found.

GRADE Classification

For the GRADE classifications of evidence quality, the high, moderate, low, and extremely low were 0, 3, 3, and 0, respectively (Table 3).

TABLE 3 | Summary of the ratings regarding the quality of evidence.

[image: image1]

Sensitivity Analysis

The sensitivity analysis indicated that, for Composite Endpoint 1, the removal of any one trial led to a lower limit of the CI of SMD that was higher than 0; for Composite Endpoint 2 and Composite Endpoint 4, the removal of any one trial led to an upper limit of the CI of SMD that was lower than 0; for Composite Endpoint 5 and Composite Endpoint 7, the removal of any one trial led to a lower limit of the CI of the RR that was higher than 1; for Composite Endpoint 6, the removal of any one trial led to the lower limit of the CI of the RR that was lower than 1 (Figures S3–S8 in Supplementary Material). The above results suggest that the results for these endpoints were robust and had a low sensitivity.

Publication Bias

The P values of all endpoints derived from the Egger test were greater than 0.05, indicating there was no publication bias (Table 4).

TABLE 4 | Results of the Egger test.
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DISCUSSION

This study revealed that without consideration of the type of sleep outcomes, gabapentin was significantly superior to placebos for the treatment for sleep disorders secondary to RLS, neuropathic pain, alcohol dependence, hot flashes in menopause, fibromyalgia, phantom limb pain, HIV-associated sensory neuropathies, and bipolar disorder. However, with an average dose of approximately 1,800 mg/day, gabapentin had a higher risk of treatment discontinuation and drug withdrawal compared with placebo.

The above conclusion was drawn from an extensive summary of trials involving various primary diseases. Only a small portion of these trials reported the baseline sleep status (14, 18, 21, 26, 27, 36, 37, 41), and none of these trials reported the sleep status prior to the disease. Because it was impossible to distinguish absolutely true, partially true, and false sleep disturbance, we could not exclude the contribution of false sleep disturbance to the final treatment efficacy in patients with medical illness. However, it is worth noting that more than 90% of the patients in these trials had an average disease course of 6.23 (±9.76) years. In terms of the psychological aspects of insomnia, the intention to fall sleep often becomes a driving factor of sleep difficulty (47) and worries about being sleepless often cause early awakening or anxiety (48), particularly among patients who are prone to excessive worry or over thinking. Without timely correction, one episode of sleep difficulty can easily induce a second episode in patients with related psychological traits, and as a result, ongoing sleep difficulties ultimately lead to a chronic sleep disorder. Some researchers believe that the initiating event does not significantly affect the progression of chronic sleep disorders (49) and that chronic sleep disorders are not closely associated with primary disease and thus do not improve with the improvement of the primary disease. In other words, during the chronic course of the abovementioned primary diseases, false sleep disturbance might have transformed into true or partially true sleep disturbance in patients with medical illness for the majority of the sample pool. Thus, we believe the existence of false sleep disturbance in medical illness would not significantly affect the results of the efficacy analysis, and the improvement of sleep disorders can be attributed to the efficacy of gabapentin treatment. The following experimental evidence supports this deduction: gabapentin can shorten sleep latency (36), reduce awakenings (12, 26, 35, 36), reduce fast-wave sleep (23), enhance slow-wave sleep (9–12, 18, 36), prolong the total sleep time (18, 23, 36), increase sleep efficiency (12, 18, 36), and improve the quality of sleep (17, 23, 35, 36). In fact, because of its sedative effect in various diseases, gabapentin has been clinically used as a hypnotic (48). Nevertheless, its efficacy for primary sleep disorders remains to be verified by randomized controlled trials, and the optimal dosage that is effective and tolerable in most patients needs to be identified.

It is necessary to emphasize that despite its insignificant impact on the progression of sleep disorders, the initial sleep difficulty can induce the recurrence of disease (49). In other words, the complete cure of sleep disorders requires a complete removal of the initiating stimulus. Therefore, the use of gabapentin in the abovementioned diseases can “kill two birds with one stone.”

Moreover, it is worth noting that pooled statistics were used with the basic premise of analyzing the efficacy of gabapentin. In this study, we introduced the concept of “composite endpoints” to pool sleep-outcome data that had similar significance and consistent direction. In a broad sense, this research method is in accordance with the basic principle of meta-analysis (39).

Research Significance

Through a systematic review and meta-analysis, this study for the first time systematically evaluated the clinical value of gabapentin for the treatment of sleep disorders. Used as a starting point, this study could inspire more researchers to conduct in-depth research on this topic.

Study Limitations

Because of the difficulty of distinguishing false sleep disturbance from true ones in patients with medical illness, we were unable to exclude their contribution to the treatment efficacy. In addition, because of the limitations of the original trials, we were unable to conduct a meta-analysis of individual sleep outcomes and analyses related to treatment dose and timing or patient gender.

CONCLUSION

This is the first study to systematically evaluate the clinical value of gabapentin for the treatment of sleep disorders. Regardless the type of sleep outcomes, gabapentin showed stable efficacy in the treatment for sleep disturbance in patients with medical illness with a relatively high risk of treatment discontinuation and drug withdrawal when used at an average dose of approximately 1,800 mg/day. Because the adverse events often occurred during the dose-increasing phase, and the dose was high, reducing the dose-increasing speed and lowering the dosage of gabapentin might reduce the risk. In addition, it would be ideal if our conclusions could be further verified in patients with primary sleep disorders.
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Backonia  Dabetcnewaga 165 53+ 1032 60 1161£9.15 Gabapentn: 900mg/dayforthefist  Kenticalplacebo  Mean seep nterferoce  RCT. 8
et . (15) week, increased 10 3,600 mg/day. score’; adverse eflect

rom the fourth week
] Foromyaga 150 48251122 %0 205 Gabapentin: 300 mg before bedtime  Kdenticalpacebo  Medical outoomes study  RCT: 12
atal. (14) at the fst week, increased to sieep problems index score

600 mg twice a day plus 1,200 mg (45); adverse effects

before beime from the

sixth woek
Winkeiman  RLS. 212 520x127 4198 NR Gabapentin enacarbi: 600 mg/day 4 weeks of identical  Poysomnography RCT plus
et a. (36) infialy,increased 10 1200 mg/day  placebo, folowed by parameers; subjeciive crossover; 8

from the fourth day to the end of the 4 weeks of gabapentin  post-sleep diary;tokrabilty

first 4 weoks, folowed by another  enacarbi ieatment  assessments

4-week placebo treatment phase after  afer 2 weeks of

a 7-day dose-decreasing period and a  washout

7-day washout period
Vieta Bipolar cisorder 25 468721474 28 1879£1090 Gabapenin: 1200 mg/cayinialy,  Kdenicalplacsbo  Pitsburgh seep qualty  ACT 54
otal. (39 adjusted to 900 mg/day withn 1 week index global score (44)

acoordingto the symptoms and adverse effects

patient toerance
Pikerton  Hot fashes i 598 54605 0 22 Gabapenti: 600 mo/day inialy, Kentical placebo  Mean sleep interference  RCT: 24
otal.(26)  menopause Increased to 1,800 mg/day (600 mg score’; adverse eflects

with breakfast and 1,200 mg with the

evening mea) from the seventh day
Walace  Postherpetic 400 6667+1255 52 2025 Gabapentin: 1,800 mgatnightfor  Kdentcalplacebo  Mean sleep interference  RCT: 10
otal. (34  nouagia Group 1 and 600 g in the morning scorer; adverse effects

and 1,200 mg at might for Group 2
ving Postherpetic 158 69371150 4684 2025 Gabapentin: 1800 mgatnight for  ldentical placebo  Mean sieep iterleence  RCT:4
otal. 22 neualgia Group 1 and 600 mg in the morning scorer; adverse effects

and 1,200 mg at night for

Gow 2
Lee RS @2 4895:1256 56860 15561200 Gabapentn enacari: 600 mg/day for ldentical placebo  Pitsburgh sieep diary, post- AT 12
etal. 26) Group 1 and 1,200 mgy/day (once daily sieep questionnaire: adverse

at5:00pm. for Growp 2) effects
Kushida  ALS 21 511211280 4027 1407£1378 Gabepenin(XP13512) 1200mgonce  Kdenticalplacebo  Medical outcomes study  ACT: 12
etal. (23) daiy at 5:00 p.m. sloep problems index

score (45); post-sieep
questionnaire; Pittsburgh
‘Sleep Diary (46); adverse
effects
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Kushida  ALS 76 501:132 4211 143041409 GabapeninXP13512) 1,800 mg/day  Placebo during Polysomnography RCT plus crossover;
etal. (23) during Period 1 folowed by placebo  Period 1, folowed by parameters; adverse effects 4
during Period 2 Gabapentin (XP13512)
1,800 mg/day during
Period 2
Walters RLS 95 5044 1117 37.89 1601311 Gabapentin enacarbil: the dose Identical placebo Post-sleep questionnaire; RCT; 2
etal. (35) was 600 mg/day for Group 1 and adverse effects
1,200 mg/day (once a day at 5:00
p.m,) for Group 2
Backonia  Postheretic 102 64471247 4554 327411  Gabapentn enacarbi 1200mgtwice Identical placebo Mean sleep interference  RCT; 2
etal.(16)  newalga dally ‘scorer: adverse effects
Sang Postherpetic 450 65.61 +12.22 37.39 168x1.17 Gastroretentive gabapentin: 1,800 mg/  Identical placebo Mean sleep interference RCT; 11
etal. (32) neuralgia day score”; adverse effects
Sandercock  Diabetic neuralgia 147 58.68+8.24 5510 1014872  Gastroretentive gabapentin: 3,000mg  Identical piacebo Mean seep interference  ACT, 4
et al. (31) at night for Group 1 and 1,200 mg in ‘score”; adverse effects
the morning and 1,800 mg at night for
Group 2
Bogan RLS 190 51.45+11.90 59.07 14.01+14.13  Gabapentin enacarbil: 1,200 mgonce ~ Gabapentin enacarbi  Post-sleep questionnaire RCT; 12 (excluding
etal. (17) dally atadoseof600mg (23 medical Outcomes  the open-label period)
and one tablet of Study Sieep Scale; kiogram
placebo during the first effects
2 weeks, two placebo
tablets from the third
week
Yurcheshen  Hot flashes in 50 52851334 0 417£377  Gabapentin: 300 mg three times dally  Identical placebo Pittsburgh Sieep Qualty  RCT; 12
etal. (37)  menopause Index giobal score (44);
adverse effects

RCT, randomized controlled trial; RLS, restiess legs synarome: NR, not reported

‘Results are shown as the mean = SD.

‘Results are shown as the median (inferquartie ranges)
“The range is 0-10, with 0 = no sleep nterference and 10 = worst possible sleep interference.
‘Results are shown as the mean (range).
“The range Iis 0-100, with 0 = no sleep interference and 100 = worst possible sleep interference.
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size (%) duration
tears)”
Anton Aconol 100 44822953 8245 NR Gabapentin combined with naltrexcne  Identical placsbo  Insomnia slesp index (42),  RCT; 6
etal (1) dependence (50 mg/day}; gabapentin: the intial Epworth Sieepiness Scale
Gose was 300 mg prir 10 bedtime, (43): acverse effects
increased 1o 1,200 mg/day at ight
from the fth day
Brower  Alconol 21 46@0860Y 5238 NR Gabapentin: the nfal oral dose was dentical placsbo.  Sleep problems RCT:6
tal.(41)  dependence 44 (4164 300 mg 46 min before bedtims, questionnaie; Siesp
increased o 1,500 mg/day at bediime diares; Poysomnography
within 10 days parameters; adverss efects
Han Homan 25 46759/ 80 076(medan) Gabapentin: e dose wasadiusted  Malching placebo  Mean skeep nterfersnce  RCT. 4
oal. 1) immunodeficiency 44 (35-61F every 4 days unt I reached 1,200 mg/ score’; adverse effects
vius-associated day after more than 2 weeks
sensory
neuopatries
Rowbatham  Postherpetc 29 734090/ 5244 239 (medan) ldentical placebo  Mean seep interfersnce  RCT 8
ctal. (0 neuaga 74 (@9-89) 300 mg, ncreased 10.3,600 my/day score’; adverse effects
at nght from the fourth week
Rice Postherpetic 33 763610087 4132 219 (medan) Gabapenin: the inial dose was Identical pacebo  Mean seep nterference  RCT: 7.
oal. 29 neualga 749289-94.87 300 mg/day, increased 10 1,800 or scorer; adverse effects
2,400 mg/day within 2 weeks
Gaca:  RLS “ N NRNR Gabapentin: the dosewas ity ldentical placsbo  Pitisburgh seep quaity  RCT: 6 (exciuding the
Borreguero 600 mg/day and was adjusted every index global score ‘washout period and
otal. (16) 2 wesks to a maximum dose of (44); polysomnography  crossover period)
2,400 mg/day (1200 hours and parameters; adverse efects
2000 hours)
Gordh Newopaticpan 120 NR MR 205 Gabapentin: he infial dose was ldentical pacebo  Mean seep interference AT, § (exciuding the
atal. (19) 300 mg/day, increased 10 2,400 mg/ score’; adverse effects washout period and
day from the thid week ‘rossover period)
Lal ALs 217 480x1270 6406 1339+1368 Gabapenin enacarbi: the il dose  Identical placebo  Post-sleep questiomnare;  RCT 12
etal. 25) was 600 mg/day, increased 10 1,200, t0krabilty assessments
1,800, or 2,400 mg/day withn 9 days
Meson  Acohol 180 44531101 5667 14432985  Gabapentn: the ntial dose was ldenticalpacebo  Pitisburgh seepauaity  ACT: 12
etal.27)  dopendence 300 mg/day, increased to 900 or index global score (44);
1,800 mg/day within 6 days acverse efects
Bone Prantomimbpan 19 56251175 7895 1.5(medan)  Thefrstphase was gabapentn eatment 6 weeks Of placebo  Mean sleep interference.  RCT plus crossover:
etal. (40) (12 wesks):the nia doss was 00mg/  reatment and score’; adverse effects 18
day, gracualyinceased 102.400mg/ 12 weeks of
day;the second phase was placebo.  gabapenin treatment

reatment (6 wesks), wih 1 week of
washout between the two phases.
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‘Compared with the placebo group, the gabapentin group.
showed significant improvement n Sleep qualty (P < 0.001),
next-day functioning (P < 0.001), number of ighttime
‘awakenings caused by RLS symptoms (P = 0.043), and
number of hours awake due to RLS symptoms (P = 0.019)
after 12 weeks of treatment; the gabapentin group had
asignificantly prolonged total sieep time after 2 weeks

of treatment (P = 0.003), but there was no statistically
significant ifference between the two groups after 12 weeks
of reatment (P = 0.187)

Compared with the placebo group, the patients who
received the treatment at a dose of 600 mg had a
significanty shortened average daily wake time after sieep
onset at all studied time points (P < 0.05) with no increase in
ther total seep time (P> 0.05)

‘Compared with the piacebo group, the gabapentin group.
showed a significantl improved mean sleep intererence
score (P < 0.05)

‘Compared with the piacebo group, the gabapentin group.
showed a sigrificant improvement in al sleep indices.

(an excelent overall quaity of sleep, an excellent abity

o function, fewer nights with RLS symptoms, fewer
‘awakenings during the night, O or less than 1 h awake per
night because of RLS symptoms)

‘Compared with the piacebo group, the gabapentin group.
(1,800 mg) had a significantly improved Pittsburgh Slesp
Quaity Index totalscore (P < 0.001)

‘Compared with the placebo group, the gabapentin group.
(1,800 and 2,400 mg) had a significantly improved mean
sieep interference score (P < 0.01)

Interms of the mean sleep interference score, nether

the gabapentin group nor the placebo group showed a
statitioaly signficant diference (P > 0.05)

Compared with before treatment, the gabapentin group and
the placebo group showed improvement in the subjective:
indices (Sleep Problems Questionnaire, sleep diaries) and the
objective indices (polysomnography parameters: sieep onset
fatency, sleep efficiency, wake time after sleep onset, total
sieep time, percentage of sieep spent n Stage 1, percentage
of sieep spent n Stage 2, percentage of slow-wave sleep,
and percentage of rapid eye movement sieep), but there was
o statistically significant diference between the two groups
P> 0.05)
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Outcomes llustrative comparative risks* (95% CI) Relative effect  No of part Quality of the
(95% CI) (studies) evidence [Grading of
Assumedrisk  Corresponding risk Recommondations
: Assessment, Development
Placebo Gabapentin and Evaluation (GRADE)]
Composite Endpoint The mean Composite Endpoint 1 in the 2797 (5studies)  @@@OMOderate”
1 follow-up: mean intervention groups was 0.53 SDs higher
0.67 weeks (0.41-0.66 higher)
Composite Endpoint The mean Composite Endpoint 2 i the 5841 (13studies)  ©@OOloW*
2 follow-up: mean intervention groups was 0.45 SDs lower
10.28 weeks (0.61-0.3 lower)
Composite Endpoint The mean Composite Endpoint 4 i the 1501 (7 studes)  @@OBlow”
4 follow-up: mean intervention groups was 0.53 SD lower
8.00 weeks (0.69-0.36 lower)
Composite Endpoint  Study popuiation AR17(124-258)  2910(@studes)  @@OOlow:
5 follow-up: mean 309 per 1,000 526 per 1,000 (383-798)
10.97 weeks Moderate
Composite Endpoint  Study popuiation AR0.48(082-072)  2910(@studes)  @@®OModerate”
6 folow-up: mean  122per 1,000 59 per 1,000 (39-88)
10.97 weeks Moderate
Composite Endpoint  Study popuiation AR138(1.08-176) 4,007 20studies)  @@®Emoderate”
7iolow-up:mean  54per1,000 74 per 1,000 (68-94)
11.60 weeks Moderate

"The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk

(and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CJ).

Cl, confidence interval; AR, risk rati.
GRADE Working Group grades of evidence.

High qualiy: further research is very unlikely to change our confidence in the estimate of effect.

Moderate qualty: further research is ikely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quallty: we are very uncertain about the estimate.

"The differences exist among the trial's objects.
“The variation in point estimates among different trials was relatively large, and the heterogeneity
B it it e B T o U P i LA





OPS/images/cover.jpg
? frontiers
in Neurology

Efficacy and Tolerability of
Gabapentin in Adults with Sleep
Disturbance in Medical Iliness: A

Systematic Review and Meta-
analysis





OPS/images/fneur-08-00316-g001.jpg
98 papers identified by search strategy

| 39 paper excluded based on abstract

v

59 papers selected for full-text reading

33 papers excluded
24 irrelevant papers
1 trials using pregabalin for treatment
4 trials using non-placebos as control drugs

2 trials with a treatment duration less than seven days

1 repeated records

1 trials using the combined treatment of gabapentin and
oxycodone

26 papers included in final analysis






OPS/images/fneur-08-00316-g002.jpg
Trials. Year

Composite Endpaint |

Kushida et al(a) 2009
Kushida et al(b) 2009
Leeetal 201
Winkelman et al 201
Yurcheshen et al 2009

Subtotal (I-squared = 84.

Composite Endpoint 2

Backonja etal 2011
Gordh etal 2008
Irving etal 2009
Kushida et al(a) 2009
Kushida et al(b) 2009
Lee etal 2011
Pinkerton etal 2014
Rowbotham et al 1998
Sandercock etal 2012
Sang etal 2013
Wallace et al 2010 —4—
Winkelman et al 2011
Yurcheshen et al 2009

Sublotal (I-squared = 93.9%

Composite Endpoint 3

Anton etal 2011
Garcia-Borregueroetal 2002
Vietaetal 2006
Walters etal 2009

Subtotal (I-squared = 0.0%, p = 0.895)

Composite Endpoint 4

Amold etal 2007
Backonja etal 1998
Garcia-Borregueroetal 2002
Gordh etal 2008
Rowbotham et al 1998
Vietaetal 2006
Walters et al 2009

Subtotal (I-squared = 68.6%, p = 0.004)
NOTE: Weights are from random effects analysis

PR
—_—

-

——
-
-

—_—

i

=

SMD (95% CI)

032(0.13,051)
045(0.17,072)
034(0.19,048)
035(023,046)
139(099,179)
050(028,071)

~074(-1.15,-034)
028 (-067,012)

044 (-0.77,-0.10)
039 (-054,-0.23)
~039(-061,-0.18)
~030(-045,-0.16)
~024(-043,-0.04)
0,63 (-0.90,-0.37)
037 (-071,-0.03)
~0.60(-0.79,-041)
213(-239,-1.87)
~028(-037,-0.19)
006 (-0.7,046)

053 (-077,-0.30)

.33, 046)
14, 0.46)
~0.03(-043,036)
0.09(-0.10,028)
0.09(-0.05,022)

071 (-1.08,-034)
081 (-1.13,-049)
~0.11(-032,0.10)
~0.14(-0.54,025)
043 (-0.70,0.17)
~032(-0.77,0.14)
024 (-043,-0.05)
038 (-0.58,0.19)

39

239





OPS/images/logo.jpg
Ghesk for

i@





