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Abstract: Primary restless leg syndrome (RLS) is a common sensory-motor disorder
that is characterized by an irresistible urge to move the limbs and unpleasant sensations in
the legs, which affects 1.9%-4.6% adults. Pramipexole, a potent dopamine D, agonist,
is recommended as “effective” in the short-term and “possibly effective” in the long-term
treatment of primary RLS in the European guidelines on management of RLS. In this
meta-analysis, we summarized the efficacy and tolerability of pramipexole in treatment for
primary RLS. Results of this meta-analysis showed a favorable effect of pramipexole versus
placebo on RLS symptoms (mean change on International RLS Study Group Rating Scale
[IRLS] score: mean difference [MD] =—-5.96; 95% confidence interval [CI]: =7.79 to —4.41,
P < 0.00001) and sleep quality (pooled standard mean difference [SMD] =-0.48, 95% CI:
—0.61 to —0.35, P < 0.00001). Nausea (relative risk [RR] = 2.68, 95% CI: 1.82 to 3.95, P
< 0.001) and fatigue (RR =1.82,95% CI: 1.14 to0 2.93, P = 0.013) were the most common
adverse events, but, by and large, pramipexole was well-tolerated in patients with primary
RLS. Nevertheless, long-term studies and more evidence of head-to-head comparisons of
pramipexole with other dopamine agonists, anticonvulsants, and levodopa are needed.

Keywords: restless legs syndrome, pramipexole, meta-analysis

Background
Restless leg syndrome (RLS) is characterized by an irresistible urge to move the limbs
that is usually associated with uncomfortable sensations in the legs, like creeping,
burning, or itching, especially at night. RLS is classified into primary (idiopathic)
form and secondary form. In primary RLS no definite pathogenic factors have been
found. Secondary RLS is associated with pregnancy, uremia, iron deficiency, ane-
mia, or Parkinson’s disease.' The frequency of RLS in adults ranges between 2.2%
to 7.9%, and primary RLS accounts for 1.9%—4.6%.? Pramipexole (PPX), a potent
dopamine D, agonist, has been proven to be a first-line drug for the treatment of
movement disorders such as Parkinson’s disease and RLS worldwide. In the European
guidelines on management of RLS, pramipexole was recommended as “effective”
in the short-term and “possibly effective” in the long-term for treatment of primary
RLS (Class I evidence).? We conducted a meta-analysis in order to summarize the
efficacy and tolerability of pramipexole for the treatment of primary RLS.

We searched PUBMED, EMBASE, and the Cochrane Central Register of
Controlled Trials (CENTRAL) to identify the randomized controlled-trials (RCTs)
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without language or year of publication restrictions. Medical
subject headings (MeSH) terms and free texts consisted of
“pramipexole”, “mirapex”, “sifrol”, “restless legs syndrome”,
“restless leg syndrome”, “Ekbom syndrome”, “Ekbom’s
syndrome”, “Ekboms syndrome”, “randomized controlled
trial”, “controlled clinical trial”, “randomized”, “randomly”,

and “placebo”.

Literature selection

We conducted this study according to the Preferred
Reporting Items for Systematic reviews and Meta-Anal-
yses (PRISMA) statement.* Studies were included if they
met the following criteria: (1) they were double-blind,
randomized, placebo-controlled trials; (2) the participants
were >18 years old, fulfilled the essential diagnosis
criteria of International Restless Legs Syndrome Study
Group (IRLSSG),” with baseline scores at least 15 on
the International RLS Study Group Rating Scale (IRLS).
Conditions such as pregnancy, uremia, severe insomnia,
Parkinson’s disease, or peripheral nerve disease were
ruled out; (3) pramipexole medication use lasted for at
least 3 weeks; and (4) change in the IRLS was used as
the primary endpoint.

Search results from
PUBMED, EMBASE, CENTRAL
(n = 147)

- Duplicates
removed (n = 56)

Records screened after
removing the duplicates
(n=91)

69 records excluded:
Not randomized controlled-trials
— (n=43)

Not pramipexole intervention (n = 13)

Full-text assessed for
eligibility (n = 22)

16 articles excluded:
— | No International Restless Leg
Syndrome Study Group Rating
Scale scores presented, not
enough outcomes for meta-
analysis (n = 15);

Six studies included repeated publication (n = 1)

Figure | Flow diagram of study selection.

Table | Baseline characteristics and overview of the included studies
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Figure 2 Author’s judgment on risk of bias across all included studies.
Notes: ?, unclear risk of bias; +, low risk of bias.

Outcome measures
Effect on RLS symptoms

The IRLS is a ten item questionnaire scale to measure
disease severity of RLS over the previous week, developed
by the International RLS Study Group. Besides IRLS,
other subjective outcome assessments have been adopted
to evaluate the improvement or severity of RLS symptoms,
including a proportion of IRLS responders, clinical global
impressions-improvement (CGI-I) responders, and patient
global impressions (PGI) responders. IRLS responders

refer to patients whose IRLS total scores reduced =50%
from baseline. CGI-I scale is a clinician administrated scale
of 7 points, ranging from “very much improved” to “very
much worse”, to assess how much the patient’s illness has
improved or worsened relative to baseline. CGI-I respond-
ers are defined as patients rated “much” or “very much
improved” on the CGI-I scale. Likewise, PGI responders
are defined as participants who have “much” or “very
much” improvement in self-rated overall condition over
the preceding week.

Effect on sleep

Almost all RLS patients suffer from sleep disturbances and
sleep initiation and maintenance are the most frequently
reported problems.® As such, self-rated satisfaction of sleep
is an important factor of outcome. Effect on sleep was
rated by a variety of scales in different studies as following:
visual analog scale (VAS), medical outcome study (MOS)
sleep scale, subjective sleep quality (SSQ), Pittsburgh Sleep
Quality Index (PSQI), and RLS-6 (a six item scale to assess
the severity of RLS symptoms).

Safety and tolerability

The most common (>5%) adverse events (AEs) and with-
drawals due to AEs were included in this meta-analysis.
The most frequently reported AEs included nausea, fatigue,
headache, dizziness, somnolence, and nasopharyngitis.
Serious AEs were defined as sudden onset of sleep (SOOS),
life-threatening hazards, or death.

Data extraction

Two reviewers independently extracted data from each
study including study design, patient baseline characteristics
(age, gender, and IRLS score), efficacy outcomes (change
in IRLS score and self-rated sleep quality, number of IRLS
responders, CGI-I responders, and PGI responders) and AEs.
Discrepancies were resolved by mutual consensus.

Mean difference Mean difference

Study or subgroup Mean difference SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Winkelman et al® -43 115 18.7% —4.30 [-6.55, -2.05] —
Partinen et al® -9.86 1.72 13.8% -9.86[-13.23, -6.49] —
Oertel et al'® -66 11 19.1% -6.60 [-8.76, -4.44] —
Ma et al™ -452 115 18.7% -4.52 [-6.77, -2.27] —
Inoue et al'? -9.7 24 9.5% -9.70[-14.40, -5.00] —
Ferini-Strambi et al'' -3.8 099 20.2% -3.80 [-5.74, -1.86] —a—
Total (95% Cl) 100.0%  -5.96 [-7.76, -4.14] &
[ z= - Chiz= = - - [2=679 I + t |
Heterogeneity: Tau?=3.31; Chi?=15.23, df=5 (P=0.009); 1>=67% _'20 _1'0 0 1;3 20'

Test for overall effect: Z=6.41 (P < 0.00001)

Figure 3 Forest plot of adjusted mean change on IRLS score.

Favors [experimental] Favors [control]

Abbreviations: Cl, confidence interval; IRLS, International Restless Leg Syndrome Study Group Rating Scale; SE, standard error; IV, inverse variance; df, degree of freedom.
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PPX Placebo Std mean difference Std mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ferini-Strambietal’ -253 20 178 -16.8 20 178 37.6% -0.42[-0.63,-0.21] &
Winkelman et al® -38.4 334 253 -258 323 85 27.1% -0.38[-0.63,-0.13] =
Oertel et al®® -29.9 305 224 -12.3 304 114 31.4% -0.58[-0.81,-0.35] -
Inoue et al™ -4.3 4 20 -04 39 21 39% -0.97[-1.62,-0.32]
Total (95% Cl) 675 398 100.0% -0.48 [-0.61, —0.35] ¢

| L L )

Heterogeneity: Chi?=3.75, df=3 (P=0.29); I’=20% F T t !

Test for overall effect: Z=7.32 (P < 0.00001) F PPX F laceb.
avors avors placebo

Figure 4 Forest plot: comparison of change in self-rated quality of sleep.
Abbreviations: Cl, confidence interval; PPX, Pramipexole; SD, standard deviation; Std, standard; IV, inverse variance; df, degree of freedom.

PPX Placebo Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ferini-Strambi et al'' 106 178 71 179 30.7% 2.24[1.47,3.42] -
Partinen et al® 44 86 7 21 5.9% 2.10[0.77, 5.70] T
Winkelman et al® 156 254 35 85 21.7% 2.27[1.38, 3.75] -
Oertel et al™® 117 224 33 114 224% 2.68 [1.66, 4.35] —
Inoue et al™ 14 20 7 21 2.2%  4.67[1.25,17.44] -
Ma et al® 144 195 45 92 17.1% 2.95[1.76, 4.95] =
Total (95% ClI) 957 512 100.0% 2.51[2.00, 3.16] ¢
Total events 581 198
Heterogeneity: Chi?=1.85, df=5 (P=0.87); 1>=0% t t t 1
Test for overall effect: Z=7.91 (P < 0.00001) 0.01 0.1 1 10 100
Favors PPX Favors placebo

Figure 5 Forest plot: comparison of IRLS responder rate.
Abbreviations: Cl, confidence interval; PPX, Pramipexole; IRLS, International Restless Leg Syndrome Study Group Rating Scale; M-H, Mantel-Haenszel method; df, degree
of freedom.

PPX Placebo Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ferini-Strambi et al'! 118 178 72 179 30.6% 2.92[1.90, 4.50] —&—
Winkelman et al® 183 254 44 85 23.3% 2.40[1.45, 3.98] ——
Partinen et al® 63 86 9 21 4.9% 3.65[1.36, 9.80] I
Oertel et al™® 141 224 37 114 23.0% 3.54 [2.19, 5.69] —
Inoue et al? 16 20 1 21 2.7% 3.64 [0.91, 14.61] T
Ma et al™ 158 193 50 92  15.5% 3.79[2.19, 6.57] =
Total (95% Cl) 955 512 100.0% 3.13 [2.48, 3.95] <
Total events 679 223
Heterogeneity: Chi=2.01, df=5 (P=0.85); 2=0% t t t i
Test for overall effect: Z=9.65 (P < 0.00001) 005 02 1 5 20

Favors PPX Favors placebo

Figure 6 Forest plot: comparison of CGI-I responder rate.
Abbreviations: CGl-|, clinical global impressions — improvement; Cl, confidence interval; PPX, Pramipexole; M-H, Mantel-Haenszel method; df, degree of freedom.

PPX Placebo Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Ferini-Strambi et al'! 112 178 68 179 23.5% 2.77 [1.80, 4.25] =

Inoue et al™ 19 20 8 21 2.9% 30.88 [3.44, 277.34] —_—

Ma et al™® 133 194 40 92 21.0% 2.83[1.70, 4.73] -

Oertel et al'® 138 224 36 114 22.0% 3.48[2.16, 5.61] —

Partinen et al® 29 43 8 21 9.2% 3.37[1.13,9.99] I —

Winkelman et al® 126 254 34 85 21.4% 1.48[0.90, 2.43] T

Total (95% CI) 913 512 100.0% 2.79 [1.89, 4.12] S 4

Total events 557 194 . . .
T 1

Heterogeneity: Tau?=0.12; Chi?=11.64, df=5 (P=0.04); 1>=57%

L
T T
Test for overall effect: Z=5.17 (P < 0.00001) 0.05 02 1 5 20

Favors [experimental]  Favors [control]

Figure 7 Forest plot: comparison of PGI responder rate.
Abbreviations: Cl, confidence interval; PPX, Pramipexole; M-H, Mantel-Haenszel method; PG, patient global impressions; df, degree of freedom.
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Meta-analysis fixed-effects estimates (exponential form)
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Figure 8 Sensitivity analysis of mean change on IRLS score: results did not alter significantly when one study was removed from the analysis.
Abbreviation: IRLS, International Restless Leg Syndrome Study Group Rating Scale.
Meta-analysis fixed-effects estimates (linear form)
study omitted
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Figure 9 Sensitivity analysis of PGI responder rate.
Abbreviation: PG, patient global impressions.
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Begg's funnel plot with pseudo 95% confidence limits
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= -0.5- ®
n
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T T T
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SE of: SMD

Figure 10 Begg's test for publication bias of mean change in IRLS score.
Abbreviations: IRLS, International Restless Leg Syndrome Study Group Rating
Scale; SMD, standard mean difference; SE; standard error.

Assessment of study quality

The Cochrane Collaboration’s tool for assessing risk of bias
was used for quality assessment of included studies. The
grade assessment consists of random sequence generation,
allocation concealment, incomplete outcome data, selec-
tive outcome reporting, blinding of patients and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other biases.” Each domain was
graded into “low risk of bias”, “high risk of bias”, or “unclear
risk of bias”.

Assessment of heterogeneity

Heterogeneity between studies was assessed using Chi-
squared test and I? statistics. Fixed-effect model was used
if the heterogeneity was considered “small” or “moderate”
(I* < 0.5). Random-effect model was applied if heterogeneity
was considered “substantial” (/2 > 0.5). Subgroup analyses
based on race (Caucasian versus Asian), medication period

(=6 weeks versus >6 weeks), dose regimen (fixed dose
versus flexible dose) were performed in order to explore
sources of heterogeneity.

Sensitivity analysis was performed to test the robustness
of the results when substantial heterogeneity was detected.
Publication bias was assessed by visual inspection of Begg’s
funnel plot.

Efficacy and safety outcome
statistics

There were two continuous outcomes included in this meta-
analysis. Based on the data obtained from the studies, mean
change in IRLS score was presented as mean difference +
standard error (SE) while change in self-rated quality of sleep
was reported using mean + standard deviation (SD).

Dichotomous outcomes such as number of IRLS respond-
ers, CGI-I responders, and PGI responders were calculated
using odds ratio (OR). Safety and tolerability outcomes
including incidence of AEs and withdrawals due to AEs were
measured by relative risk (RR). Two-sided P-values less than
0.05 were considered statistically significant.

Statistics analysis was performed using Revman 5.2 soft-
ware (Cochrane, Oxford, UK, available at http://www.
cochrane.org) and Stata software, version 11.0 (StataCorp
LP, College Station, TX, USA).

Results

Of 147 citations found by initial search, six parallel RCTs
were finally included in the meta-analysis (Figure 1). The
study design and the basic characteristics are shown in Table 1.
The included studies were published between 2006 and 2012.
The participants in four studies were mostly Caucasian and in
the other two they were Asian. Trials lasted for 3 to 12 weeks

Table 2 Safety and tolerability outcomes of pramipexole compared to placebo

Winkelman et al®

Partinen et al’

Oertel et al'® Ferini-Strambi et al''

PPX PBO PPX PBO PPX PBO PPX PBO

(n=258) (n=86) (n=87) (n=22) (n=230) (n=115) (n=182) (n=187)
Nausea 49 4 13 | 22 6 32 I
Fatigue 13 4 16 5 21 5 16 4
Headache 46 15 17 7 16 7 27 24
Dizziness 25 6 - - 8 4 - -
Somnolence 26 4 - - 6 3 - -
Nasopharyngitis 17 4 6 0 10 9 13 9
Withdrawal due to AEs 29 5 | 0 6 5 17 16
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using flexible dose (0.125, 0.25, 0.5, 0.75 mg/day, four studies)
or fixed dose (0.125, 0.25, 0.5, 0.75 mg/day, two studies).

The overall bias of included studies is low (displayed in
Figure 2). Generation of random codes was not adequately
subscribed in three studies (unclear bias). No information
about how the randomized allocation was concealed is given
in three studies (unclear bias).

Efficacy outcomes

Compared to placebo, the overall mean change in the IRLS
score of PPX was significantly larger (mean difference
[MD]=-5.96;95% confidence interval [CI]: =7.79 to —4.41,
I? = 67%; P < 0.00001; Figure 3). The treatment effect
of PPX versus placebo on self-rated quality of sleep was
significantly larger with a pooled standard mean difference
(SMD) of —0.48 (95% CI: —0.61 to —0.35; I* =20%; P <
0.00001; Figure 4). Additionally, PPX therapy produced sta-
tistically higher ORs of IRLS responder rate (OR = 2.51;
95% CI:2.00 to 3.16; I?=0; P < 0.00001; Figure 5), CGI-I
responder rate (OR = 3.13; 95% CI: 2.48 to 3.95; I = 0;
P < 0.00001; Figure 6), and PGI responder rate (OR =2.80;
95% CI: 1.9 to 4.1; I* = 56%; P =0.05; Figure 7) than that
of placebo, further confirming its positive therapeutic
effect. Four studies provided available data of self-rated
quality of sleep for meta-analysis. Due to the presence of
substantial between-study heterogeneity of mean change on
IRLS score (I? = 67%) and PGI responder rate (1? = 57%),
subgroup analyses were performed. Outcomes of subgroup
analyses showed race, medication period, or dose regimen
were no source of heterogeneity because heterogeneity
was still substantial within subgroups (data not shown).
The between-study heterogeneity of efficacy outcomes
was found to be low in change in self-rated quality of

sleep (I = 20%), IRLS responder rate (/> = 0), and CGI
responder rate (/%> = 0).

Sensitivity analyses did not show any significant variation
in mean change on the IRLS score or OR of PGI responder
rate when any single study was omitted (Figures 8 and 9).
There was no obvious publication bias detected by Begg’s
funnel plot (Figure 10).

Safety outcomes

As shown in Table 2, a statistically higher incidence of nausea
(RR =2.68, 95% CI: 1.82 to 3.95, P < 0.001) and fatigue
(RR = 1.82, 95% CI: 1.14 to 2.93, P = 0.013) was found
in patients receiving PPX compared to placebo. Incidence
of other usual AEs including headache (RR = 1.15, 95%
CI: 0.85, 1.55), dizziness (RR = 1.40, 95% CI: 0.85, 2.30),
somnolence (RR = 1.45, 95% CI: 0.87, 2.41), nasopharyngi-
tis (RR =1.10, 95% CI: 0.67, 1.78), and withdrawals due to
AEs (RR =1.20, 95% CI: 0.77, 1.85) was not significantly
different between both groups.

Conclusion

Results of this meta-analysis showed a favorable effect of
PPX versus placebo on RLS symptoms and sleep quality.
Nausea and fatigue were the most common adverse events
in patients receiving PPX compared to placebo. Incidence
of headache, dizziness, somnolence, nasopharyngitis, and
withdrawals due to AEs was not significantly different
between patients receiving PPX or placebo, thus PPX was
well-tolerated in patients with primary RLS.

Discussion
All studies included in the meta-analysis were high-quality
RCTs that might minimize selection and measurement bias.

Inoue et al'? Ma et al"? Total Pooled RR I?
PPX PBO PPX PBO PPX PBO 95% CI (M-H)

(n=20) (n=21) (n=202) (n=103) (n=1123) (n=534)

5 2 23 6 144 40 2.68 (1.82, 3.95)** 0.0%
2 0 - - 68 18 1.82 (1.14, 2.93)* 41.5%
3 2 13 | 122 56 1.15 (0.85, 1.55) 14.6%
- - 28 9 6l 19 1.40 (0.85, 2.30) 0.0%
2 3 25 9 59 19 1.45 (0.87, 2.41) 0.0%
5 | - - 51 23 1.10 (0.67, 1.78) 0.0%
(0] 0 10 4 63 30 1.20 (0.77, 1.85) 0.0%
Notes: **P < 0.001; *P = 0.013.

Abbreviations: AEs, adverse events; Cl, confidence interval; M-H, Mantel-Haenszel method; PBO, placebo; PPX, pramipexole; RR, relative risk.
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When dealing with missing data, all included trials per-
formed ITT (intention-to-treat) analyses to avoid overop-
timistic estimates of the efficacy.!* But in safety analyses,
ITT principles may make it difficult to detect adverse
effects due to a dilution effect.!> Therefore, safety out-
comes might be “overoptimistic” because of the possibly
underestimated incidence of AEs. In another published
meta-analysis including four trials, nausea was found to
be the only statistically significant adverse event of PPX
compared to placebo in treatment of RLS.!'* However, our
meta-analysis showed a statistically higher incidence of
nausea and fatigue in patients receiving PPX because two
more trials were included.

By far, polysomography is the only objective way to assess
treatment efficacy on RLS, in which parameters such as peri-
odical leg movements and sleep latency can be recorded.”
However, there were only two trials conducting polysomog-
raphy,'>!® and all efficacy outcomes in the meta-analysis were
subjective. Results of these subjective rating scales are less
accurate and tend to lead to bias. To some degree, this might
be an explanation for the substantial heterogeneity of mean
change on IRLS score and PGI responder rate.

Only six published studies were included in this meta-
analysis. The power of test for funnel plot asymmetry seemed
to be lower.” Because unpublished studies were not included,
publication bias could not be completely excluded even
though no obvious evidence of such bias was detected.

It is noteworthy that all included studies had a dosage
period ranging from 3 to 12 weeks. At present, evidence for
long-term efficacy and safety of PPX on RLS is still absent.
Augmentation, the most serious side-effect of dopaminer-
gic medication, needs to be thoroughly evaluated in future
studies. Therefore, long-term studies and observations should
be carried out.

Other meta-analyses,'®!" have demonstrated that dop-
amine agonists, including cabergoline, lisuride, pergolide,
pramipexole, ropinirole, rotigotine, and sumanirole, are
effective for the treatment of primary RLS, but the overall
treatment effect is moderate. Indirect placebo comparison
showed a superior reduction in the mean IRLS score, higher
CGI-I responder rate, and significantly lower incidence
of nausea, vomiting, and dizziness for PPX compared to
ropinirole in one meta-analysis.”® Evidence of head-to-head
comparisons of PPX with other dopamine agonists, anticon-
vulsants, and levodopa is needed.
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