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A B S T R A C T

Background

Restless legs syndrome (RLS) is a common neurologic disorder that is associated with peripheral iron deficiency in a subgroup of patients.
It is unclear whether iron therapy is eHective treatment for RLS.

Objectives

To evaluate the eHicacy and safety of oral or parenteral iron for the treatment of restless legs syndrome (RLS) when compared with placebo
or other therapies.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase, PsycNFO, and CINAHL for the time period
January 1995 to September 2017. We searched reference lists for additional published studies. We searched Clinicaltrials.gov and other
clinical trial registries (September 2017) for ongoing or unpublished studies.

Selection criteria

Controlled trials comparing any formulation of iron with placebo, other medications, or no treatment, in adults diagnosed with RLS
according to expert clinical interview or explicit diagnostic criteria.

Data collection and analysis

Two review authors independently extracted data and assessed trial quality, with discussion to reach consensus in the case of any
disagreement. The primary outcome considered in this review was restlessness or unpleasant sensations, as experienced subjectively by
the patient. We combined treatment/control diHerences in the outcomes across studies using random-eHects meta-analyses. We analysed
continuous data using mean diHerences (MDs) where possible and performed standardised mean diHerence (SMD) analyses when diHerent
measurements were used across studies. We calculated risk ratios (RRs) for dichotomous data using the Mantel-Haenszel method and 95%

confidence intervals (CIs). We analysed study heterogeneity using the I2 statistic. We used standard methodological procedures expected
by Cochrane. We performed GRADE analysis using GRADEpro.

Main results

We identified and included 10 studies (428 total participants, followed for 2-16 weeks) in this review. Our primary outcome was restlessness
or uncomfortable leg sensations, which was quantified using the International Restless Legs Scale (IRLS) (range, 0 to 40) in eight trials and
a diHerent RLS symptom scale in a ninth trial. Nine studies compared iron to placebo and one study compared iron to a dopamine agonist
(pramipexole). The possibility for bias among the trials was variable. Three studies had a single element with high risk of bias, which was
lack of blinding in two and incomplete outcome data in one. All studies had at least one feature resulting in unclear risk of bias.
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Combining data from the seven trials using the IRLS to compare iron and placebo, use of iron resulted in greater improvement in IRLS

scores (MD -3.78, 95% CI -6.25 to -1.31; I2= 66%, 7 studies, 345 participants) measured 2 to 12 weeks aOer treatment. Including an eighth
study, which measured restlessness using a diHerent scale, use of iron remained beneficial compared to placebo (SMD -0.74, 95% CI -1.26

to -0.23; I2 = 80%, 8 studies, 370 participants). The GRADE assessment of certainty for this outcome was moderate.

The single study comparing iron to a dopamine agonist (pramipexole) found a similar reduction in RLS severity in the two groups (MD -0.40,
95% CI -5.93 to 5.13, 30 participants).

Assessment of secondary outcomes was limited by small numbers of trials assessing each outcome. Iron did not improve quality of life

as a dichotomous measure (RR 2.01, 95% CI 0.54 to 7.45; I2=54%, 2 studies, 39 participants), but did improve quality of life measured on

continuous scales (SMD 0.51, 95% CI 0.15 to 0.87; I2= 0%, 3 studies, 128 participants), compared to placebo. Subjective sleep quality was

no diHerent between iron and placebo groups (SMD 0.19, 95% CI -0.18 to 0.56; I2 = 9%, 3 studies, 128 participants), nor was objective sleep
quality, as measured by change in sleep eHiciency in a single study (-35.5 +/- 92.0 versus -41.4 +/- 98.2, 18 participants). Periodic limb

movements of sleep were not significantly reduced with iron compared to placebo ( SMD -0.19, 95% CI -0.70 to 0.32; I2 = 0%, 2 studies, 60
participants). Iron did not improve sleepiness compared to placebo, as measured on the Epworth Sleepiness Scale (data not provided, 1
study, 60 participants) but did improve the daytime tiredness item of the RLS-6 compared to placebo (least squares mean diHerence -1.5,
95% CI -2.5 to -0.6; 1 study, 110 participants). The GRADE rating for secondary outcomes ranged from low to very low.

Prespecified subgroup analyses showed more improvement with iron in those trials studying participants on dialysis. The use of low serum
ferritin levels as an inclusion criteria and the use or oral versus intravenous iron did not show significant subgroup diHerences.

Iron did not result in significantly more adverse events than placebo (RR 1.48, 95% CI 0.97 to 2.25; I2=45%, 6 studies, 298 participants). A
single study reported that people treated with iron therapy experienced fewer adverse events than the active comparator pramipexole.

Authors' conclusions

Iron therapy probably improves restlessness and RLS severity in comparison to placebo. Iron therapy may not increase the risk of side
eHects in comparison to placebo. We are uncertain whether iron therapy improves quality of life in comparison to placebo. Iron therapy
may make little or no diHerence to pramipexole in restlessness and RLS severity, as well as in the risk of adverse events. The eHect on
secondary outcomes such as quality of life, daytime functioning, and sleep quality, the optimal timing and formulation of administration,
and patient characteristics predicting response require additional study.

P L A I N   L A N G U A G E   S U M M A R Y

Iron for the treatment of restless legs syndrome

Background

Restless legs syndrome is a common medical condition that causes uncomfortable urges to move the legs. These urges happen in the
evening and at night and can keep people from sleeping well. Low blood levels of iron are oOen seen in people who have restless legs
syndrome. Low blood iron levels may be part of the cause of restless legs syndrome. Iron can be taken as a pill or given as an injection into
the bloodstream. We performed this review to see if iron treatment reduces the symptoms of restless legs syndrome.

Study characteristics

We included 10 studies of iron. These 10 studies included 428 people with restless legs syndrome. Not all participants had low blood
levels of iron. All participants were adults. Most of the studies used injections of iron, while three studies used iron in pill form. Iron
treatment was compared to a non-active treatment (i.e. a placebo) in nine studies. In one study, iron was compared to another restless
legs syndrome treatment called a dopamine agonist. The main measure of interest in our review was the severity of restlessness. This was
usually measured using a 10-question survey regarding severity and eHects of urges to move the legs, called the International Restless Legs
Syndrome Severity Rating Scale (IRLS). This was measured 2-4 weeks aOer injections of iron and 12-14 weeks aOer iron in pill form.

Four trials were funded by the drug manufacturer. Two trials were funded by the USA National Institutes of Health. Two trials were funded by
the workplaces of the study investigators. Two studies did not report who funded the study. The four studies funded by drug manufacturers
were the largest. The studies funded by drug companies contributed over half of the total number of participants.

Key results and quality of evidence

Overall, the studies showed that iron is better than a placebo for reducing the severity of restless legs syndrome symptoms, although
the benefit was low to moderate. This is mostly based on studies using injections of iron, rather than iron pills. Iron was helpful even if
blood iron levels were normal at the start of the study. The quality of the evidence was moderate, because not all completed studies have
been published, not all important outcomes have been measured, and not enough people have been studied. Side eHects were not more
common with iron than with placebo. Based on one study, side eHects were less common with iron than with another commonly used
restless legs syndrome treatment, although the certainty in this result is very low. More studies are needed to allow people with RLS and
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doctors to make decisions about who should take iron for restless legs syndrome treatment, using what type of iron, and for how long.
The evidence is current to September 2017.
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Summary of findings for the main comparison.   Iron compared to placebo for the treatment of restless legs syndrome

Iron compared to placebo for the treatment of restless legs syndrome

Patient or population: people with restless legs syndrome

Settings: outpatient clinics

Intervention: iron

Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes № of participants
(studies)
Follow up

Certainty of the
evidence
(GRADE)

Relative effect
(95% CI)

Placebo Difference with iron compared to
placebo

Change in IRLS severity
scale score

345
(7 RCTs)

⊕⊕⊕⊝

Moderate a
- The average reduction in IRLS

severity scores in the placebo
group ranged from 0.8 points to
12 points

The reduction in IRLS severity scores
was 3.78 points (1.31 to 6.25) lower in
the iron group than in the placebo group

Change in any measure
of restlessness

370
(8 RCTs)

⊕⊕⊕⊝

Moderate a
- The amount of restlessness in the iron group was on average 0.74 SDs (0.23

to 1.26) less than in the placebo group

Study populationQuality of life (dichoto-
mous measure)

39
(2 RCTs)

⊕⊝⊝⊝

Very low a b c

RR 2.01
(0.54 to 7.45)

450 per 1000 reported an im-
provement in quality of life

454 more per 1000
(207 fewer to 2903 more)

Change in quality of life
(continuous measure)

128
(3 RCTs)

⊕⊝⊝⊝

Very low a b c

- The improvement in quality of life in the iron group was on average 0.51
SDs (0.15 to 0.87) higher than in the placebo group

Study populationWithdrew to use other
RLS medication or be-
cause of inadequate RLS
symptom control

391
(9 RCTs)

⊕⊕⊝⊝

Low a c

RR 0.77
(0.41 to 1.47)

195 per 1000 45 fewer per 1000
(115 fewer to 92 more)

Study populationAdverse events 298
(6 RCTs)

⊕⊕⊕⊝

Moderate a
RR 1.48
(0.97 to 2.25)

260 per 1000 125 more per 1000
(8 fewer to 325 more)
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Study populationDrop out due to adverse
event

398
(9 RCTs)

⊕⊕⊝⊝

Low a c

RR 1.91
(0.50 to 7.26)

16 per 1000 14 more per 1000
(8 fewer to 98 more)

*The risk in the intervention group (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% CI).
 
CI: confidence interval; IRLS: International Restless Legs Scale; RCT: randomised controlled trial; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

a We downgraded one level for publication bias for several reasons: 1) one study completed in 2012 (NCT00685815) for which published results could not be found in the search;
2) generally small sample sizes; and 3) the majority of participants were in trials funded by pharmaceutical companies.
bWe downgraded one level for the possibility of selective outcome reporting, as this outcome was infrequently reported across studies.
cWe downgraded one level because the Optimal Information Size (OIS) calculation suggests insuHicient power for this outcome.
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B A C K G R O U N D

Description of the condition

Restless legs syndrome (RLS, also known as Willis-Ekbom Disease)
is a common neurologic condition consisting of four cardinal
features: an urge to move the legs (which is usually but not
invariably associated with unpleasant leg sensations); at least
transient relief with movement; worsening with rest; and a
predilection to occur during the evening and night. These
symptoms must not be better accounted for by another disorder
that mimics RLS (Allen 2014). The diagnosis is one of clinical
judgment, with no definitive confirmatory testing presently
available. However, the presence of periodic limb movements,
a response to dopaminergic medications, and a positive family
history can all provide supportive evidence for the diagnosis (Allen
2003). Periodic limb movements are repetitive movements of the
limb, most oOen flexion of the great toe and ankle, that occur with
a periodicity between 5 and 90 seconds. Periodic limb movements
are seen in 80% to 90% of people with RLS (Montplaisir 1997; Trotti
2009), but they are not specific to RLS (Hornyak 2006).

RLS is more common in women than in men (Berger 2004), and
the prevalence of RLS increases with age (Bliwise 2006). RLS has
a prevalence of 5% to 15% in populations of western European
descent but lower prevalence in other investigated populations,
such as subsets of Asia (0.1% to 5%) (Stefansson 2007). RLS
has long been suspected to have a genetic basis because of the
high proportion of suHerers who have a positive family history.
Familial linkage studies have identified numerous potentially
causative regions (Trotti 2008). Genome-wide association studies
have found single nucleotide polymorphisms in six diHerent genes
that confer increased risk for RLS, periodic limb movements of
sleep, or both, including BTBD9, MEIS1, MAP2K5, SKOR1, PTPRD,
and TOX3 (Schormair 2008; Stefansson 2007; Winkelmann 2007;
Winkelmann 2011). Collectively, the population attributable risk for
these variants is approximately 80% (Rye 2015).

Despite these genetic advances, the pathophysiology of RLS has
yet to be fully elaborated. What is known about the functions of
the recently implicated genes does not yet explain RLS pathology,
although both BTBD9 and MEIS1 are now known to interact with
iron and dopamine homeostasis, both implicated in RLS (Rye 2015).
From a clinical standpoint, a state of dopaminergic dysfunction
is suspected to cause RLS because people with RLS frequently
improve when given low doses of dopaminergic medications (Allen
2004). More recently, hypotheses have moved from postulating a
state of dopamine deficiency to one of dopamine dysregulation,
potentially mediated through deficiencies in central nervous
system iron (Earley 2014).

Description of the intervention

Iron therapy has been used for people with RLS, both those
with and those without documented peripheral iron deficiency.
Iron supplementation can be provided orally or intravenously,
with several formulations available for each method of delivery.
Intravenous iron provides the advantage of replenishing iron stores
more quickly than oral therapy, which can take weeks to months,
and a lower rate of gastrointestinal side eHects (Avni 2015). In
meta-analysis, intravenous iron is associated with severe infusion
reactions (with a number needed to treat for an additional harmful
outcome of 255; i.e. one severe infusion reaction is expected

to happen for every 255 participants receiving intravenous iron
compared with placebo). However, the overall risk of serious
adverse events is not increased with the use of intravenous iron
(Avni 2015).

How the intervention might work

Iron deficiency has been implicated in the pathophysiology of RLS
based on the clinical findings that people with iron deficiency
anaemia have a high frequency of RLS (32%, with clinically
significant disease in 24%; Allen 2013), and that severity of
iron deficiency correlates with the severity of RLS symptoms
(Earley 2000). Treatment with dopamine agonists is sometimes
complicated by a phenomenon known as augmentation, in which
symptoms return with earlier time of onset, greater severity, and
more extensive bodily involvement (Allen 2003); this treatment
complication appears more likely to occur in those people who
have iron deficiency (Trenkwalder 2008). Iron exhibits a circadian
pattern similar to RLS symptoms; serum iron nadirs occur between
8 pm and midnight, in line with the peak time of RLS symptom
severity (Earley 2000). Studies of iron in people with RLS have
demonstrated low cerebrospinal fluid iron levels (Earley 2000), low
iron concentrations in the substantia nigra on magnetic resonance
imaging (Allen 2004), and decreased substantia nigra iron stores
on autopsy specimens (Connor 2003). Additionally, iron has known
interactions with dopamine, acting as a cofactor for tyrosine
hydroxylase, the rate-limiting enzyme in dopamine production.
Iron deficient rodents have been shown to have altered dopamine
functioning, with increases in presynaptic dopamine, decreased
dopamine transporter functioning and dopamine clearance, and
elevated levels of extracellular dopamine in the caudate nucleus
and putamen (Earley 2000; Earley 2014; Nelson 1997).

Why it is important to do this review

Current consensus guidelines put forth by the RLS Foundation's
Medical Advisory Board recommend iron replacement therapy for
people with a low ferritin level (less than 20 micrograms per litre)
and consideration of iron therapy, on a case-by-case basis, for those
with a ferritin level below 75 micrograms per litre (Silber 2013).
However, previous meta-analyses have found insuHicient evidence
to determine whether iron is beneficial (Trotti 2012).

O B J E C T I V E S

To evaluate the eHicacy and safety of oral or parenteral iron for
the treatment of restless legs syndrome (RLS) when compared with
placebo or other therapies. The PICO question formulation was,
"In people with RLS, does iron improve RLS-related symptoms and
signs, compared to placebo or other interventions."

M E T H O D S

Criteria for considering studies for this review

Types of studies

We searched for all controlled trials investigating the treatment
of restless legs syndrome (RLS) with oral or parenteral iron versus
placebo, versus another drug, or with a no-intervention control
group. We planned to include controlled trials regardless of
whether or not they were randomised or blinded. We planned to
include parallel and cross-over trials, but not the second phase of
cross-over trials because washout periods are not universally used

Iron for the treatment of restless legs syndrome (Review)
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or may not be long enough. Trials that allowed concurrent use of
other medications, such as dopamine agonists, anticonvulsants or
others were considered suitable for inclusion if they allowed equal
access to such medications for participants in the iron and control
groups.

Types of participants

We sought trials on adult participants (18 years or over) of either
sex, in whom RLS was diagnosed according to expert clinical
interview or to explicit diagnostic criteria, such as those defined
by the International Restless Legs Syndrome Study Group (IRLSSG;
Allen 2003). We planned to include trials on pregnant women or
people with renal disease (including those with end-stage renal
disease who are on dialysis) and use these in the investigation of
study heterogeneity.

Types of interventions

Therapy with any dose or regimen of oral or parenteral iron-
containing compounds compared with placebo, other drugs, or no
intervention.

Types of outcome measures

Primary outcomes

The primary outcome considered in this review was restlessness
or unpleasant sensations, as experienced subjectively by the
participant. We did not prespecify a rating scale or other measure
of restlessness, although the majority of studies employed the
International Restless Legs Syndrome Study Group severity scale
(IRLS; Walters 2003). This 10-question, 40-point scale addresses the
severity and impact of RLS symptoms, with higher scores indicating
more severe symptoms.

Secondary outcomes

E:icacy-related outcomes

1. Quality of life measures

2. Patient satisfaction with treatment

3. PLM index (number of periodic limb movements per hour of
sleep)

4. Sleep quality (subjective and objective)

5. Daytime functioning

6. Decreased occurrence of augmentation (according to the
definition in Allen 2003)

Safety-related outcomes

1. Adverse events during treatment

2. Discontinuation rate due to adverse events

Search methods for identification of studies

Electronic searches

We searched the following databases: MEDLINE, Embase, CINAHL,
PsychINFO (all for the period January 1995 through to September
2017); and the Cochrane Central Register of Controlled Trials
(CENTRAL, in the Cochrane Library, most recently available issue at
the time of the search). The lower time period limit was set to 1995
because generally accepted diagnostic criteria did not exist until
that date (see Walters 1995).

Our MEDLINE search used the Cochrane Highly Sensitive Search
Strategy for identifying randomised trials (2008 revision) along
with MESH headings and free-text searches designed to identify
studies of iron administration and of participants with restless
legs syndrome with high sensitivity (Appendix 1). We adapted
the MEDLINE search as necessary for use in the other databases
searched.

Searching other resources

We checked the reference lists of included studies for other
potentially relevant publications in any language. We contacted
the corresponding authors of RCTs and selected members of the
International Restless Legs Syndrome Study Group to attempt
to find additional published and unpublished trials during the
initial search. We searched for unpublished, or ongoing trials, or
both, in the following registries: US National Institutes of Health
Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov),
Australia New Zealand Clinical Trials Registry (www.anzctr.org.au),
CenterWatch Clinical Trials Listing Service (https://
www.centerwatch.com/clinical-trials/listings/), Chinese Clinical
Trial Registry (http://www.chictr.org.cn/searchprojen.aspx),
EU Community Research & Development Information
Service (https://cordis.europa.eu/search/advanced_en), EU
Clinical Trials Register (https://www.clinicaltrialsregister.eu/
ctr-search/search), International Clinical Trials Registry
Platform (WHO, http://apps.who.int/trialsearch/), Hong
Kong Clinical Trials Register (http://www.hkuctr.com/
search), Clinical Trials Registry-India (http://www.ctri.nic.in/
Clinicaltrials/advancesearchmain.php), South African National
Clinical Trial Register (http://www.sanctr.gov.za/SAClinicalTrials/
tabid/169/Default.aspx), and the UK Clinical Trials Gateway(https://
ukctg.nihr.ac.uk/clinical-trials/search-for-a-clinical-trial/).

Data collection and analysis

Selection of studies

Two review authors independently used the titles and abstracts
of the identified citations to exclude publications that clearly did
not meet the inclusion criteria of the review. If either reviewer
thought that the publication might possibly meet the criteria,
the full paper was obtained for further examination. The same
two review authors then reviewed articles that passed this
initial screen to determine their fit with the review inclusion
criteria. Authorship and results were not blinded. We resolved all
types of disagreement by discussion and consensus. A PRISMA
flowchart (http://www.prisma-statement.org/PRISMAStatement/
FlowDiagram.aspx) was created to detail the inclusion/exclusion
process.

Data extraction and management

We developed a data extraction form to aid in the collection of
relevant data from included studies. As described above in Criteria
for considering studies for this review, we abstracted data on
participants, interventions, and outcomes. We also abstracted on
to this form the trial characteristics to be used in our assessment of
methodological quality. In addition, we collected data on potential
eHect modifiers, including comorbidities such as end-stage renal
disease, baseline iron status, and pregnancy. Two review authors
independently extracted and cross-checked the data; we handles
disagreements by consensus. We contacted study authors to obtain
unpublished information when necessary, including outcome data

Iron for the treatment of restless legs syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7

http://www.clinicaltrials.gov/
http://www.anzctr.org.au
https://www.centerwatch.com/clinical-trials/listings/
https://www.centerwatch.com/clinical-trials/listings/
http://www.chictr.org.cn/searchprojen.aspx
https://cordis.europa.eu/search/advanced_en
https://www.clinicaltrialsregister.eu/ctr-search/search
https://www.clinicaltrialsregister.eu/ctr-search/search
http://apps.who.int/trialsearch/
http://www.hkuctr.com/search
http://www.hkuctr.com/search
http://www.ctri.nic.in/Clinicaltrials/advancesearchmain.php
http://www.ctri.nic.in/Clinicaltrials/advancesearchmain.php
http://www.sanctr.gov.za/SAClinicalTrials/tabid/169/Default.aspx
http://www.sanctr.gov.za/SAClinicalTrials/tabid/169/Default.aspx
https://ukctg.nihr.ac.uk/clinical-trials/search-for-a-clinical-trial/
https://ukctg.nihr.ac.uk/clinical-trials/search-for-a-clinical-trial/
http://www.prisma-statement.org/PRISMAStatement/FlowDiagram.aspx
http://www.prisma-statement.org/PRISMAStatement/FlowDiagram.aspx


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

not explicitly stated in the published papers. In cases where data
were not presented as means and standard deviations (SDs),
we performed additional calculations to allow inclusion in meta-
analyses. Specifically, if only medians and interquartile ranges were
provided, we estimated means and SDs as described in Wan 2014.

Assessment of risk of bias in included studies

Two review authors assessed the methodological quality of each
trial, using the domain-based evaluation outlined in the chapter
'Assessing risk of bias in included studies' in the Cochrane
Handbook for Systematic Reviews of Interventions (see sections
8.3-8.15; Higgins 2011). We used the kappa statistic to assess
agreement among the review authors regarding quality of the
retrieved articles, resolving disagreements by discussion and
consensus. In keeping with current Cochrane Handbook guidance
(section 8.15), funding by pharmaceutical company was not
included in the risk of bias unless there was any suggestion
that study design, analysis, or conclusion was influenced by
that funding. Information about study funding is included in
Characteristics of included studies tables.

Measures of treatment e:ect

We analysed continuous data using mean diHerences (MDs) where
possible, and performed standardised mean diHerence (SMD)
analyses when diHerent measurements were used across studies.
SMD was calculated as (SMD = diHerence in mean outcome between
groups/SD of outcome among participants). We calculated risk
ratios (RRs) for dichotomous data using the Mantel-Haenszel
method and 95% confidence intervals (CIs). Where possible, we
performed intention-to-treat analyses to control attrition bias.

Unit of analysis issues

We planned to include only the first period of cross-over trials.
In studies in which multiple timepoints of outcome measurement
were used, we selected the timepoint that was most similar to
timepoints measured in other included studies.

Dealing with missing data

Missing outcome data from individual studies are discussed in the
risk of bias assessments.

Assessment of heterogeneity

We analysed study heterogeneity using the I2 statistic.

We planned to investigate the following as potential sources of
heterogeneity when suHicient data were available.

1. DiHerent formulations of oral or parenteral iron.

2. Comparator.

3. Duration of treatment.

4. Patient characteristics, including pregnancy or end-stage renal
disease.

5. Baseline levels of ferritin or other documentation of iron
deficiency.

Assessment of reporting biases

We planned to construct a funnel plot to identify possible
publication bias if we identified suHicient numbers of trials (i.e. 10
or more assessing the same outcome).

Data synthesis

We generated eHect estimates using random-eHects meta-
analyses included in Review Manager version 5.3, which uses the
DerSimonian-Laird meta-analytic method.

We considered risk of bias, inconsistency, indirectness, imprecision,
publication bias, magnitude of eHect, dose-response gradient,
and influence of plausible residual confounding to generate an
assessment of certainty, using the GRADE framework (Guyatt
2011; tools at https://gradepro.org/). Imprecision was assessed by
calculating Optimal Information Size (OIS) to evaluate if included
sample sizes were suHiciently powered for each outcome included
in the Summary of Findings table.

Subgroup analysis and investigation of heterogeneity

We prespecified subgroup analyses to examine the eHects of
diHerent types of participants (e.g. pregnant women or people with
end-stage renal disease) and diHerent formulations of iron (oral
versus parenteral).

Sensitivity analysis

We planned to conduct sensitivity analyses for high- versus low-
quality trials and for parallel group versus cross-over trial designs,
if we identified suHicient numbers of trials.

R E S U L T S

Description of studies

Results of the search

The searches yielded 1361 potentially relevant articles; 1040 aOer
removal of duplicates (see Figure 1). Of these, we excluded 1009
aOer review of title, abstract, or www.clinicaltrials.gov posting
because they did not meet the inclusion criteria. We reviewed the
full text of 31 studies. Four studies were ongoing or were completed
but had released insuHicient data to allow inclusion at the time of
this review (e.g. unpublished, no data could be obtained); these are
included in the Characteristics of ongoing studies section below.
Of the 27 remaining studies, 10 met the criteria for inclusion (Allen
2011; Cho 2016; Davis 2000; Deng 2016; Earley 2009; Grote 2009;
Lee 2014; Sloand 2004; Trenkwalder 2017; Wang 2009), for a total
of 428 participants. Nine studies used a placebo comparator and
we included them in a quantitative meta-analysis. We included the
study using pramipexole as a comparator only in the qualitative
review.
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Figure 1.   Study flow diagram.
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Included studies

All 10 included studies were randomised, parallel group trials.
For a comparison of key diHerences in study design, see Table
1. Nine compared iron to placebo and one compared iron to a
dopamine agonist (Lee 2014). Resless legs syndrome (RLS) was
defined using the 1995 International Restless Legs Syndrome Study
Group criteria (IRLSSG) in three studies (Deng 2016; Sloand 2004;
Walters 1995), the 2003 IRLSSG criteria in six studies (Allen 2003;
Allen 2011; Grote 2009; Lee 2014; Trenkwalder 2017; Wang 2009),
the Hopkins telephone diagnostic interview for RLS in three studies
(Hening 2003; Cho 2016; Earley 2009), and by clinical interview
by a neurologist in one study (Davis 2000). In this latter study,
24 of 28 participants met all four diagnostic criteria for RLS using
the 1995 criteria. Four studies included only participants with low
or low-normal iron stores, defined as: serum ferritin < 45 ng/
mL (Grote 2009); serum ferritin 15-50 ng/mL (Lee 2014); serum
ferritin 15-75 ng/mL (Wang 2009); or serum ferritin < 75 ng/mL or
the combination of serum ferritin 75-300 ng/mL and a transferrin
saturation < 20% (Trenkwalder 2017). Two studies included only
participants on dialysis (haemodialysis or peritoneal dialysis) (Deng
2016; Sloand 2004), while renal disease was an exclusion criterion
for most other studies. No study reported inclusion of pregnant
women. Three studies administered oral iron as ferrous sulfate
325 mg twice a day (Davis 2000; Lee 2014; Wang 2009). Seven
studies used intravenous iron preparations, three of which were
iron sucrose (Deng 2016; Earley 2009; Grote 2009), one of which
was iron dextran (Sloand 2004), and three of which were ferric
carboxymaltose (Allen 2011; Cho 2016; Trenkwalder 2017). In all
cases, total dosage of intravenous iron was 1000 mg, but this
was usually divided into multiple doses. Our primary endpoint of
restlessness or unpleasant sensations was evaluated in nine of the
included studies, using the IRLS in eight (Allen 2011; Cho 2016;
Deng 2016; Earley 2009; Grote 2009; Lee 2014; Trenkwalder 2017;
Wang 2009), and a scale developed at the University of Rochester
in one (Sloand 2004). The remaining study (Davis 2000), the earliest
of the included studies, assessed the eHect of treatment on sleep
and quality of life, but did not explicitly assess restlessness. Four
studies were funded by the pharmaceutical companies selling the
iron formulations tested in the studies (Allen 2011; Cho 2016; Grote
2009; Trenkwalder 2017).

In the earliest trial (Davis 2000), 28 participants were randomised
to receive either placebo or oral ferrous sulfate liquid, 325 mg
twice a day for 16 weeks, at which point participants who wished
to continue the study drug as monotherapy were followed for an
additional 10 weeks. Iron status and renal function at baseline
were not part of the inclusion or exclusion criteria. RLS symptoms
were measured with two visual analogue scales, the first which
quantified the extent to which RLS symptoms interfered with sleep
and the second which quantified how RLS symptoms aHected each
participant's life, recorded over two weeks at baseline and aOer
12 weeks. This study was supported by a grant from the National
Institutes of Health.

In the second trial (Sloand 2004), 25 participants with end-stage
renal disease on dialysis (22 on haemodialysis, 3 on peritoneal
dialysis) were randomised to receive either intravenous iron
dextran or placebo. Both interventions were given as a 15 mL test
dose (30 mg of iron dextran) over three minutes followed by one
hour of observation for adverse reactions; if no adverse reactions
were noted, the remaining 485 mL (970 mg of iron dextran)
was infused over three hours. RLS symptoms were measured at

baseline, one week, two weeks, and four weeks aOer infusion
using the University of Rochester RLS severity scale developed for
this study. This three-question scale assesses frequency of RLS
symptoms within the last two days, the amount of distress caused
by RLS symptoms, and the duration of symptoms to generate a
score from 0 to 10-point scale (with higher numbers corresponding
to increased RLS severity). The funding source for this study was not
reported.

In the Earley 2009 trial, 21 participants were randomised to receive
either intravenous iron or placebo. A prespecified interim analysis
was performed aOer 18 participants had been enrolled, at which
point the study was discontinued because of lack of eHect of
the intervention, so three of the randomised participants did not
complete the protocol. Intravenous iron was given as iron sucrose,
500 mL (containing 500 mg iron sucrose) over 10 hours, followed
by a second infusion over 12 hours the following day. The same
infusion schedule of saline was given to the placebo group. IRLS
scores were measured at baseline and approximately two weeks
following the intervention. Other outcome measures included
a global rating scale of RLS severity, periodic limb movements
during wake and sleep, changes in cerebrospinal fluid ferritin and
transferrin levels, objective sleep quality (total sleep time and sleep
eHiciency during polysomnography), and changes in iron index
within the substantia nigra on magnetic resonance imaging (MRI).
This study was funded by grants from the National Institutes of
Health.

Grote 2009 randomised 60 participants, all of whom were iron
deficient (based on a serum ferritin less than or equal to 45 ng/mL),
to receive either intravenous iron or placebo. Iron was delivered
as 200 mg of iron sucrose (10 mL of 20 mg/mL Venofer), given five
times over a three-week period. The placebo group received the
dosing schedule of 0.9% NaCl. The IRLS scale was measured at
baseline, week 3, week 7, week 11, five months, eight months, and
12 months. Serum ferritin and the Epworth Sleepiness Scale (Johns
1991) were both measured as well. This study was supported by
Renapharma (manufacturer of Venofer).

Wang 2009 randomised 18 participants with low or low-normal
ferritin levels (serum ferritin 15-75 ng/mL) to receive either oral iron
(ferrous sulfate 325 mg bid) or matched placebo for 12 weeks. IRLS
scores were measured at baseline, six weeks, and 12 weeks aOer the
intervention. Serum ferritin was also measured at 12 weeks, as was
a single question regarding change in quality of life compared to
prior to beginning the study medication (rated as improved, stayed
the same, or worsened). Compliance (based on manual pill count)
was measured at six and 12 weeks. The funding source for this study
was not reported.

Allen 2011 enrolled 46 participants, of whom 43 received all doses of
study medication. Participants were randomised to receive either
intravenous ferric carboxymaltose or placebo. Iron was delivered
as 500 mg of ferric carboxymaltose in 100 mL of normal saline,
given on day 0 and day 5. Normal saline was given using the
same volume and schedule to participants in the placebo group.
Following day 28, participants were assigned to receive ferric
carboxymaltose or normal saline based on their serum ferritin and
IRLS scores at day 28. Because the treatment assignation at day
28 was not randomised (although it remained blinded), we only
considered data gathered before the treatment given on day 28.
IRLS scores were measured at baseline, day 14, and day 28. Other
outcome measures included the RLS Quality of Life (RLS-QoL) scale
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(Abetz 2005), the Medical Outcomes Study sleep scale (a subjective
measure of sleep quality, Hays 1992), periodic limb movements
(measured via leg actigraphy), the Clinical Global Impression of
Change (Guy 1976), a patient global rating of change (the PGI-C,
Guy 1976), and the Fatigue Severity Scale (Krupp 1989). This study
was supported by Luitpold Pharmaceuticals (manufacturer of ferric
carboxymaltose).

Lee 2014 randomised 30 participants with low-normal ferritin levels
(15-50 ng/mL) to either oral iron (ferrous sulfate, 325 mg twice a
day) or the dopamine agonist pramipexole (beginning dose 0.25
mg (salt) at bedtime, with titration during the study period based
on eHect and tolerability). Participants and study personnel were
not blinded to treatment allocation. IRLS scores were measured
at baseline and at weeks 2, 4, 8, and 12. Serum ferritin, subjective
sleep quality, daytime sleepiness, and depressive symptoms were
also measured. This study was funded by a grant through the Seoul
National University Bundang Hospital.

Cho 2016 randomised 64 participants to receive either a single dose
of intravenous ferric carboxymaltose (1000 mg in 100 mL normal
saline, infused over 15 minutes) or normal saline placebo infused
in the same manner. IRLS scores were completed at baseline and
at four and six weeks aOer infusion. Other outcome measures
included the Pittsburgh Sleep Quality Index (Buysse 1989), a visual
analogue scale of RLS severity, the RLS-QoL, and the Short Form-36
Health Survey (SF-36, Ware 1992). Following collection of data
six weeks post-infusion, participants who received placebo were
oHered ferric carboxymaltose and all participants were followed in
an unblinded fashion through week 30. For these analyses, only
data from the initial, randomised, blinded six weeks of the study
were included. Grant support for this work was provided by JW
Pharmaceutical, and drug support for this work was provided by
Vifor Pharma (manufacturer of ferric carboxymaltose).

Trenkwalder 2017 randomised 110 participants with moderate to
severe RLS, who were iron-deficient but non-anaemic, to either
a single dose of intravenous ferric carboxymaltose (1000 mg) or
placebo, infused over 15 +/- 2 minutes. IRLS scores were collected

at baseline, and weeks 1, 4, 8, and 12. Other collected outcome
measures included the Clinical Global Impression of Severity (CGI-
S, Guy 1976), the PGI-C, the RLS-6 rating scale (Kohnen 2004),
the RLS-QoL, the Medical Outcomes Study sleep scale (items
assessing satisfaction with sleep and degree of daytime tiredness).
This study was supported by Vifor Pharma (manufacturer of ferric
carboxymaltose).

Deng 2016 randomised 32 participants, all of whom had renal
disease on stable haemodialysis treatment for at least 12 months
and a diagnosis of RLS. Participants were required to have a
baseline serum ferritin < 200 ng/mL and a transferrin saturation
< 20%. Participants received either 100 mg of intravenous iron
sucrose three days per week for a total of 10 doses, or placebo
normal saline of the same volume (50 mL). IRLS was assessed at
baseline and two weeks following the final infusion. This study was
supported by departmental sources.

Excluded studies

We excluded the remaining trials because of one or more of: 1) lack
of any control group or use of a diHerent formulation or dose of
iron as the control group (Birgegard 2010; Cho 2011; Earley 2004;
Earley 2005; Ekermo 2013; Macher 2015; Mohri 2008; NCT00895232;
O'KeeHe 1994; Ondo 2010; Simakajornboon 2003; Zhang 2014;
Zilberman 2010), or 2) participant age younger than 18 (Konofal
2008; Mohri 2008; Simakajornboon 2003), or 3) study performed
prior to standard RLS criteria definition in 1995 (O'KeeHe 1994),or
4) duplicate publication of same trial (Halterman 2007), 5) absence
of original trial data (Auerbach 2014), or 6) use of a combined iron/
folate intervention compared to a control group receiving neither
folate nor iron (Vishwakarma 2013).

Risk of bias in included studies

Several of the studies had incomplete reporting, which limited our
assessment of potential bias (Figure 2). The Kappa for agreement
between two reviewers about risk of bias was 0.55. We resolved all
disagreements by discussion and consensus.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

Sequence generation was not clearly described in six of the studies
(Allen 2011; Davis 2000; Deng 2016; Earley 2009; Lee 2014; Sloand

2004), and allocation concealment was unclear in three (Cho 2016;
Deng 2016; Lee 2014).
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Blinding

Two studies were unblinded by design (Deng 2016; Lee 2014), and
one study was reported to be blinded but did not clearly state
how the appearance of the intravenous injection was obscured or
matched (Trenkwalder 2017).

Incomplete outcome data

Incomplete outcome data were a potential problem in three studies
(Davis 2000; Lee 2014; Sloand 2004). In the study by Davis et al,
six of 14 iron-treated participants but only one of 14 placebo-
treated participants withdrew before analysis at 14 weeks (the time
of primary outcome measurement) and no imputation of missing
values was performed. In the Lee study, four of 15 participants
in the pramipexole group dropped out due to medication side
eHects, but no participants dropped out of the iron group for this
reason. Sloand et al reported two dropouts in the placebo group
but reported outcome data for the entire group, without a clear
discussion of how outcome data were imputed for the participants
who dropped out.

Selective reporting

It is diHicult to fully rule out the possibility of selective outcome
reporting in any of the trials for which we were unable to find
published protocols (Cho 2016; Davis 2000; Deng 2016; Earley
2009; Lee 2014; Sloand 2004; Wang 2009). Two additional trials
had publicly accessible trial protocols (at ClinicalTrials.gov and
www.controlled-trials.com, respectively; Allen 2011; Grote 2009),
but the date of registration appeared to be aOer the end date of the
trials.

Other potential sources of bias

The intervention groups were imbalanced with respect to
important potential confounders in one study (Sloand 2004), with
mean baseline RLS severity scores being two points higher (out of
a possible 10) in the placebo group and with duration of dialysis
being longer in the placebo group (3.3 versus 2.5 years). Both of
these could potentially indicate more severe disease in the placebo
group, which might be more refractory to therapy.

E:ects of interventions

See: Summary of findings for the main comparison Iron
compared to placebo for the treatment of restless legs syndrome

The included studies did not all report the same outcome
measures. For our primary outcome measure, subjective
restlessness or leg discomfort experienced by the patient, data
were available from nine studies. Eight of these studies used the
IRLS (Allen 2011; Cho 2016; Deng 2016; Earley 2009; Grote 2009;
Lee 2014; Trenkwalder 2017; Wang 2009), and the ninth used a
severity scale developed specifically for use in the trial (Sloand
2004). Several studies measured our primary outcome at multiple
time points. For the purpose of comparing changes in restlessness
across studies, we attempted to pick a time of assessment that was
as consistent as possible across studies. As a result, we analysed
changes in scores between two to four weeks aOer the intervention
for intravenous iron, with the two-week measurement determined
by the Earley 2009 and Deng 2016 studies, in which this was the only
time point available, and the four-week measurement determined
by the Cho 2016 study, as this was the earliest available time point
aOer the intervention. Time points between two to four weeks were

then chosen for the intravenous iron studies of Sloand 2004 (2
weeks), Grote 2009 (3 weeks), Allen 2011 (23 days aOer infusion
completion), and Trenkwalder 2017 (4 weeks). For oral iron studies,
we compared change as measured at 12 weeks, reported in both
the Wang 2009 and Lee 2014 studies, and as measured from 12 to 14
weeks in the Davis 2000 study. We considered secondary outcome
measures for these same time points, if reported, or for the closest
alternate time point when not available.

Iron versus placebo

Nine studies compared iron to placebo. Eight of these studies
assessed our primary outcome, i.e. severity of restlessness. Of these
eight studies, seven could be combined with random eHects meta-
analysis of change in IRLS scores from baseline. Iron decreased IRLS
severity scores significantly more so than did placebo, with a MD in

change in IRLS of -3.78 (95% CI -6.25 to -1.31; I2 = 66%, 7 studies, 345
participants, Analysis 1.1). Data from the Sloand 2004 study were
presented as medians and interquartile ranges for the University
of Rochester severity scale, from which we estimated means and
standard deviations (SDs), using methodology described by Wan
2014. For all these eight studies together, the standardised mean
diHerence (SMD) in change in severity was -0.74 (95% CI -1.26 to

-0.23; I2 = 80%, 8 studies, 370 participants, Analysis 1.2) for iron
compared to placebo. We rated the certainty regarding these eHects
of iron versus placebo as moderate (Summary of findings for the
main comparison).

Considering secondary outcomes, changes in quality of life with
treatment were assessed in five studies (Allen 2011; Cho 2016;
Davis 2000; Trenkwalder 2017; Wang 2009). There was no diHerence
in change in quality of life between the treatment and placebo
groups in studies using a dichotomised measure of improved versus
unchanged or worsened (risk ratio (RR) 2.01, 95% CI 0.54 to 7.45;

I2 = 54%, 2 studies, 39 participants, Analysis 1.8; Davis 2000; Wang
2009), but there was an improvement in quality of life measured

as a continuous variable (SMD 0.51, 95% CI 0.15 to 0.87; I2 = 0%, 3
studies, 128 participants, Analysis 1.9; Allen 2011; Cho 2016; Davis
2000). Trenkwalder 2017 also reported significant improvements
in several individual quality of life measures contained in the RLS-
QoL. We rated the certainty regarding these eHects of iron versus
placebo as very low.

All nine studies comparing iron to placebo assessed patient
satisfaction, either directly or indirectly. In two of the studies,
satisfaction was measured directly at a certain time point, when
participants were asked if they would prefer to remain in the study
or leave the study to start diHerent therapy for RLS (Davis 2000;
Earley 2009). In the remaining seven studies, participant dropouts
due to lack of eHicacy of therapy were reported. Combining these
two measures to determine the proportion of participants who
chose to leave the study due to lack of eHicacy, there was no
diHerence between the iron and placebo groups (RR 0.77, 95% CI

0.41 to 1.47; I2 = 43%, 9 studies, 391 participants, Analysis 1.10). The
Allen 2011, Deng 2016, and Wang 2009 studies had no dropouts due
to lack of eHicacy in either group. We rated the certainty regarding
these eHects of iron versus placebo as low.

Patient impression of change using the PGI-C was reported by two
studies. In the Allen 2011 study, significantly more participants
receiving iron rated themselves as much improved or very much
improved (45.8% versus 9.5% with placebo, P = 0.03). In the
Trenkwalder 2017 study, the PGI-C was combined with item 2
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of the CGI-I, and significantly more participants receiving iron
rated themselves as very much improved and had a CGI of much
improved (43.4% versus 14.9%, P = 0.002).

Subjective sleep quality was no diHerent between iron and placebo

in the studies that reported it (SMD 0.19, 95% CI -0.18 to 0.56; I2 =
9%, 3 studies, 128 participants, Analysis 1.11; Allen 2011; Cho 2016;
Davis 2000). Objective sleep quality, measured as sleep eHiciency
during polysomnography, was not significantly diHerent between
the iron and placebo groups (-35.5 +/- 92.0 versus -41.4 +/- 98.2)
in the single study that measured it (Earley 2009). Periodic limb
movements of sleep were measured in two studies (Allen 2011;
Earley 2009), by actigraphy or polysomnography. The decrease
aOer treatment was not significantly diHerent between the iron and

placebo groups (SMD -0.19, 95% CI -0.70 to 0.32; I2 = 0%, 2 studies,
60 participants, Analysis 1.12). Daytime functioning was assessed
in one study using the Epworth Sleepiness Scale, a subjective
measure of propensity to fall asleep during routine activities (Grote
2009). Epworth scores were not given for the treatment groups, but
were noted not to be significantly diHerent from placebo at any
time point. However, when measured in a single study by the RLS-6,
daytime tiredness was reduced by iron compared to placebo (least
squares MD -1.5, 95% CI -2.5 to -0.6; Trenkwalder 2017). Changes in
the rate of augmentation were not addressed in any of the included
studies.

Adverse events were reported for eight of the nine studies
comparing iron to placebo. In one study, no adverse events
occurred in either group (Deng 2016). In five of the studies, data
were reported (Davis 2000; Sloand 2004; Trenkwalder 2017), or
available from the authors (L. Grote, R. Allen) by number of
participants in each group to experience any adverse event. In
others (Cho 2016; Earley 2009), adverse events were listed but
it was not clear which adverse events were unique occurrences
or when an individual participant may have had more than one
adverse event. For the purpose of our meta-analysis, therefore,
we included only data from the first six studies. The risk of any
adverse event was not diHerent between the iron and placebo

groups (RR 1.48, 95% CI 0.97 to 2.25; I2 = 45%, 6 studies, 298
participants, Analysis 1.13). We rated the certainty regarding these
eHects of iron versus placebo as moderate. Gastrointestinal side
eHects (nausea/vomiting, constipation, diarrhoea, and abdominal
pain) were considered as unique events (i.e. counted as separate
occurrences even if they occurred in the same patient) and were no
more common in the iron than placebo groups (1.47, 95% CI 0.77 to

2.80; I2 = 0%, 8 studies, 380 participants, Analysis 1.14). Participants
were no more likely to drop out of the study due to adverse events

in the iron than the placebo group (RR 1.91, 95% CI 0.50 to 7.26; I2

= 0%, 8 studies, 380 participants, Analysis 1.15). No dropouts due
to adverse events occurred in five of the studies (Allen 2011; Cho
2016; Deng 2016; Earley 2009; Wang 2009). We rated the certainty
regarding this eHect of iron versus placebo as low.

Iron versus placebo - subgroup analyses

Subgroup analyses were performed for those studies with
participants who were on dialysis versus not on dialysis, those
studies selecting for only participants with low or low-normal
baseline iron stores versus studies that did not select for iron
deficiency, and for studies administering oral versus intravenous
iron. We then further subdivided the intravenous iron studies

by performing subgroup analysis on studies administering iron
sucrose versus ferric carboxymaltose.

Two studies evaluated change in restlessness in participants on
dialysis and six studies evaluated this in participants not on
dialysis. While the benefit of iron over placebo was apparent for
both groups, the benefit was significantly greater in studies of

participants on dialysis (Chi2 = 10.16, P = 0.001, Analysis 1.3).

Three studies included only participants selected for low or low-
normal iron stores. There was no significant diHerence between
change in restlessness among those selected for or not selected for

iron deficiency at baseline (Chi2 1.29, P = 0.26, Analysis 1.4). Three
studies additionally reported that baseline ferritin levels were not
diHerent between participants whose restlessness responded to
iron therapy and those whose did not (Allen 2011; Cho 2011; Davis
2000).

Considering type of iron delivery (oral versus intravenous), there
was no significant diHerence between decrease in restlessness in
the single study using oral iron versus the seven studies using

intravenous iron (Chi2 = 1.00, P = 0.32, Analysis 1.5). As a post
hoc analysis, we considered iron sucrose (3 studies) versus ferric
carboxymaltose (3 studies). There was no significant diHerence
in reduction in restlessness with these two formulations of
intravenous iron (Chi2 = 0.48, P = 0.49, Analysis 1.6).

Iron versus placebo - sources of heterogeneity

There was high heterogeneity for our primary outcome measure

of restlessness for the comparison of iron versus placebo (I2 =
80%). Heterogenity decreased only modestly when considering

those studies measuring restlessness with the IRLS (I2 =
66%). Heterogeneity was considerably lower among studies of

participants without renal disease (I2 = 19%) than those on dialysis

(I2 = 63%). Heterogeneity was somewhat lower when considering

only those who were iron deficient at baseline (I2 = 45%) than

those unselected for iron deficiency (I2 = 86%). Hetereogeneity
remained high when considering only studies using intravenous

iron (I2 = 81%), although was very low among those studies using

intravenous ferric carboxymaltose (I2 = 0%).

Iron versus placebo - sensitivity analysis

As a sensitivity analysis for quality of trials, we repeated our
analysis of restlessness excluding trials with a high risk of bias. This
demonstrated a somewhat smaller but still statistically significant

benefit of iron over placebo (SMD -0.46, 95% CI -0.82 to -0.10; I2 =
56%, 7 trials, 338 participants, Analysis 1.7).

Iron versus dopamine agonist

For the single study comparing iron to a dopamine agonist (Lee
2014), change in IRLS score from baseline was no diHerent between
the iron and pramipexole groups (MD -0.40, 95% CI -5.93 to 5.13;
1 study, 30 participants). Several secondary outcomes were also
not diHerent between treatments, including change in subjective
sleep quality, measured by the Pittsburgh Sleep Quality Index and
daytime sleepiness measured by the Epworth Sleepiness Scale.
Adverse events were reported as being significantly more frequent
in the dopamine agonist group, without additional detail provided
(Lee 2014). Four participants in the pramipexole group dropped
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out due to adverse events, while no participants in the iron group
dropped out for this reason.

D I S C U S S I O N

Summary of main results

Iron is more eHective than placebo at decreasing restlessness
and restless legs syndrome (RLS) severity as measured by the
International Restless Legs Scale (IRLS). The average improvement
in IRLS score above that seen by placebo was 3.78 points, which is
above the proposed minimal clinically important change of 2.9 to
3.2 points (Allen 2013b). However, it is lower than the change seen
in meta-analysis of dopamine agonists versus placebo for RLS (4.2
points with ropinirole, 5.2 points with pramipexole, and 7.0 points
with rotigotine (Scholz 2011)). Assessment of the eHect of iron
on secondary outcomes was limited by small numbers of studies
collecting each secondary outcome, and we rated the certainty
level for most secondary outcomes as low or very low. However,
available data indicate that iron might be superior to placebo for
improving some, but not all, measures of RLS-related quality of
life and are conflicting as to whether iron is superior to placebo in
improving daytime sleepiness in participants with RLS. Subjective
and objective sleep quality were no more improved by iron than by
placebo in included studies.

Subgroup analyses indicated that participants on dialysis may be
more likely to benefit from iron therapy than participants without
renal disease, but there were no significant subgroup eHects by
baseline iron measures or type of iron administered. However,
subgroup analyses are based on relatively small numbers of small
studies, e.g. the subgroup of participants included in intravenous
iron trials totaled 352, versus only 18 participants with oral iron.
Thus, subgroup analyses should be considered exploratory only.

Although current practice guidelines recommend replacing iron in
people with RLS when serum ferritin levels are < 75 ng/mL (Silber
2013), most of the included studies were not limited to participants
with serum ferritin values in this range and three studies reported
that iron responders and non-responders did not diHer by baseline
iron status. Further data are needed to determine the role of
baseline iron deficiency in selecting people for RLS treatment with
iron.

One included study compared iron with an established active
treatment (Lee 2014), i.e. the dopamine agonist pramipexole, rather
than to placebo. This study found no diHerence between iron and
pramipexole in reduction of RLS severity. This indirectly supports a
clinical benefit of iron for RLS treatment, as dopamine agonists are
known to significantly reduce RLS severity compared to placebo.
However, the width of the confidence interval (CI) around the mean
diHerence (MD) between these two therapies in the included study
was quite wide, such that one of these two treatments may have
clinical superiority.

Adverse events were no more common with iron therapy than
placebo, but may be less common with iron than with a dopamine
agonist (as reported by the single study of Lee 2014). Although it
could not be fully assessed in our review, there may be diHerences
in tolerability between oral and intravenous iron for the treatment
of RLS. Tolerability may also be influenced by factors other than
route of administration (e.g. formulation of iron).

Overall completeness and applicability of evidence

The total number of participants included in all studies included
in this review was relatively low at 428, and half of the included
studies had 30 participants or fewer. Secondary outcomes were
each included in only a few trials, limiting assessment of these
clinically-important secondary outcomes. InsuHicient power and
concern about possible publication bias based on the presence
of mostly small, oOen industry-sponsored trials, resulted in
downgrading of confidence levels in results. Larger, well-designed
studies are clearly needed to allow confidence in the estimate of
treatment benefit from iron, to understand the eHect of iron on
secondary outcomes, and to evaluate the role of group diHerences
(e.g. baseline iron status).

Quality of the evidence

Assessment of trial quality was hampered by incomplete reporting
of study design, in part likely reflecting evolving guidelines for
clinical trial reporting since the earliest included studies were
published. Using available data, several studies had potentially
high risks of bias, related to high dropout rates without use of last
observation carried forward and lack of blinding. Even in studies
where dropouts were appropriately handled using intention-to-
treat with last observation carried forward analyses, high dropout
rates may have contributed to a bias toward the null, partially
obscuring a true treatment eHect (e.g. in Trenkwalder 2017).

Potential biases in the review process

Given the small numbers of participants involved in each trial,
this review does not allow for the detection of serious but rare
adverse events (e.g. severe infusion reactions with intravenous
iron). Because outcomes were not assessed at the same time
in each study, we chose to use the time points that were most
similar for each route of iron assessment, i.e. two to four weeks for
intravenous iron and 12 weeks for oral iron. In several studies (e.g.
Cho 2016; Grote 2009; Trenkwalder 2017), there was no significant
benefit of iron at the time point we selected for analysis, but a
significant benefit was identified at other studied time points; this
may have led to an underestimation of a transient or delayed
benefit of iron. In other cases (e.g. Allen 2011; Sloand 2004), the
time point that we selected for analysis showed a significant
benefit, while other reported time points did not, which could
have overestimated a benefit of iron. Optimal timing to measure
the eHect of oral or intravenous iron is not well characterised
(Trenkwalder 2017).

Agreements and disagreements with other studies or
reviews

Evidence-based treatment guidelines for RLS are available from
the American Academy of Sleep Medicine (Aurora 2012), the
International Restless Legs Syndrome Study Group (specifically
addressing long-term, rather than short-term, treatment; Garcia-
Borreguero 2013), a combined group of European neurologic
and sleep societies (Garcia-Borreguero 2012), and the American
Academy of Neurology (Winkelman 2016). The American Academy
of Sleep Medicine and the International Restless Legs Syndrome
Study Group concluded, similar to our initial review (Trotti 2012),
that iron supplementation has not been shown to be eHective
for RLS (Aurora 2012; Garcia-Borreguero 2013). In contrast, the
European societies considered each iron formulation separately
to conclude that intravenous iron sucrose is not eHective but
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that oral ferrous sulfate and intravenous ferric carboxymaltose
are probably eHective for short-term treatment (Garcia-Borreguero
2012). The American Academy of Neurology found moderately
strong evidence in support of intravenous ferric carboxymaltose
(Level B) and oral ferrous sulfate with vitamin C in those with serum
ferritin < 75 ng/mL (Level B) (Winkelman 2016). A systematic review
from the Agency for Healthcare Research and Quality reported
moderate evidence for ferric carboxymaltose (Wilt 2013).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Iron probably improves restlessness in people with restless legs
syndrome (RLS), compared to placebo, based largely on trials of
intravenous iron of moderate quality. However, insuHicient data are
available to directly determine whether iron or dopamine agonists
are more eHective or better tolerated, and no data address the
question of whether iron or alpha-2-delta ligands are more eHective
or better tolerated. Thus, the decision of whether to use iron as first-
line treatment, as combination therapy with a dopamine agonist
or alpha-2-delta ligand, or only as a second-line medication aOer
first-line agents fail, cannot be fully guided by currently available
evidence.

Implications for research

Larger, high-quality studies are needed to evaluate several key
questions that are unanswered by available studies, including:

1) confirmation of the benefit of iron, currently based on small
studies of relatively few participants, followed for a short period of
time; 2) eHect of iron therapy on important secondary outcomes
in participants with RLS, such as quality of life and sleep quality;
3) eHect of oral iron therapy on RLS symptoms; 4) relative
eHicacy of diHerent formulations of intravenous iron, e.g. ferric
carboxymaltose versus iron sucrose; 5) optimal timing of iron
administration and monitoring of treatment response; and 6)
specific patient characteristics (e.g. baseline iron stores, renal
function) that predict response to treatment. Further work is
needed to evaluate both the relative eHicacy of iron versus standard
RLS treatments and the potential benefit of combination therapy
using iron and standard treatment.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised, placebo-controlled trial

Participants 46 adult men and women with at least moderately severe RLS (IRLS >= 15), RLS symptoms at least five
nights per week, and at least 15 PLMS/hour, enrolled from multiple sites

Interventions Intervention: ferric carboxymaltose 500 mg in 100 mL normal saline, infused over 15 minutes, on days 0
and 5

Allen 2011 
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Placebo: 100 mL normal saline with same dosing schedule

Outcomes IRLS, RLS-QoL, CGI-I, PGI-C, MOS scale, FSS, PLMS measured by actigraphy, ferritin

Notes Funded by pharmaceutical company

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study randomised, but method of sequence generation not specified

Allocation concealment
(selection bias)

Low risk Central allocation using interactive voice recognition system

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Study nurse not blinded and interacted with participants, but was not an out-
come assessor. IV bag and tubing concealed for study drug administration

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Three dropouts were not included in final analysis, all three from placebo
group, all withdrew before receiving full dose of placebo (i.e. after 0 or 1 dos-
es), none reported side effects

Selective reporting (re-
porting bias)

Unclear risk Study protocol available but clinicaltrials.gov reports the protocol was first re-
ceived 2/23/11, after the study was completed

Other bias Low risk No other risks identified

Allen 2011  (Continued)

 
 

Methods Randomised, placebo-controlled trial

Participants 64 adult men and women with at least moderately severe RLS (IRLS >= 15) and symptoms at least 5
nights/week, enrolled from a single centre (Republic of Korea)

Interventions Intervention: 1000 mg of ferric carboxymaltose, given intravenously in 100 mL normal saline over 15
minutes, as a single dose

Placebo: 100 mL normal saline over 15 minutes, as a single dose

Outcomes IRLS, VAS of symptom severity, PSQI, RLS-QoL, SF-36, ferritin

Notes Funded by pharmaceutical company

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer random number generator

Allocation concealment
(selection bias)

Unclear risk May have used an open random allocation scheduled, i.e. "random number se-
quence"

Cho 2016 
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Blinding (performance
bias and detection bias) 
All outcomes

Low risk Nurse who administered intervention was unblinded but did not assess out-
comes. IV bottles and lines were covered with foil to prevent identification of
FCM versus placebo

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk One participant dropped out prior to receiving medications (not analysed).
Two participants dropped out after receiving only one dose (included in safety
set but not efficacy analyses). Three dropouts from ferric carboxymaltose and
one from placebo group, all because of RLS severity. Included in analyses us-
ing last observation carried forward

Selective reporting (re-
porting bias)

Unclear risk No mention of protocol registration

Other bias Low risk No other risks identified

Cho 2016  (Continued)

 
 

Methods Randomised, placebo-controlled trial

Participants 28 adult men and women with symptomatic RLS currently on treatment, enrolled from a single neurol-
ogy clinic (USA)

Interventions Intervention: ferrous sulfate liquid 325 mg twice a day

Placebo: a 50:50 mixture of water and 2% carboxymethlycellulose with a "slightly disagreeable taste,
similar to liquid ferrous sulfate".

Study drug continued through week 16, then extended an additional 10 weeks if participants preferred
study drug to their previous RLS medication

Outcomes VAS of the extent that RLS interferes with sleep; VAS of how RLS affects life, ferritin, gastrointestinal
side effects

Notes Power for primary outcome was 25%

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Block randomisation, but method not specified

Allocation concealment
(selection bias)

Low risk Randomisation controlled by nurse not involved in the study; randomisation
key in locked cabinet

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Investigators and participants blinded; placebo and iron both liquids with
slightly disagreeable taste

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 6 of 14 iron-treated participants leO before primary and secondary outcomes
measured at week 14 (versus 1 of 14 placebo-treated participants). Study data
only reported for the people who remained

Selective reporting (re-
porting bias)

Unclear risk No study protocol available

Davis 2000 
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Other bias Low risk No other risks identified

Davis 2000  (Continued)

 
 

Methods Randomised, placebo-controlled trial

Participants 32 people with RLS, renal disease on dialysis at least 1 year, with serum ferritin < 200 ng/mL and trans-
ferrin saturation < 20%. Age > 18 was not specified as an inclusion criteria, but mean age was 63.9 (stan-
dard deviation 6.5) years

Interventions Intervention: Iron sucrose, given as a 50 mL injection (containing 100 mg iron sucrose) three times per
week for a total of 10 doses

Placebo: sodium chloride, given as the same volume and with the same schedule

Outcomes IRLS, serum iron measurements

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study was randomised in pairs but method of sequence generation not speci-
fied

Allocation concealment
(selection bias)

Unclear risk No mention of allocation concealment; study unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded study

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No missing outcome data

Selective reporting (re-
porting bias)

Unclear risk No mention of study protocol registration

Other bias Low risk Unclear if participants were allowed to use other RLS medications during the
study and whether such use was balanced between groups; note made that
dialysis prescription had to remain unchanged

Deng 2016 

 
 

Methods Randomised, placebo-controlled trial

Participants 18 adult men and women with RLS and PLMS > 15/hr, enrolled from a single medical centre (USA)

Interventions Intervention: iron sucrose, given as a 500 mL infusion (containing 500 mg iron sucrose) over 10 hours,
then another 500 mL over 12 hours the following day

Earley 2009 
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Placebo: sodium chloride, given in the same infusion volume and with the same dosing schedule

Outcomes IRLS (a secondary outcome), PLMS/hr by second night PSG, ferritin, global rating scale (7-point scale of
symptom severity completed by the participant), sleep diary, periodic limb movements during wake on
the suggested immobilisation test, change in cerebrospinal fluid ferritin levels, change in MRI iron index
in substantia nigra

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomised 2:1 but does not specify method of sequence generation

Allocation concealment
(selection bias)

Low risk Randomisation performed by pharmacy

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Nurse and one investigator (CJE) knew treatment status at times but were not
outcome assessors. IV solution and tubing wrapped with black opaque plastic
to conceal solution

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All subjects who received interventions were analysed

Selective reporting (re-
porting bias)

Unclear risk No study protocol available

Other bias Low risk No other risks identified; prior review rated high risk of bias for early stopping
based on stopping rule, but this has been removed per current Cochrane guid-
ance

Earley 2009  (Continued)

 
 

Methods Randomised, placebo-controlled trial

Participants 60 adult men and women meeting all 4 RLS diagnostic criteria who had IRLS scores >= 10 and s-ferritin
< 45 ng/mL, recruited from three separate hospitals (Sweden)

Interventions Intervention: 200 mg iron sucrose IV (10 mL of 20 mg/mL iron (III) as iron (III)-hydroxide sucrose com-
plex) given 5 times over 3 weeks

Placebo: sodium chloride given with same timing as intervention

Outcomes IRLS (baseline (BL), week 3, week 7, week 11, month 5, month 8, month 12, with difference at week 11
set as primary outcome), ferritin, ESS

Notes Funded by pharmaceutical company

Risk of bias

Bias Authors' judgement Support for judgement

Grote 2009 
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Random sequence genera-
tion (selection bias)

Low risk Minimisation method

Allocation concealment
(selection bias)

Low risk Central randomisation

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Non-transparent infusion bags and disposables used to obscure treatment
condition

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis with last observation carried forward

Selective reporting (re-
porting bias)

Unclear risk Study protocol registered but registration date appears to be after study com-
pletion

Other bias Low risk No other risks identified

Grote 2009  (Continued)

 
 

Methods Randomised, active-comparator controlled trial

Participants 30 participants with RLS, ages 20-80, with serum ferritin 15-50 ng/mL, enrolled at a single site (Korea)

Interventions Intervention: oral ferrous sulfate, 325 mg bid, for 12 weeks

Control: oral pramipexole at bedtime, starting dose 0.25 mg with dose increase as needed and tolerat-
ed

Outcomes IRLS measured at baseline, weeks 2, 4, 8, and 12, ferritin, ESS score, Beck Depression Inventory, PSQI

Notes The authors calculated that > 20 subjects would be needed per group for 80% power to detect an effect
size of 0.8

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Block randomisation used

Allocation concealment
(selection bias)

Unclear risk No mention of allocation concealment; study unblinded

Blinding (performance
bias and detection bias) 
All outcomes

High risk Study was unblinded to participants and study personnel

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Although last observation carried forward was used, there was a high dropout
rate for treatment-related reasons that differed between conditions (4/15
dropped out of pramipexole group because of side effects versus 1/15 from
iron group for lack of efficacy; an additional 2/15 leO the iron group for study
inconvenience)

Lee 2014 
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Selective reporting (re-
porting bias)

Unclear risk No mention of protocol registration

Other bias Low risk No other risks identified

Lee 2014  (Continued)

 
 

Methods Randomised, placebo-controlled trial

Participants 25 adult men and women with ESRD (on either haemodialysis or peritoneal dialysis) who also had RLS
by IRLSSG criteria, recruited from the dialysis units of a single medical centre (USA)

Interventions Active: IV iron dextran given as: 30 mg test dose over 3 min, followed by 970 mg (in 485 mL volume) over
3 hrs if no reaction to the test dose

Placebo: sodium chloride given in the same volume and with the same timing as the intervention group

Outcomes ferritin, hematocrit, gastrointestinal side effects, University of Rochester severity score (10-point scale,
where 0 = none, 10 = bad) at 0, 1, 2, 4 weeks

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of randomisation not specified

Allocation concealment
(selection bias)

Low risk Randomisation appears to have been performed by pharmacy

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Medication and tubing covered with opaque sleeve to conceal treatment con-
dition

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Two placebo participants dropped out after infusion; Figure 1 reports data on
all 14 placebo participants although use of last observation carried forward
not explicitly stated

Selective reporting (re-
porting bias)

Unclear risk No study protocol available

Other bias Unclear risk Baseline imbalance of 2 points in RLS severity score; there was also a broader
range of scores in the treated group; imbalance in duration of dialysis

Sloand 2004 

 
 

Methods Randomised, placebo-controlled trial

Participants 110 participants with at least moderately severe RLS (IRLS >= 15) and serum ferritin less than 75 ng/mL
(or serum ferritin 75-300 ng/mL and transferrin saturation < 20%)

Trenkwalder 2017 
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Interventions Intervention: intravenous ferric carboxymaltose, 1000 mg infusion over 15 minutes

Control: placebo with matched infusion rate

Outcomes IRLS, CGI-severity, PGI-C, RLS-6 quality of life scale, MOS sleep

Notes Funded by pharmaceutical company

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised by statistician

Allocation concealment
(selection bias)

Low risk Central allocation

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Nurse administering treatment was not blinded but did not assess outcomes.
Unclear how treatment was concealed during IV administration

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Relatively high dropout rate (21%), but for similar reasons and used last obser-
vation carried forward

Selective reporting (re-
porting bias)

Low risk Protocol registered on EudraCT prior to start of enrolment; protocol consistent
with reported outcomes

Other bias Low risk No other risks identified

Trenkwalder 2017  (Continued)

 
 

Methods Randomised, placebo-controlled

Participants 18 adult men and women with RLS who had ferritin 15-75 ng/mL and IRLS scores >= 11

Interventions Intervention: ferrous sulfate 325 mg bid in non-descript capsules

Placebo: lactose, appearance-matched

Study drug continued for 12 weeks

Outcomes IRLS (BL, 6 weeks, 12 weeks), ferritin (BL, 6 weeks, 12 weeks), single question on change in quality of life
at 12 weeks (improved, same, worsened), compliance at 6 and 12 weeks (by manual pill count)

Notes Authors raise issue of iron causing stool discolouration and therefore inadvertent unblinding, although
this is speculative

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Used randomly generated sequenced number programme

Wang 2009 
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Allocation concealment
(selection bias)

Low risk Independent investigative pharmacist performed randomisation and kept ran-
domisation code in locked cabinet

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Matched capsules of placebo and iron; investigators and participants blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants who were randomised completed the study

Selective reporting (re-
porting bias)

Unclear risk No study protocol available

Other bias Low risk No other risks identified

Wang 2009  (Continued)

BL: baseline
CGI-I: Clinical Global Impression of Improvement
ESRD: end-stage renal disease
ESS: Epworth Sleepiness Scale
FSS: fatigue severity scale
IRLS: International RLS Study Group severity scale
IRLSSG: International Restless Legs Syndrome Study Group
IV: intravenous
MOS: medical outcomes of sleep
MRI: magnetic resonance imaging
PGI-C: Patient Global Impression of Change
PLMS: periodic limb movements of sleep
PSG: polysomnography
PSQI: Pittsburgh Sleep Quality Index
RLS: restless legs syndrome
RLS-QoL: RLS quality of life scale
SF-36: Short-form-36
VAS: visual analogue scale
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Auerbach 2014 Not a report of original data

Birgegard 2010 No non-iron control group

Cho 2011 No non-iron control group

Earley 2004 No control group

Earley 2005 No control group

Ekermo 2013 No non-iron control group

Halterman 2007 Duplicate publication of Sloand 2004 (included)

Konofal 2008 Included children

Macher 2015 No non-iron control group
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Study Reason for exclusion

Mohri 2008 No control group; included children

NCT00895232 No non-iron control group

O'Keeffe 1994 Performed prior to 1995 (non-standard diagnostic criteria for RLS used); no control group

Ondo 2010 No control group

Simakajornboon 2003 No control group; included children

Vishwakarma 2013 Iron group also given folate, while other treatment groups were not given folate

Zhang 2014 No non-iron control group

Zilberman 2010 No control group

RLS: restless legs syndrome
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title A single blind, randomised controlled study of iron supplementation in iron deficient, but other-
wise healthy, patients on hypoxic pulmonary vascular responses

Methods Single-blind, randomised controlled trial

Participants Iron deficient subjects

Interventions Up to 1000 mg of ferric carboxymaltose

Outcomes RLS and nocturnal limb movements measured by actigraphy are secondary outcomes

Starting date November 2009. Completed in 2013 per UK Clinical Trials Gateway but outcome data for RLS ap-
pear to be as-yet unpublished

Contact information Dr Annabel Nickol, Oxford Centre for Respiratory Medicine

Notes Available on UK Clinical Trials Gateway

ISRCTN01222004 

 
 

Trial name or title Intravenous iron metabolism in restless legs syndrome

Methods Double-blind, randomised controlled trial

Participants 36 adults with RLS

Interventions 500 mg of IV ferric carboxymaltose given on two consecutive days

Outcomes RLS symptoms

NCT00685815 
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Starting date November 2006. Completed in 2012 per clinical trials.gov but appears to be as-yet unpublished

Contact information Christopher J Earley, MD, PhD, Johns Hopkins University

Notes Registered at www.clinicaltrials.gov

NCT00685815  (Continued)

 
 

Trial name or title A Study of intravenous iron isomaltoside 1000 (Monofer®) administered by infusions to iron-defi-
cient blood donors

Methods Double-blind, randomised controlled trial

Participants 100 female, adult, first-time blood donors (some of whom are anticipated to have RLS) with serum
ferritin < 30 ng/mL

Interventions Iron isomaltoside 1000 mg IV infusion over 15 minutes

Outcomes RLS symptoms

Starting date June 2013

Contact information Lars Lykke Thomsen

Notes Registered at www.clinicaltrials.gov

NCT01895231 

 
 

Trial name or title Randomized, placebo-controlled trial of ferric carboxymaltose in RLS patients with iron-deficiency
anemia

Methods Randomised, controlled trial

Participants Participants with RLS and iron deficiency anaemia

Interventions Intervention: ferric carboxymaltose

Control: placebo

Outcomes IRLS, CGI

Starting date anticipated March 2017

Contact information Angelia D Butcher

Notes Registered at www.clinicaltrials.gov

NCT02826681 

CGI: Change in Glogal Impression
IRLS: International Restless Legs Scale
RLS: restless legs syndrome
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Iron versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in IRLS severity scale
score

7 345 Mean Difference (IV, Random,
95% CI)

-3.78 [-6.25, -1.31]

2 Change in any measure of rest-
lessness

8 370 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.74 [-1.26, -0.23]

2.1 New Subgroup 8 370 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.74 [-1.26, -0.23]

3 Restlessness, Subgroup - renal
disease

8 370 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.74 [-1.26, -0.23]

3.1 Normal renal function 6 313 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.31 [-0.57, -0.04]

3.2 Renal disease requiring dialy-
sis

2 57 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-2.18 [-3.31, -1.06]

4 Restlessness, Subgroup - iron
status at baseline

8 370 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.74 [-1.26, -0.23]

4.1 Low or low-normal baseline
iron stores

3 188 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.37 [-0.81, 0.07]

4.2 Unselected for baseline iron
measures

5 182 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.95 [-1.85, -0.06]

5 Restlessness, Subgroup - intra-
venous versus oral iron

8 370 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.74 [-1.26, -0.23]

5.1 Oral iron 1 18 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-1.29 [-2.35, -0.23]

5.2 Intravenous iron 7 352 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.68 [-1.23, -0.14]

6 Restlessness, Subgroup - iron
sucrose versus ferric carboxymal-
tose

6 327 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.55 [-1.09, 0.00]

6.1 Iron sucrose 3 110 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.88 [-2.48, 0.72]

6.2 Ferric carboxymaltose 3 217 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.31 [-0.57, -0.04]

7 Restlessness, Sensitivity analy-
sis - excluding studies at high risk
of bias

7 338 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.46 [-0.82, -0.10]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8 Quality of life (dichotomous
measure)

2 39 Risk Ratio (M-H, Random, 95%
CI)

2.01 [0.54, 7.45]

9 Change in quality of life (contin-
uous measure)

3 128 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.51 [0.15, 0.87]

10 Withdrew to use other RLS
medication or because of inade-
quate RLS symptom control

9 391 Risk Ratio (M-H, Random, 95%
CI)

0.77 [0.41, 1.47]

11 Change in subjective sleep
quality

3 128 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.19 [-0.18, 0.56]

12 Change in PLMS 2 60 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.19 [-0.70, 0.32]

13 Adverse events 6 298 Risk Ratio (M-H, Random, 95%
CI)

1.48 [0.97, 2.25]

14 Gastrointestinal side effects 8 380 Risk Ratio (M-H, Random, 95%
CI)

1.44 [0.76, 2.75]

15 Drop out due to adverse event 9 398 Risk Ratio (M-H, Random, 95%
CI)

1.91 [0.50, 7.26]

 
 

Analysis 1.1.   Comparison 1 Iron versus placebo, Outcome 1 Change in IRLS severity scale score.

Study or subgroup Iron Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 13.9% -4.9[-9.27,-0.53]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 16.62% -1.2[-4.65,2.25]

Deng 2016 16 -7.4 (2) 16 -0.8 (2.6) 22.23% -6.6[-8.21,-4.99]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 5.74% 1.9[-7.14,10.94]

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 15.09% -1.4[-5.35,2.55]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 16.42% -2.5[-6.01,1.01]

Wang 2009 11 -10.3 (7.4) 7 -1.1 (5.6) 9.99% -9.2[-15.23,-3.17]

   

Total *** 182   163   100% -3.78[-6.25,-1.31]

Heterogeneity: Tau2=6.5; Chi2=17.65, df=6(P=0.01); I2=66.01%  

Test for overall effect: Z=2.99(P=0)  

Favours iron 105-10 -5 0 Favours placebo

 
 

Analysis 1.2.   Comparison 1 Iron versus placebo, Outcome 2 Change in any measure of restlessness.

Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.2.1 New Subgroup  

Favours iron 42-4 -2 0 Favours placebo
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Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 13.59% -0.64[-1.26,-0.02]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 14.64% -0.17[-0.66,0.32]

Deng 2016 16 -7.4 (2) 16 -0.8 (2.6) 10.3% -2.77[-3.78,-1.77]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 10.72% 0.22[-0.73,1.17]

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 14.51% -0.18[-0.68,0.33]

Sloand 2004 11 -3.3 (2.5) 14 -0.3 (0.8) 10.9% -1.63[-2.56,-0.7]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 15.49% -0.26[-0.64,0.11]

Wang 2009 11 -10.3 (7.4) 7 -1.1 (5.6) 9.85% -1.29[-2.35,-0.23]

Subtotal *** 193   177   100% -0.74[-1.26,-0.23]

Heterogeneity: Tau2=0.41; Chi2=34.71, df=7(P<0.0001); I2=79.83%  

Test for overall effect: Z=2.83(P=0)  

   

Total *** 193   177   100% -0.74[-1.26,-0.23]

Heterogeneity: Tau2=0.41; Chi2=34.71, df=7(P<0.0001); I2=79.83%  

Test for overall effect: Z=2.83(P=0)  

Favours iron 42-4 -2 0 Favours placebo

 
 

Analysis 1.3.   Comparison 1 Iron versus placebo, Outcome 3 Restlessness, Subgroup - renal disease.

Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.3.1 Normal renal function  

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 13.59% -0.64[-1.26,-0.02]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 14.64% -0.17[-0.66,0.32]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 10.72% 0.22[-0.73,1.17]

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 14.51% -0.18[-0.68,0.33]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 15.49% -0.26[-0.64,0.11]

Wang 2009 11 -10.3 (7.4) 7 -1.1 (5.6) 9.85% -1.29[-2.35,-0.23]

Subtotal *** 166   147   78.8% -0.31[-0.57,-0.04]

Heterogeneity: Tau2=0.02; Chi2=6.2, df=5(P=0.29); I2=19.4%  

Test for overall effect: Z=2.29(P=0.02)  

   

1.3.2 Renal disease requiring dialysis  

Deng 2016 16 -7.4 (2) 16 -0.8 (2.6) 10.3% -2.77[-3.78,-1.77]

Sloand 2004 11 -3.3 (2.5) 14 -0.3 (0.8) 10.9% -1.63[-2.56,-0.7]

Subtotal *** 27   30   21.2% -2.18[-3.31,-1.06]

Heterogeneity: Tau2=0.42; Chi2=2.71, df=1(P=0.1); I2=63.05%  

Test for overall effect: Z=3.8(P=0)  

   

Total *** 193   177   100% -0.74[-1.26,-0.23]

Heterogeneity: Tau2=0.41; Chi2=34.71, df=7(P<0.0001); I2=79.83%  

Test for overall effect: Z=2.83(P=0)  

Test for subgroup differences: Chi2=10.16, df=1 (P=0), I2=90.16%  

Favours iron 42-4 -2 0 Favours placebo
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Analysis 1.4.   Comparison 1 Iron versus placebo, Outcome 4 Restlessness, Subgroup - iron status at baseline.

Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.4.1 Low or low-normal baseline iron stores  

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 14.51% -0.18[-0.68,0.33]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 15.49% -0.26[-0.64,0.11]

Wang 2009 11 -10.3 (7.4) 7 -1.1 (5.6) 9.85% -1.29[-2.35,-0.23]

Subtotal *** 99   89   39.85% -0.37[-0.81,0.07]

Heterogeneity: Tau2=0.07; Chi2=3.62, df=2(P=0.16); I2=44.69%  

Test for overall effect: Z=1.67(P=0.1)  

   

1.4.2 Unselected for baseline iron measures  

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 13.59% -0.64[-1.26,-0.02]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 14.64% -0.17[-0.66,0.32]

Deng 2016 16 -7.4 (2) 16 -0.8 (2.6) 10.3% -2.77[-3.78,-1.77]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 10.72% 0.22[-0.73,1.17]

Sloand 2004 11 -3.3 (2.5) 14 -0.3 (0.8) 10.9% -1.63[-2.56,-0.7]

Subtotal *** 94   88   60.15% -0.95[-1.85,-0.06]

Heterogeneity: Tau2=0.87; Chi2=28.35, df=4(P<0.0001); I2=85.89%  

Test for overall effect: Z=2.08(P=0.04)  

   

Total *** 193   177   100% -0.74[-1.26,-0.23]

Heterogeneity: Tau2=0.41; Chi2=34.71, df=7(P<0.0001); I2=79.83%  

Test for overall effect: Z=2.83(P=0)  

Test for subgroup differences: Chi2=1.29, df=1 (P=0.26), I2=22.34%  

Favours iron 52.5-5 -2.5 0 Favours placebo

 
 

Analysis 1.5.   Comparison 1 Iron versus placebo, Outcome 5 Restlessness, Subgroup - intravenous versus oral iron.

Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.5.1 Oral iron  

Wang 2009 11 -10.3 (7.4) 7 -1.1 (5.6) 9.85% -1.29[-2.35,-0.23]

Subtotal *** 11   7   9.85% -1.29[-2.35,-0.23]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.39(P=0.02)  

   

1.5.2 Intravenous iron  

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 13.59% -0.64[-1.26,-0.02]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 14.64% -0.17[-0.66,0.32]

Deng 2016 16 -7.4 (2) 16 -0.8 (2.6) 10.3% -2.77[-3.78,-1.77]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 10.72% 0.22[-0.73,1.17]

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 14.51% -0.18[-0.68,0.33]

Sloand 2004 11 -3.3 (2.5) 14 -0.3 (0.8) 10.9% -1.63[-2.56,-0.7]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 15.49% -0.26[-0.64,0.11]

Subtotal *** 182   170   90.15% -0.68[-1.23,-0.14]

Heterogeneity: Tau2=0.41; Chi2=32.35, df=6(P<0.0001); I2=81.45%  

Test for overall effect: Z=2.46(P=0.01)  

   

Total *** 193   177   100% -0.74[-1.26,-0.23]

Heterogeneity: Tau2=0.41; Chi2=34.71, df=7(P<0.0001); I2=79.83%  

Favours iron 52.5-5 -2.5 0 Favours placebo
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Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=2.83(P=0)  

Test for subgroup differences: Chi2=1, df=1 (P=0.32), I2=0%  

Favours iron 52.5-5 -2.5 0 Favours placebo

 
 

Analysis 1.6.   Comparison 1 Iron versus placebo, Outcome 6
Restlessness, Subgroup - iron sucrose versus ferric carboxymaltose.

Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.6.1 Iron sucrose  

Deng 2016 16 -7.4 (2) 16 -0.8 (2.6) 12.64% -2.77[-3.78,-1.77]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 13.2% 0.22[-0.73,1.17]

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 18.47% -0.18[-0.68,0.33]

Subtotal *** 56   54   44.31% -0.88[-2.48,0.72]

Heterogeneity: Tau2=1.81; Chi2=23.47, df=2(P<0.0001); I2=91.48%  

Test for overall effect: Z=1.08(P=0.28)  

   

1.6.2 Ferric carboxymaltose  

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 17.15% -0.64[-1.26,-0.02]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 18.66% -0.17[-0.66,0.32]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 19.89% -0.26[-0.64,0.11]

Subtotal *** 115   102   55.69% -0.31[-0.57,-0.04]

Heterogeneity: Tau2=0; Chi2=1.46, df=2(P=0.48); I2=0%  

Test for overall effect: Z=2.22(P=0.03)  

   

Total *** 171   156   100% -0.55[-1.09,0]

Heterogeneity: Tau2=0.36; Chi2=25.78, df=5(P<0.0001); I2=80.6%  

Test for overall effect: Z=1.96(P=0.05)  

Test for subgroup differences: Chi2=0.48, df=1 (P=0.49), I2=0%  

Favours iron 52.5-5 -2.5 0 Favours placebo

 
 

Analysis 1.7.   Comparison 1 Iron versus placebo, Outcome 7
Restlessness, Sensitivity analysis - excluding studies at high risk of bias.

Study or subgroup Iron Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Allen 2011 24 -8.9 (8.5) 19 -4 (6.1) 15.25% -0.64[-1.26,-0.02]

Cho 2016 32 -8.4 (7.7) 32 -7.2 (6.3) 18.3% -0.17[-0.66,0.32]

Earley 2009 11 -10.1 (5.1) 7 -12 (11.5) 9.43% 0.22[-0.73,1.17]

Grote 2009 29 -8.7 (7.9) 31 -7.3 (7.7) 17.88% -0.18[-0.68,0.33]

Sloand 2004 11 -3.3 (2.5) 14 -0.3 (0.8) 9.72% -1.63[-2.56,-0.7]

Trenkwalder 2017 59 -7.7 (10.1) 51 -5.2 (8.7) 21.3% -0.26[-0.64,0.11]

Wang 2009 11 -10.3 (7.4) 7 -1.1 (5.6) 8.12% -1.29[-2.35,-0.23]

   

Total *** 177   161   100% -0.46[-0.82,-0.1]

Heterogeneity: Tau2=0.12; Chi2=13.64, df=6(P=0.03); I2=56%  

Test for overall effect: Z=2.49(P=0.01)  

Favours iron 42-4 -2 0 Favours placebo
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Analysis 1.8.   Comparison 1 Iron versus placebo, Outcome 8 Quality of life (dichotomous measure).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Davis 2000 7/8 8/13 69.84% 1.42[0.86,2.35]

Wang 2009 7/11 1/7 30.16% 4.45[0.69,28.87]

   

Total (95% CI) 19 20 100% 2.01[0.54,7.45]

Total events: 14 (Experimental), 9 (Control)  

Heterogeneity: Tau2=0.57; Chi2=2.18, df=1(P=0.14); I2=54.11%  

Test for overall effect: Z=1.04(P=0.3)  

Favours placebo 200.05 50.2 1 Favours iron

 
 

Analysis 1.9.   Comparison 1 Iron versus placebo, Outcome 9 Change in quality of life (continuous measure).

Study or subgroup Experimental Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Cho 2016 32 15.8 (18.8) 32 9.6 (19.8) 52.11% 0.32[-0.18,0.81]

Davis 2000 8 13.5 (13.5) 13 1.7 (16.9) 15.2% 0.72[-0.19,1.63]

Allen 2011 24 56.5 (49.1) 19 19.5 (51.7) 32.69% 0.72[0.1,1.35]

   

Total *** 64   64   100% 0.51[0.15,0.87]

Heterogeneity: Tau2=0; Chi2=1.24, df=2(P=0.54); I2=0%  

Test for overall effect: Z=2.81(P=0)  

Favours placebo 21-2 -1 0 Favours iron

 
 

Analysis 1.10.   Comparison 1 Iron versus placebo, Outcome 10 Withdrew to
use other RLS medication or because of inadequate RLS symptom control.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Allen 2011 0/24 0/19   Not estimable

Cho 2016 3/32 1/32 7.09% 3[0.33,27.33]

Davis 2000 5/8 11/13 31.99% 0.74[0.41,1.33]

Deng 2016 0/16 0/16   Not estimable

Earley 2009 6/11 3/7 20.96% 1.27[0.46,3.5]

Grote 2009 5/29 19/31 24.84% 0.28[0.12,0.65]

Sloand 2004 0/11 1/14 3.9% 0.42[0.02,9.34]

Trenkwalder 2017 4/59 2/51 11.21% 1.73[0.33,9.05]

Wang 2009 0/11 0/7   Not estimable

   

Total (95% CI) 201 190 100% 0.77[0.41,1.47]

Total events: 23 (Experimental), 37 (Control)  

Heterogeneity: Tau2=0.25; Chi2=8.83, df=5(P=0.12); I2=43.38%  

Test for overall effect: Z=0.78(P=0.43)  

Favours iron 100.1 50.2 20.5 1 Favours placebo
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Analysis 1.11.   Comparison 1 Iron versus placebo, Outcome 11 Change in subjective sleep quality.

Study or subgroup Favors Iron Favors Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Allen 2011 24 75.8 (79) 19 35.1 (75.2) 33.54% 0.52[-0.1,1.13]

Cho 2016 32 2.6 (3.9) 32 2.1 (3.8) 49.5% 0.13[-0.36,0.62]

Davis 2000 8 -8.2 (13.5) 13 -3.7 (16.9) 16.96% -0.27[-1.16,0.61]

   

Total *** 64   64   100% 0.19[-0.18,0.56]

Heterogeneity: Tau2=0.01; Chi2=2.21, df=2(P=0.33); I2=9.45%  

Test for overall effect: Z=1(P=0.32)  

Favours placebo 21-2 -1 0 Favours iron

 
 

Analysis 1.12.   Comparison 1 Iron versus placebo, Outcome 12 Change in PLMS.

Study or subgroup Favours ex-
perimental

Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Allen 2011 23 -7.6 (13) 19 -4.6 (17.1) 70.85% -0.2[-0.81,0.41]

Earley 2009 11 -24.8 (89.4) 7 -11.7 (32.9) 29.15% -0.17[-1.12,0.78]

   

Total *** 34   26   100% -0.19[-0.7,0.32]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=0.72(P=0.47)  

Favours iron 21-2 -1 0 Favours placebo

 
 

Analysis 1.13.   Comparison 1 Iron versus placebo, Outcome 13 Adverse events.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Deng 2016 0/16 0/16   Not estimable

Allen 2011 10/24 9/19 21.67% 0.88[0.45,1.72]

Grote 2009 18/29 14/31 29.6% 1.37[0.85,2.22]

Sloand 2004 10/11 8/14 29.14% 1.59[0.97,2.6]

Trenkwalder 2017 16/58 7/52 17.38% 2.05[0.92,4.59]

Davis 2000 9/14 0/14 2.21% 19[1.21,297.89]

   

Total (95% CI) 152 146 100% 1.48[0.97,2.25]

Total events: 63 (Experimental), 38 (Control)  

Heterogeneity: Tau2=0.09; Chi2=7.22, df=4(P=0.12); I2=44.57%  

Test for overall effect: Z=1.83(P=0.07)  

Favours iron 100.1 50.2 20.5 1 Favours placebo
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Analysis 1.14.   Comparison 1 Iron versus placebo, Outcome 14 Gastrointestinal side e:ects.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Allen 2011 5/24 2/19 17.91% 1.98[0.43,9.1]

Cho 2016 1/32 1/32 5.6% 1[0.07,15.3]

Davis 2000 5/14 0/14 5.29% 11[0.67,181.83]

Deng 2016 0/16 0/16   Not estimable

Earley 2009 5/11 0/7 5.5% 7.33[0.47,115.1]

Grote 2009 2/29 3/31 14.15% 0.71[0.13,3.96]

Sloand 2004 2/11 3/14 16.16% 0.85[0.17,4.23]

Trenkwalder 2017 7/58 5/52 35.4% 1.26[0.42,3.71]

   

Total (95% CI) 195 185 100% 1.44[0.76,2.75]

Total events: 27 (Experimental), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=5.04, df=6(P=0.54); I2=0%  

Test for overall effect: Z=1.11(P=0.27)  

Fewer in iron 1000.01 100.1 1 Fewer in placebo

 
 

Analysis 1.15.   Comparison 1 Iron versus placebo, Outcome 15 Drop out due to adverse event.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Allen 2011 0/24 0/19   Not estimable

Cho 2016 0/32 0/32   Not estimable

Davis 2000 3/14 0/14 21.5% 7[0.39,124.14]

Deng 2016 0/16 0/16   Not estimable

Earley 2009 0/11 0/7   Not estimable

Grote 2009 3/29 1/31 36.54% 3.21[0.35,29.11]

Sloand 2004 0/11 1/14 18.39% 0.42[0.02,9.34]

Trenkwalder 2017 1/59 1/51 23.57% 0.86[0.06,13.47]

Wang 2009 0/11 0/7   Not estimable

   

Total (95% CI) 207 191 100% 1.91[0.5,7.26]

Total events: 7 (Experimental), 3 (Control)  

Heterogeneity: Tau2=0; Chi2=2.25, df=3(P=0.52); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

Favours iron 1000.01 100.1 1 Favours placebo

 
 

Comparison 2.   Iron versus dopamine agonist

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in IRLS severity scale
score

1 30 Mean Difference (IV, Random,
95% CI)

-0.40 [-5.93, 5.13]

2 Change in subjective sleep quali-
ty

1 30 Mean Difference (IV, Random,
95% CI)

-1.80 [-3.89, 0.29]
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Analysis 2.1.   Comparison 2 Iron versus dopamine agonist, Outcome 1 Change in IRLS severity scale score.

Study or subgroup Iron Dopamine agonist Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Lee 2014 15 -9.1 (7.1) 15 -8.7 (8.3) 100% -0.4[-5.93,5.13]

   

Total *** 15   15   100% -0.4[-5.93,5.13]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.14(P=0.89)  

Favours iron 105-10 -5 0 Favours dopamine agonist

 
 

Analysis 2.2.   Comparison 2 Iron versus dopamine agonist, Outcome 2 Change in subjective sleep quality.

Study or subgroup Favors iron Favors dopamine
agonist

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Lee 2014 15 1.2 (2.6) 15 3 (3.2) 100% -1.8[-3.89,0.29]

   

Total *** 15   15   100% -1.8[-3.89,0.29]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.69(P=0.09)  

Favours iron 52.5-5 -2.5 0 Favours dopamine agonist
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A D D I T I O N A L   T A B L E S

Study Measure of
restlessness

Comparator IV or oral iron Type of iron Baseline iron status Study popu-
lation

(if RLS plus
another con-
dition)

Time of as-
sessment
used

Allen 2011 IRLS Placebo IV Ferric carboxy-
maltose

Not an inclusion/exclusion criterion

(unless > 300 ng/mL); mean ferritin 40.6 ng/mL

  23 days

Cho 2016 IRLS Placebo IV Ferric carboxy-
maltose

Not an inclusion/exclusion criterion

(unless > 300 ng/mL); mean ferritin 61.4 ng/mL

  4 weeks

Davis 2000 Not measured Placebo Oral Ferrous sulfate Excluded if haemoglobin < 10 g/dL; mean fer-
ritin 117.7 ng/mL

  12-14 weeks

Deng 2016 IRLS Placebo IV Iron sucrose For inclusion, serum ferritin < 200 ng/mL and
transferrin saturation < 20%

Uremia on
haemodialy-
sis at least 1
year

2 weeks

Earley 2009 IRLS Placebo IV Iron sucrose Excluded if haemoglobin < 12 d/dL; mean fer-
ritin 75.2 ng/mL

  2 weeks

Grote 2009 IRLS Placebo IV Iron sucrose For inclusion, serum ferritin < 45 ng/mL   3 weeks

Lee 2014 IRLS Pramipexole Oral Ferrous sulfate For inclusion, serum ferritin 15-50 ng/mL   12 weeks

Sloand 2004 University of
Rochester

Placebo IV Iron dextrose Not an inclusion/exclusion criterion; median
ferritin 136.3 ng/mL

End-stage re-
nal disease

on dialysis

2 weeks

Trenkwalder
2017

IRLS Placebo IV Ferric carboxy-
maltose

For inclusion, serum ferritin < 75 ng/mL or both
ferritin 75-300 ng/mL and transferrin saturation
< 20%

  4 weeks

Wang 2009 IRLS Placebo Oral Ferrous sulfate For inclusion, serum ferritin 15-75 ng/mL   12 weeks

Table 1.   Key study characteristics 

IRLS: International Restless Legs Scale
IV: intravenous
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A P P E N D I C E S

Appendix 1. Search Strategy

Our MEDLINE search used the following strategy:

1 RANDOMIZED CONTROLLED TRIAL

2 CONTROLLED CLINICAL TRIAL

3 RANDOMIZED

4 PLACEBO

5 DRUG THERAPY

6 RANDOMLY

7 TRIAL

8 GROUPS

9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8

10 animals not (humans and animals)

11 #9 not #10

12 IRON

13 IRON COMPOUNDS

14 IRON-DEXTRAN COMPLEX

15 FERROUS COMPOUNDS

16 IRON, DIETARY

17 FERROUS SULFATE

18 FERROUS GLUCONATE

19 FERROUS FUMARATE

20 IRON SUCROSE

21 FERRIC GLUCONATE

22 IRON DEXTRAN

23 FERRIC CARBOXYMALTOSE

24 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23

25 RESTLESS LEGS SYNDROME

26 NOCTURNAL MYOCLONUS SYNDROME

27 PERIODIC LIMB MOVEMENT*

28 PERIODIC LEG MOVEMENT*

29 EKBOM* and SYNDROME

30 PARASITOSIS

31 #29 not #30
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32 RESTLESS LEG*

33 NOCTURNAL MYOCLONUS

34 PSYCHOMOTOR AGITATION

35 AKATH*

36 WILLIS-EKBOM DISEASE

37 #25 or #26 or #27 or #28 or #31 or #32 or #33 or #34 or #35 or #36

38 #11 and #24 and #37

W H A T ' S   N E W

 

Date Event Description

3 May 2018 New citation required and conclusions
have changed

Updated search, addition of four new studies. Conclusion
changed to support a benefit of iron for restless legs syndrome
(RLS).
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We did not construct a funnel plot because we identified fewer than 10 studies for inclusion. We did not prespecify GRADE analyses, but
we added them at the suggestion of the reviewers. The title of the original protocol and first version of this review was "Iron for restless
legs syndrome," which was updated for this review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Dopamine Agonists  [adverse eHects]  [therapeutic use];  Ferric Compounds  [adverse eHects]  [therapeutic use];  Ferric Oxide,
Saccharated  [adverse eHects]  [therapeutic use];  Ferrous Compounds  [adverse eHects]  [therapeutic use];  Iron  [adverse eHects]
 [*therapeutic use];  Maltose  [adverse eHects]  [analogs & derivatives]  [therapeutic use];  Patient Dropouts  [statistics & numerical data];
  Pramipexole  [adverse eHects]  [therapeutic use];  Quality of Life;  Randomized Controlled Trials as Topic;  Restless Legs Syndrome
 [*therapy];  Trace Elements  [adverse eHects]  [*therapeutic use];  Treatment Outcome
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MeSH check words

Humans
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