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Abstract

Purpose—The objective of this meta-analysis was to systematically evaluate the efficacy of 

pramipexole for the treatment of primary moderate to severe RLS.

Methods—Databases of PubMed, OVID, ScienceDirect, SpringerLink, Thomson Reuters Web of 

Science, the Cochrane Library, the Wiley Online Library, ArticleFirst, CALIS, Study, CNKI, and 

WanFang were searched to identify randomized controlled trials (RCTs) investigating pramipexole 

for the treatment of primary moderate to severe RLS. A meta-analysis was then conducted to pool 

results.

Findings—Twelve RCTs involving 3286 participants were included in this study. The average 

treatment duration was 11.12 (±5.72) weeks/person. The meta-analysis demonstrated that the post-

treatment change in the International Restless Leg Syndrome Study Group Rating Scale (IRLS) 

score of pramipexole group was significantly superior to that of placebo group (weighted mean 

difference (WMD)=-4.64, 95% confidence intervals (CI) −5.95 to −3.33, n=8). More patients in 

pramipexole group showed at least a 50% reduction in the IRLS score after treatment (risk ratio 

[RR]) =1.57, 95% CI 1.43 to 1.73, n=8). In terms of the scores for the Clinical Global Impression 

of Improvement scale (CGI-I; RR=1.48, 95% CI 1.31 to 1.66, n=11) and the Patient Global 

Impression scale (PGI; RR=1.54, 95% CI 1.31 to 1.81, n=9), pramipexole group’s treatment 
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outcomes were significantly superior to those of placebo group. In terms of the change in quality 

of life (WMD=5.39, 95% CI 2.28 to 8.50, n=4), change in daytime tiredness (WMD=-0.61, 95% 

CI −1.21 to −0.01, n=4), change in the number of periodic limb movements per hour of sleep 

(WMD=-35.95, 95% CI −56.42 to −15.48, n=3) and change in the quality of sleep (WMD=3.60, 

95% CI 1.69 to 5.50, n=6), the treatment outcomes of pramipexole group were significantly 

superior to those of placebo group.

Implications—This meta-analysis study indicated that pramipexole could effectively improve 

the symptoms of primary moderate to severe RLS patients, although the quality of evidence was 

relatively low. Future clinical trials focusing on the medium-term and long-term treatment 

outcomes and using mainly objective indicators for evaluation are warranted. It is also necessary to 

pay close attention to augmentation during medication.
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INTRODUCTION

Primary restless legs syndrome (RLS) is a common sensorimotor disorder characterized by 

an irresistible urge to move one’s extremities to stop uncomfortable or odd sensations. It 

commonly affects the lower extremities. The symptom is more severe at rest or at night and 

can be temporarily relieved by moving the affected extremities. This disorder often 

interrupts patients’ sleep, thus affecting their quality of life.1–3 The prevalence rate of RLS 

in the normal adult population is approximately 3.9%-15%,4,5 and the prevalence increases 

with age.6 Approximately one-third of patients require treatment with medication,6 which 

leads to a heavy burden in their daily and social life.3 At present, the exact pathophysiology 

of primary RLS remains unclear.7 The results of animal models of RLS and biochemical, 

postmortem, and imaging studies in patients with the disease suggest that disruptions in 

brain iron trafficking lead to disturbances in striatal dopamine neurotransmission for at least 

some patients with RLS 7. Previous studies have shown that L-dopa can relieve the 

symptoms by 50% in approximately 90% of patients.8

In recent years, dopamine agonists have become the first-line drug for RLS treatment.9–11 

However, this treatment does not achieve satisfactory efficacy in some patients.12,13 In 

addition, it is difficult to maintain the long-term effectiveness of this treatment, and 

sometimes it even leads to augmentation and/or rebound.10,14 Although several previous 

systematic reviews and meta-analyses have demonstrated that dopamine agonists, e.g., 

pramipexole and ropinirole, could relieve RLS symptoms and improve sleep15 and quality of 

life,6,16–19 selecting a suitable dopamine agonist for a given patient is challenging because 

one individual can only use one type of dopamine agonist at a time, e.g., pramipexole. At 

present, a full evaluation of the treatment efficacy of pramipexole is lacking because of the 

small sample size, limited number of events, and insufficient statistics for certain endpoints 

in the available trials of pramipexole.20–31 In addition, the results from different clinical 

trials are not completely consistent.20–31 To date, only one systematic review has specifically 

evaluated the efficacy of pramipexole;32 however, this review included only six trials22–26,29 

and evaluated only two endpoints, and the quality of evidence was not classified according 
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to the Grading of Recommendations Assessment, Development and Evaluation (GRADE). 

Moreover, two relevant clinical trials were published at the beginning of 2014.30,31 

Therefore, a re-evaluation of the efficacy of pramipexole is of great significance.

METHODS

This systematic review and meta-analysis were performed according to the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses statement (PRISMA).33 There 

are no ethical issues involved in our study because our data were based on published studies.

Search Strategies

We searched databases of PubMed, OVID, ScienceDirect, SpringerLink, Thomson Reuters 

Web of Science, the Cochrane Library, the Wiley Online Library, ArticleFirst, CALIS, 

Study, CNKI, and WanFang. The search term for PubMed was “Search (random*) AND 

((((restless leg* syndrome) OR Ekbom* syndrome)) AND (pramipexole OR mirapex OR 

sifrol OR mirapexin))”. Each database was searched from its inception date to June 17, 

2014. No language restrictions were applied. In addition, we manually screened the 

reference lists of included trials and newly published reviews. We also screened the Clinical 

Trial Results web page on Boehringer Ingelheim’s website.34

Trial Selection

The inclusion criteria were as follows: (1) Participants: all included patients were older than 

18 years and were diagnosed with RLS according to the International Restless Legs 

Syndrome Study Group diagnostic criteria35 or to the clinical version of the Hopkins 

telephone diagnostic interview,36 with a score of at least 15 on the International Restless Leg 

Syndrome Study Group Rating Scale (IRLS).37 The participants discontinued their RLS 

medications at least 2 weeks before starting the study medications. Pregnant women, 

substance abusers, and individuals with serious liver or kidney disease, severe insomnia, 

malignant tumors, Parkinson’s disease, or peripheral neuropathy were excluded. (2) 

Intervention: the trials used pramipexole in pramipexole group and placebo in placebo 

group, and all drugs were orally administered for at least seven days. No other drugs for 

RLS were jointly used. (3) Endpoints: the evaluated endpoints included IRLS score, Clinical 

Global Impression of Improvement scale (CGI-I),38 Patient Global Impression scale 

(PGI),38 quality of life and sleep quality. (4) Study type: randomized double-blinded 

controlled trials were included. We excluded duplicates literatures.

Endpoint Definitions

The IRLS was established by the International RLS Study Group. This scale contains 10 

items and is used to rate the severity of RLS symptoms in the past week. Each item is scored 

on a range from 0 to 4, with higher numbers indicating greater severity. The highest possible 

score is 40. The higher scores indicate more severe symptoms.37 In the present study, we 

used post-treatment changes in the IRLS score to evaluate symptom changes, and we used 

the responder rates for the IRLS score to determine the proportion of patients whose IRLS 

scores were reduced by at least 50% after treatment. Based on a post-treatment global 

impression classification of RLS patients (very much improved/better, much improved/
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better, slightly improved, no change, slightly deteriorated, deteriorated and considerably 

deteriorated) proposed by the National Institute of Mental Health (NIMH),38 we used the 

responder rates for the CGI-I to investigate the proportion of patients whose symptoms were 

“very much improved” or “much improved” and used the responder rates for the PGI to 

investigate the proportion of patients whose symptoms were “very much better” or “much 

better”.

Augmentation was defined as symptomatic worsening of RLS, manifested with earlier onset 

of symptoms at afternoon or evening, rapid onset or shorter latent of symptoms at rest, 

severe symptoms, progression of RLS symptoms to other body parts (such as the upper 

extremities and body trunk, even face), and/or shortened effective duration of 

medication.39,40

Data Extraction

Using a unified form, two investigators independently extracted the data and created the data 

spreadsheet. Data accuracy was confirmed by these two investigators together, and 

discrepancies were resolved via discussion among all researchers participating in this study 

until a consensus was reached.

The extracted data mainly included the responder rates for the IRLS score, the responder 

rates for the CGI-I, the responder rates for the PGI, the change in the IRLS score, the change 

in quality of life, the quality of sleep, the change in the quality of sleep, the change in 

daytime tiredness, the change in periodic limb movements per hour of sleep, and the number 

of occurrences/rate of augmentation. To determine the post-treatment change from the 

baseline means, all of the increased data were presented as positive numbers, and all of the 

decreased data were presented as negative numbers on the data spreadsheet. All of the data 

were extracted based on an intention-to-treat analysis (ITT), and a portion of the data were 

also extracted based on the last observation carried forward (LOCF). In this study, we also 

included some of the data from the study by Scholz et al.6, in addition to the data extracted 

from original literature and the results reported on the Clinical Trial Results web page of 

Boehringer Ingelheim’s website.34

Publication Bias Evaluation and Data Quality Grading

Two investigators evaluated the publication bias of all included trials according to the 

Cochrane Collaboration’s tool for assessing bias (Reviewer’s Handbook41) and graded the 

evidence quality of all endpoints based on the GRADE profile version 3.6 provided by the 

GRADE study group. The risk of bias for certain studies was adopted from the study by 

Scholz et al.6

Statistical Analysis

The risk ratio (RR) was used to investigate the responder rates for the IRLS score, the 

responder rates for the CGI-I, the responder rates for the PGI, and augmentation. An RR 

higher than 1 indicated that pramipexole group’s response was superior to that of placebo 

group. The weighted mean difference (WMD) was used to evaluate continuous variables, 

including end-of-treatment data and changes from baseline means, which were expressed 
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using the same measurement units. For the change in the IRLS scores, the change in daytime 

tiredness, and the change in periodic limb movements per hour of sleep, a negative WMD 

indicated that pramipexole group’s response was superior to that of placebo group. For the 

quality of sleep, the change in quality of life, and the change in the quality of sleep, a 

positive WMD indicated that pramipexole group’s response was superior to that of placebo 

group.

Prior to the meta-analysis of each item, Chi-square tests were performed to test inter-trial 

heterogeneity; p≥0.10 and I2≤40% indicated the absence of significant heterogeneity, and a 

fixed-effects model was applied; otherwise, a random-effects model was applied for 

analysis. For pooling data, the Mantel-Haenszel method was applied for binary variables, 

and the Inverse-Variance method was applied for continuous variables. The sensitivity and 

publication bias of each endpoint with statistical significance were evaluated. Sensitivity was 

analyzed by removing each trial one at a time, and publication bias was detected using an 

Egger test42. Chi square tests were applied to compare the rate of loss to follow-up and the 

proportion of female patients in pramipexole group versus placebo group from the same 

trial. 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

A total of 576 records were identified through database search, after we excluded two 

studies that used a self-control method before and after treatment,43,44 two trials that did not 

include a washout period prior to the treatment,45,46 one trial that used healthy volunteers as 

controls,47 one trial that had a treatment duration less than seven days,48 and nine repeated 

records,49–57 twelve trials were ultimately included in our study.20–31

All of the included trials were double-blinded randomized placebo-controlled trials, which 

included a total of 3286 participants who underwent an intention-to-treat analysis. Among 

the included trials, ten20,22–30 were parallel controlled, and two21,31 were cross-controlled. 

Eleven of the trials21–31 were published in peer-reviewed journals; the remaining trial20 was 

published at the Clinical Trial Results web page on Boehringer Ingelheim’s website.34 

Eleven of the trials employed the international RLS diagnostic criteria,20–29,31 and the other 

adopted the clinical version of the Hopkins telephone diagnostic interview.30

The available data demonstrated that ten of the trials involved patients who had moderate to 

severe symptoms or an IRLS score ≥15.22–31 The trial by Montplaisir et al.21 reported that 

the RLS symptoms interrupted sleep more than three times per week. Participants were 

treated for three weeks in one trial,22 six to eight weeks in five trials,20,21,24,26,29 twelve 

weeks in five trials,23,25,28,30,31 and twenty-six weeks in one trial,27 yielding an average 

treatment duration of 11.12 (±5.72) (mean ± SD) weeks/person (median: 12 weeks/person). 

In all of the included trials, drugs were administered 2–3 h before sleep every day, with the 

minimal dose of 0.125 mg/day and the maximal dose of 1.5 mg/day. All of the trials were 
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supported by pharmaceutical companies, including nine20,22–29 supported by Boehringer 

Ingelheim Co., two30,31 by Pfizer, and one21 by Pharmacia and Upjohn.

The rates of loss to follow-up (i.e. the proportion of participants who took the experimental 

drug at least once but never completed an effective endpoint assessment) in the included 

trials ranged from 0% to 9.76%, with an average rate of 2.62% (86/3286). With the 

exceptions of the trials by Inoue et al.26 (9.76%; 0% in pramipexole group and 19.05% in 

placebo group, p=0.040) and Ma et al.29 (6.23%; 3.96% in pramipexole group and 10.68% 

in placebo group, p=0.022), there was no statistically significant difference in the rate of loss 

to follow-up between the two groups (p>0.05). The LOCF method was employed for 

incomplete outcome data in three trials,23,26,28 and polysomnogram (PSG) was used in four 

trials.21,22,26,31

All of the included trials were multicenter trials; five were completed in Europe and North 

American,21,23,27,30,31 four in Europe,22,24,25,28 one in China,29 and one in Japan.26 Except 

for the trials by Ma et al.29 (p=0.048) and Oertel et al.24 (p=0.001), in which the females 

accounted for a significantly greater proportion in placebo group than that in pramipexole 

group, and the trial by Montagna et al.,28 in which the proportion of female participants in 

placebo group was slightly higher than that in pramipexole group (p=0.053), the baseline 

characteristics of all other included trials were comparable between the two groups 

(p>0.05).20–31 The screening process is presented in Figure 1, and the main characteristics 

of the 12 included trials are presented in Table 1.

Risk of Bias

We adopted the risk of bias evaluation results for nine trials20–28 reported by Scholz et al.6 

Except for BI248.61620 and the trial by Inoue et al.,26 in which the risk of “random 

sequences generation (selection bias)” was unclear, all other included trials had low risks of 

bias (Supplementary Materials: Figure S1 and Figure S2).

GRADE

The GRADE rating revealed that no endpoints had high-quality evidence, two endpoints had 

medium-quality evidence, six had low-quality evidence, and one had extremely low-quality 

evidence (Table 2).

Change in the IRLS

The meta-analysis of eight trials20,22–25,27–29 demonstrated that the post-treatment change in 

the IRLS score of pramipexole group was significantly superior to that of placebo group 

(WMD=-4.64, 95% CI −5.95 to −3.33). The intragroup heterogeneity test yielded results of 

I2=70.4% and p=0.001 (Figure 2).

Responder rates for the IRLS score

The meta-analysis of eight trials22–29 revealed that compared with placebo group, 

pramipexole group had a significantly higher proportion of patients whose IRLS score 
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decreased by at least 50% after treatment (RR=1.57, 95% CI 1.43 to 1.73). The intragroup 

heterogeneity test yielded results of I2=0 and p=0.514 (Figure 3).

Responder rates for the CGI-I

The meta-analysis of 11 trials20,22–31 showed that compared with placebo group, 

pramipexole group had a significantly higher proportion of patients whose symptoms were 

“very much improved” or “much improved” after treatment according to doctors (RR=1.48, 

95% CI 1.31 to 1.66). The intragroup heterogeneity test yielded results of I2=62.0% and 

p=0.003 (Figure 3); after the removal of BI248.616,20 the intragroup heterogeneity test 

yielded results of I2=36.2% and p=0.118.

Responder rates for the PGI

The meta-analysis of nine trials20,22–29 showed that compared with placebo group, 

pramipexole group had a significantly higher proportion of patients whose symptoms were 

“very much better” or “much better” after treatment, as perceived by patients themselves 

(RR=1.54, 95% CI 1.31 to 1.81). The intragroup heterogeneity test yielded results of 

I2=71.1% and p=0.001 (Figure 3); after the removal of BI248.616,20 the intragroup 

heterogeneity test yielded results of I2=26.5% and p=0.217.

Quality of life

The results reported in the trials by Ferini-Strambi et al.25 and Montagna et al.28 

demonstrated that compared with placebo group, pramipexole group showed significantly 

decreased in the RLS-QOL score after treatment (p=0.01; p<0.001). However, in one trial,27 

the improvement in the RLS-QOL score did not differ significantly between the two groups 

after treatment (p=0.591). The results reported in the trial by Partinen et al.22 demonstrated 

that other than the social function score (a subscale), which was higher in pramipexole group 

than in placebo group, all of the other scores related to life quality (SF-36) did not show a 

statistically significant difference between the two groups after treatment (p>0.05). Only the 

trial by Allen et al.30 reported scores for the quality of life; thus, the data were insufficient 

for pooling. The meta-analysis of four trials23,25,27,28 revealed that in terms of the change in 

quality of life, the treatment outcome of pramipexole group was superior to that of placebo 

group (WMD=5.39, 95% CI 2.28 to 8.50). The intragroup heterogeneity test yielded results 

of I2=67.7% and p=0.026 (Figure 4); after the trial by Hogl et al.27 was removed, the results 

were I2=14.0% and p=0.313.

Quality of sleep

The meta-analysis of two trials30,31 indicated that the current evidence was insufficient to 

prove that the improvement of sleep quality was greater in pramipexole group compared 

with placebo group (WMD=0.51, 95% CI −0.03 to 1.06; Figure 4). The trial by Montplaisir 

et al.21 revealed that compared with placebo group, pramipexole group experienced a 98% 

decrease in periodic limb movement in sleep index, and the number of periodic limb 

movements, the number of sleep interruptions related to periodic limb movement, and the 

number of periodic waking at night all significantly decreased (all p<0.01).
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The meta-analysis of four trials24,25,27,28 showed that regarding the change in daytime 

tiredness, pramipexole group had a superior treatment outcome compared with placebo 

group (WMD=-0.61, 95% CI −1.21 to −0.01); the intragroup heterogeneity test yielded 

results of I2=73.3% and p=0.010 (Figure 2). The result obtained by Garcia-Borreguero et 

al.31 indicated that compared with placebo group, pramipexole group showed significantly 

improved results of periodic limb movement in sleep index (pramipexole group vs. placebo 

group (mean ± standard error): 8.0 (±2.4) vs. 37.0 (±2.5), p<0.05). The meta-analysis of 

three trials21,22,26 showed that regarding the change in periodic limb movements per hour of 

sleep, pramipexole group had a superior treatment outcome compared with placebo group 

(WMD=-35.95, 95% CI −56.42 to −15.48); the intragroup heterogeneity test yielded results 

of I2=91.3% and p<0.001 (Figure 2). The meta-analysis of six trials22–26,28 showed that in 

terms of the change in quality of sleep, pramipexole group had a superior treatment outcome 

compared with placebo group (WMD=3.60, 95% CI 1.69 to 5.50); the intragroup 

heterogeneity test yielded results of I2=87.7% and p<0.001 (Figure 4).

Augmentation

Among the included trials, two27,30 assessed the occurrence of augmentation, and one30 

evaluated the rate of augmentation in the pramipexole and pregabaline group without 

mentioning the placebo group. The analysis result of one trial27 demonstrated that the risk of 

augmentation in patients treated with pramipexole was comparable to that of the placebo 

group (pramipexole vs. placebo: RR=1.40, 95% CI, 0.62 to 3.13).

Sensitivity analysis

The sensitivity analysis indicated that for the change in daytime tiredness, after the removal 

of any one trial other than the one by Hogl et al.,27 the upper limit of the 95% CI of WMD 

was higher than zero, indicating that the results for this endpoint were affected by the other 

three trials. For the change in periodic limb movements per hour of sleep, the upper limit of 

the 95% CI of WMD was higher than zero after the removal of any one trial, indicating that 

the results for this endpoint were affected by the other trials (Supplementary 

Materials:Figure S3 and S4).

For the change in the IRLS score, the upper limit of the 95% CI of WMD was lower than 

zero after the removal of any one trial. For the change in quality of life and the change in 

quality of sleep, the lower limit of the 95% CI of WMD remained higher than zero after the 

removal of any one trial. For the responder rates for the IRLS scores, the responder rates for 

the CGI-I, and the responder rates for the PGI, the lower limit of the 95% CI of RR 

remained higher than 1 after the removal of any one trial. These results indicated that the 

results for these endpoints were robust (Supplementary Materials: Figure S5–S10).

Publication Bias

The Egger test derived a p value less than 0.05 for the change in quality of sleep, indicating 

the existence of a publication bias for this endpoint. For the other endpoints, the p values 

were all greater than 0.05, indicating the absence of evident publication bias for these 

endpoints (Table 3).
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DISCUSSION

This study demonstrated that for patients with primary moderate to severe RLS, pramipexole 

showed a higher treatment efficacy compared with placebo for eight endpoints, including the 

change in the IRLS scores, the proportion of patients whose IRLS score decreased by at 

least 50% after treatment, CGI-I, PGI, the change in quality of life, the change in daytime 

tiredness, the change in periodic limb movements during sleep and the change in quality of 

sleep.

This study has the several strengths. Firstly, the literature search was comprehensive and 

reproducible. We searched twelve major databases and screened the Clinical Trial Results 

web page on Boehringer Ingelheim’s website.34 This study included all RCTs that were 

completed.

Secondly, all of the included trials had a relatively low risk of bias. All trials were multi-

center, placebo-controlled, randomized and double-blinded international trials. Each 

participant was assigned a serial number that was randomly generated by computers at the 

pharmaceutical company and was randomly allocated based on the participant’s location and 

the proportion of study subjects recruited from that site. The researchers did not know the 

details of the randomized allocation and were not able to change the randomizing process. 

The data in each trial were managed by specific personnel to ensure the blinding of the 

participants, doctors and outcome evaluators. Therefore, these trials had low risks of bias.

Thirdly, the trial results were reliable. Except for the two trials26,29 in which the rate of loss 

to follow-up of placebo group was higher than that of pramipexole group, and the two 

trials24,29 in which the proportion of females in placebo group was higher than the 

proportion in pramipexole group, the baseline data of all other trials were completely 

comparable between the two groups. Moreover, the highest rate of loss to follow-up 

(9.76%26) among all of the included trials was far below 20%, and the average rate was only 

2.62%. Therefore, the results reported in those trials were trustworthy.

Fourthly, our conclusions were representative and generalizable. The involved participants 

were outpatients who had moderate to severe symptoms, and the participants included 

Caucasians, Asians, and black people from Europe, North America and Asia. Therefore, the 

data from these participants could effectively reflect the treatment needs of patient 

populations from the abovementioned races and areas, and consequently, our conclusions 

from the present study are extensively applicable.

It is worth noting that except for the responder rates for the IRLS score and quality of sleep, 

there were different levels of heterogeneity for the endpoints (I2 62.0% to 91.3%; Figure 2–

4). The trial by Hogl et al.27 was the major contributor to the heterogeneity of the change in 

quality of life, possibly because it used a significantly longer treatment duration compared 

with other trials. In other words, compared with a 12-week treatment, using pramipexole for 

26 consecutive weeks was not more effective for improving quality of life. The BI248.616 

trial20 was the major contributor to the heterogeneity of the responder rates for the PGI and 

the responder rates for the CGI-I, which could be attributed to its treatment regimen in 

which half of the patients in pramipexole group were treated with a fixed drug dose. In other 
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words, the administration of pramipexole at a fixed dose of 0.25 mg/day reduced the 

possibility that a portion of patients would achieve satisfactory outcomes; administering the 

drug at a dose adjusted according to the individual’s response could provide more 

satisfactory symptom improvement.

Regarding the publication bias related to the change in sleep quality22–26,28, possible 

explanations were as follows: Firstly, the patients who have poor treatment outcomes are 

more likely to be lost to follow-up. A significantly higher rate of loss to follow-up in placebo 

group compared with pramipexole group in the trial by Inoue et al.26 might contribute to the 

occurrence of bias. Secondly, all of the trials received financial support from pharmaceutical 

companies. Finally, similar to the statement of Scholz et al.,6 we cannot completely rule out 

the potential influence of other factors, such as older age, more severe symptoms, and a 

stronger response to the treatment.

Unlike the study conducted by Zhang et al.,32 the present study included a greater number of 

existing trials, rated the quality of evidence for all endpoints according to GRADE, 

performed a sensitivity analysis, conducted publication bias identification and source 

analysis of heterogeneity. In addition, this study confirmed the efficacy of pramipexole from 

various perspectives, such as the proportion of patients with an IRLS score reduction of at 

least 50% after treatment, CGI-I, PGI, and the change in quality of life. Compared with 

previous studies6,16–19, this study specifically evaluated the efficacy of pramipexole, 

included a larger number of clinical trials, involved a larger sample size, and conducted in-

depth analyses of each endpoint regarding sensitivity, publication bias, and heterogeneity 

sources. This study revealed that pramipexole could reduce the IRLS score by 4.64 points 

(pramipexole vs. placebo: WMD=-4.64, 95% CI −5.95 to −3.33), showing a smaller point 

estimated value and a slightly expanded 95% CI compared with previous studies in which 

the IRLS score was reduced by 5.74 points (dopamine agonists vs. placebo: WMD=-5.74, 

95% CI −6.74 to −4.74)17 and by 5.47 points (dopamine agonists vs. placebo: WMD=-5.47 

95% CI −6.40 to −4.54)6,19 after treatment with dopamine agonists. This result might be 

attributable to the single type of dopamine receptor agonist used (only pramipexole) and the 

smaller number of clinical trials included.

Because of the limitations of data availability of the existing trials, this study did not find a 

higher risk of augmentation among patients treated with pramipexole compared with 

patients treated with placebo. However, other studies did indicate that pramipexole could 

result in a high augmentation rate of 7.83%-47.06%30,58–62 and could even lead to 

termination of treatment in some patients.59 Therefore, during medication, particularly 

during long-term treatment, it is necessary to pay close attention to the occurrence of 

augmentation. Recent guidelines have also included similar warnings.63

Our study has several limitations which should be acknowledged. Firstly, except for one 

endpoint (the change in periodic limb movements per hour of sleep) measured under PSG 

monitoring, other endpoints were mainly subjective evolution indicators. Secondly, because 

each trial had its specific focus, not all endpoints were reported in all trials, leading to an 

insufficient statistical assessment for these different endpoints. For example, pramipexole 

did not show the anticipated advantage in terms of quality of sleep (n=2), but it showed 
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significant superiority to placebo in terms of the change in quality of sleep (n=6; Figure 4). 

In addition, the insufficiency of the relevant trials and relatively small sample size also led to 

an increased sensitivity of the change in daytime tiredness and change in periodic limb 

movements per hour of sleep. Thirdly, because of the existence of heterogeneity and the 

financial sponsorship of pharmaceutical companies, the quality of evidence based on 

GRADE was relatively low. Fourthly, the medium-term and long-term efficacy was not 

evaluated because of the short average treatment duration of only 11.12 (±5.72) weeks/

person.

It is worth emphasizing that because the pathogenesis and mechanisms of RLS remain 

unclear and because the drugs targeting the dopamine system dysfunction can only reduce 

the symptoms by 50% in approximately 90% patients,8 it is not practical to anticipate that 

the use of dopamine agonists could eliminate all symptoms of RLS. For patients who have 

severe symptoms and do not respond to first-line drugs, it may be warranted to jointly take 

multiple drugs.10,64

CONCLUSIONS

This meta-analysis demonstrated that pramipexole use could effectively improve the 

symptoms of primary moderate to severe RLS patients, Due to the fact that the quality of 

evidence was relatively low, future clinical trials focusing on the medium-term and long-

term outcomes and using mainly objective indicators for evaluation are warranted to 

replicate our findings.
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Figure 1. 
Flow diagram of the screening process
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Figure 2. 
Forest plot of the change in the IRLS score, the change in daytime tiredness and the change 

in periodic limb movements per hour of sleep

The treatment outcomes for pramipexole were superior to those for placebo. IRLS: 

International RLS Study Group Rating Scale
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Figure 3. 
Forest plot of the responder rates for the IRLS score, the responder rates for the CGI-I, and 

the responder rates for the PGI

The treatment outcomes for pramipexole were superior to those for placebo. IRLS: 

International RLS Study Group Rating Scale; CGI-I: Clinical Global Impression of 

Improvement scale; PGI: Patient Global Impression scale
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Figure 4. 
Forest plot of the change in quality of life, the quality of sleep and the change in quality of 

sleep The treatment outcomes for pramipexole were superior to those for placebo for the 

change in quality of life and the change in quality of sleep.
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Table 1

Trial Characteristics

Trials Participants (Pramipexole 
group vs.
placebo group)

Intervention (Pramipexole group) Outcomes

Allen et al.30 n=537 (excluding the 
patients treated
with pregabalin), and the 
average
age was 55.34 (±13.19) vs. 
53.5
(±13.3); males accounted for 
42.18%
vs. 38.0%; the duration of 
symptoms
was at least six months, and 
the
baseline IRLS score was 
22.25
(±5.30) vs. 22.4 (±5.6)

Pramipexole 0.25 or 0.5 mg/day (once daily);
the dose build-up phase was 2 weeks, and the
maintenance period was 10 weeks

12 weeks; IRLS score, 
responder rates on
CGI-I, quality of life with a 
questionnaire65

quality of sleep with a 
questionnaire66

BI248.61620 N=373, and the average age 
was
48.69 (±1.49) vs. 49.6 (±1) 
years;
males accounted for 29.74% 
vs.
39.39%; no indication was 
provided
for the duration of 
symptoms; the
baseline IRLS score was 25 
vs. 24.9

Pramipexole at a fixed dose of 0.25 mg/day (once 
daily)
with a treatment duration of 6
weeks for intervention group A; for
intervention group B, 0.125 mg/day (once
daily) for 1 week and 0.25 mg/day (once daily)
for 5 weeks

6 weeks; change in the IRLS; 
responder rates
for the IRLS score; responder 
rates for the
CGI-I; responder rates for the 
PGI

Ferini-Strambi et al.25 n=357, and the average age 
was 56.3
(±12.4) vs. 56.9 (±13.0) 
years; males
accounted for 27.5% vs. 
36.4%; the
duration of symptoms was 
5.36
(±9.78) vs. 5.66 (±9.89) 
year; the
baseline IRLS score was 
24.2 (±5.2)
vs. 24.6 (±5.7)

Pramipexole 0.25, 0.5, or 0.75 mg/day (once
daily); the dose build-up duration was 4 weeks,
and the maintenance period was 8 weeks

12 weeks; IRLS score; 
responder rates for the
IRLS score; responder rates 
for the CGI-I;
responder rates for the PGI; 
Medical
Outcomes Study sleep 
scale;67 the Johns
Hopkins RLS Quality of Life 
(RLS-QOL)
questionnaire score68

Garcia-Borreguero
et al.31

n=148 (excluding the 
patients treated
with pregabalin), and the 
average
age ranged from 50.3 to 57.4 
years;
males accounted for 36%, 
and the
duration of symptoms ranged 
from 2
to 11.9 years; no indication 
of the
baseline IRLS score was 
provided

Crossover trial; all participants were
randomized across 6 treatment sequences, each
comprising 3 double-blind treatment periods
with pregabalin 300 mg/day (once daily),
pramipexole 0.5 mg/day (once daily; dose
began at 0.125 mg/day), and placebo. Each
treatment period included 10 days’ dose
escalation and 19 days’ fixed-dose treatment.
Following each treatment period, the drug
dosage was tapered over 6 days

12 weeks; periodic limb 
movements during
time in bed index (PLMI); 
responder rates for
the CGI-I; quality of sleep 
score (Epworth
Sleepiness scale (ESS)); 
quality of life (the
Johns Hopkins RLS Quality 
of Life
(RLS-QOL) questionnaire 
score)

Högl et al.27 n=321, and the average age 
was 57.9
(±12.7) vs. 55.8 (±14.1) 
years; males
accounted for 38.6% vs. 
42.3%; the
duration of symptoms was 
6.0 (±9.6)
vs. 5.4 (±8.5) years, and the 
baseline

Pramipexole; the initial dose was 0.12 mg/day
(once daily), which was gradually adjusted to
an acceptable dose of 0.125, 0.25, 0.5, or 0.75
mg/day (once daily); the dose build-up
duration was 4 weeks, and the maintenance
period was 22 weeks

26 weeks; change in the 
IRLS; responder rates
for the IRLS score; responder 
rates for the
CGI-I; responder rates for the 
PGI; RLS-6
rating scales;69 the Johns 
Hopkins RLS
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group vs.
placebo group)

Intervention (Pramipexole group) Outcomes

score was 23.9 (±5.3) vs. 
23.5 (±5.4)

Quality of Life (RLS-QOL) 
questionnaire
score68

Inoue et al.26 n=37, and the average age 
was 48.7
(±16.1) vs. 62.3 (±11.9) 
years; males
accounted for 45.0% vs. 
52.4%; the
duration of symptoms was 
0.22
(±0.55) vs. 0.64 (±1.28) 
years; the
baseline IRLS score was 
23.4 (±6.4)
vs. 25.1 (±5.8)

Pramipexole; the initial dose was 0.12 mg/day
(once daily), which was gradually increased to
0.25, 0.5, or 0.75 mg/day (once daily); the
dose build-up duration was 1 week, and the
maintenance period was 5 weeks

6 weeks; IRLS score; 
responder rates for the
CGI-I; responder rates for the 
PGI; Epworth
Sleepiness Scale (ESS);70 the 
Pittsburgh Sleep
Quality Index

Ma et al.29 n=305, and the average age 
was
56.46 (±11.88) vs. 56.86 
(±11.89)
years; males accounted for 
39.6% vs.
27.7%; the duration of 
symptoms
was at least 3 months; the 
baseline
IRLS score was at least 15

Pramipexole; the initial dose was 0.125
mg/day (once daily), which was increased to
an “suitable dose” based on effectiveness and
tolerance using a titration method; the dose
build-up duration was 4 weeks, and the
maintenance period was 2 weeks

6 weeks; IRLS score; 
responder rates for the
IRLS score; responder rates 
for the CGI-I;
responder rates for the PGI; 
visual analog
scales; Epworth sleepiness 
scale (ESS);70

RLS-6 rating scales69

Montagna et al.28 N=403, and the average age 
was
55.0 (±13.8) vs. 56.1 (±12.1) 
years;
males accounted for 33.0% 
vs. 27%;
the duration of symptoms 
was 3.5
(±7.2) vs. 3.3 (±6.5) year; 
the
baseline IRLS score was 
25.9 (±5.2)
vs. 25.9 (±5.5)

Pramipexole; the initial dose was 0.125
mg/day (once daily), which was increased to
0.125, 0.25, 0.5, or 0.75 mg/day (once daily)
based on effectiveness and tolerance using a
titration method; the dose build-up duration
was 4 weeks, and the maintenance period was
8 weeks

12 weeks; IRLS score; 
responder rates for the
IRLS score; responder rates 
for the CGI-I;
responder rates for the PGI; 
RLS-6 rating
scales;69 the Johns Hopkins 
RLS Quality of
Life (RLS-QOL) 
questionnaire score;68 the
Hospital Anxiety and 
Depression
Scale-Anxiety subscale 
(HADS-A) score

Montplaisir et al.21 n=20, and the average age 
was 49.3
(±11.5) years; males 
accounted for
55.56%; the duration of 
symptoms
was at least one year; the 
baseline
IRLS score was not 
mentioned

Crossover trial; pramipexole group received
flexible up-titration of pramipexole (once
daily) from 0.375 mg to 0.75 mg to 1.5 mg in 2
weeks and maintenance for 2 weeks; placebo
group received placebo for 4 weeks; 2 week
washout between phases

8 weeks; periodic limb 
movements per hour of
sleep measured under PSG 
monitoring

Oertel et al.24 n=338, and the average age 
was 55.4
(±11.6) vs. 55.8 (±10.9) 
years; males
accounted for 35.7% vs. 
31.6%; the
duration of symptoms was 
4.95
(±9.21) vs. 9.06 (±5.63) 
years, the
baseline IRLS score was 
24.7 (±5.2)
vs. 24.9 (±5.4)

Pramipexole; the initial dose was 0.125
mg/day (once daily), which was increased to
0.25, 0.5, or 0.75 mg/day (once daily) based on
effectiveness and tolerance using a titration
method; the dose build-up duration and
maintenance period were not mentioned

6 weeks; IRLS score; 
responder rates for the
CGI-I; responder rates for the 
IRLS score;
responder rates for the PGI; 
visual analogue
scales

Partinen et al.22 n=108, and the average age 
was 56.2

Pramipexole; the initial dose was 0.125
mg/day (once daily), which was increased to a
pre-established dose of 0.125, 0.25, 0.5, or

3 weeks; IRLS score; 
responder rates for the
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Trials Participants (Pramipexole 
group vs.
placebo group)

Intervention (Pramipexole group) Outcomes

(±10.9) years; males 
accounted for
38.71% vs. 19.05%, the 
duration of
symptoms was 4.8 (±10.4) 
years, and
the baseline IRLS score was 
22.7
(±4.1) in total

0.75 mg/day (once daily) using a titration
method; the dose build-up duration was 4 days,
and the maintenance period was 17 days

PGI; responder rates for the 
CGI-I; responder
rates for the IRLS score; the 
Pittsburgh Sleep
Quality Index; sleepiness and 
sleep quality
(Epworth Sleepiness Scale 
(ESS)70); quality of
life (Short Form 36 Health 
Survey
questionnaire71); periodic 
limb movements
during time in bed index 
(PLMI)

Winkelman et al.23 n=339, and the average age 
was 51.4
(±13) years; males accounted 
for
38.19% vs. 36.47%, the 
duration of
symptoms 5.1 (±15) years, 
the
baseline IRLS score was 
23.4 (±5.1)
vs. 23.5 (±5.2)

Pramipexole; the initial dose was 0.125
mg/day (once daily), which was increased to a
pre-established dose of 0.25, 0.5 or 0.75
mg/day (once daily) based on the effectiveness
and tolerance; the dose build-up duration was 3
weeks, and the maintenance period was 9
weeks

12 weeks; IRLS score; 
responder rates for the
CGI-I; responder rates for the 
PGI; responder
rates for the IRLS score; 
daytime somnolence
(Epworth sleepiness scale 
(ESS));70 quality of
life (the Johns Hopkins RLS 
Quality of Life
(RLS-QOL) questionnaire 
score)68

RLS: Restless Legs Syndrome; IRLS: International RLS Study Group Rating Scale; CGI-I: Clinical Global Impression of Improvement scale; PGI: 
Patient Global Impression scale; MOS: Medical Outcomes Study sleep disturbance score; RLS-QOL: Johns Hopkins RLS Quality of Life Scale; 
RLS-6: RLS 6-item questionnaire; ESS: Epworth sleepiness scale

Results are shown as mean ± standard deviation.
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