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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Restless leg syndrome (RLS) affects 20-57% 

of hemodialysis patients, yet pharmacological options remain 
limited due to renal dysfunction. This network meta-analysis 
analyzed multiple non-pharmacological interventions for RLS 
management in hemodialysis patients.

Methods: This study systematically searched PubMed, Web 
of Science, and Cochrane databases for randomized controlled 
trials (RCTs) evaluating aromatherapy massage, reflexology, 
stretching, or combined interventions for RLS in hemodialysis 
patients. It measured RLS severity, the primary outcome, using 
the International RLS Study Group Rating Scale. Further, it 
performed frequentist network meta-analysis with standardized 
mean differences (SMD) and calculated surface under the 
cumulative ranking curve (SUCRA) scores. Evidence certainty 
was evaluated using the GRADE framework, and risk of bias 
was assessed using Cochrane RoB 2.0.

Results: Eight RCTs (589 participants, 11 interventions) were 
included. Combined aromatherapy-reflexology ranked highest 
(SUCRA 92.3%, SMD vs. control: -3.54 [95% CI: -4.52, -2.55]), 
followed by stretching (SUCRA 87.4%, SMD: -3.29 [-4.07, 
-2.51]) and olive oil massage (SUCRA 78.0%, SMD: -3.01 
[-4.02, -2.01]). The top ranking for combined aromatherapy-
reflexology rests on a single trial (Ghasemi et al., 2021; n=35 
per group) and an indirect network comparison, with GRADE 
certainty rated very low. All active interventions demonstrated 
significant superiority over control. Significant heterogeneity 
existed (I²=76-93%), and all studies showed a high risk of bias 
in outcome measurement.

Conclusions: Combined aromatherapy-reflexology ranked 
highest in the network meta-analysis, but this result rests on 
one small trial (n=35) and an indirect comparison, so it should 
be read as hypothesis-generating rather than confirmatory. 
All included trials were conducted in Iran, which limits how 
far the findings can be extrapolated to other settings. Future 
rigorously designed, adequately powered trials with blinded 
outcome assessment are especially needed to establish definitive 
treatment recommendations.

Key words. Restless legs syndrome, hemodialysis, 
aromatherapy, reflexology, stretching exercises, non-
pharmacological interventions, network meta-analysis.

Introduction.
Chronic kidney disease (CKD) affects roughly 700 million 

people worldwide, and hemodialysis remains the standard 
treatment for those who progress to end-stage renal disease [1]. 
Patients on maintenance dialysis carry a heavy symptom load: 
around 70% report fatigue, and quality of life is substantially 
reduced [2]. One uremic complication that is both common 
and easy to miss in this population is restless legs syndrome 
(RLS), affecting 20-57% of hemodialysis patients compared 
with 5-10% of the general population. RLS is a sensorimotor 
disorder: patients describe an urge to move the legs, often with 
uncomfortable sensations that build at rest and in the evening, 
and it tends to fragment sleep and disrupt the circadian rhythm 
[3,4].

The consequences of RLS go beyond poor sleep. One study 
found that hemodialysis patients with RLS had nearly twice 
the rate of cardiovascular events as those without (18.8% vs 
8.6%), along with worse depression scores and worse daytime 
functioning [3]. RLS in this population also tracks with cardiac 
autonomic dysfunction, including lower heart rate variability 
and higher sympathetic activity, both of which scale with 
symptom severity [5]. Recognition is poor: only 27.7% of 
affected patients are aware of the diagnosis, and most cases go 
undetected in routine practice [3].

Treating RLS in hemodialysis patients is harder than treating 
it in the general population. The biology involves several 
overlapping problems: brain iron deficiency, disturbed 
dopaminergic signalling, and build-up of uremic toxins, all 
sitting on top of the altered drug handling that comes with renal 
failure. Standard first-line drugs, dopamine agonists and α2δ 
ligands, run into specific problems here. Long-term dopamine 
agonist use can produce augmentation, where symptoms 
paradoxically worsen, and both classes raise concerns about 
drug accumulation and adverse effects when renal clearance 
is reduced. These limitations have pushed interest toward non-
pharmacological options, which may be safer in this group [6].

Several complementary therapies have shown some promise 
for hemodialysis-related symptoms. Systematic reviews report 
that aromatherapy can reduce anxiety, fatigue, and pain in this 
population [7], and reflexology has shown a large effect on sleep 
quality (Hedges' g = -1.37) across a range of clinical conditions 
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[8]. What is missing is a clear comparison of these interventions 
specifically for RLS in hemodialysis patients, which makes 
evidence-based treatment selection difficult.

The present systematic review and network meta-analysis was 
designed to fill that gap. We compared non-pharmacological 
interventions (aromatherapy, reflexology, stretching, and 
combinations of these) for RLS in hemodialysis patients. The 
aim was to bring together the available randomised controlled 
trial evidence, run direct and indirect comparisons in a single 
network, rank the interventions by efficacy, and grade the 
certainty of the evidence using GRADE. The intent throughout 
was practical: to give nephrologists a clearer basis for choosing 
among non-pharmacological options in a population where drug 
therapy is often constrained.
Materials and Methods.
Protocol Registration and Reporting:

This systematic review and network meta-analysis was 
conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 2020 
statement guidelines [9]. The review protocol was prospectively 
registered with the International Prospective Register of 
Systematic Reviews (PROSPERO: CRD420251058854) prior 
to study commencement. No modifications were made to the 
protocol following registration.
Eligibility Criteria:

This review included RCTs that evaluated the efficacy of 
aromatherapy massage, reflexology, stretching exercises, or 
combined non-pharmacological interventions for RLS in adult 
patients (aged ≥18 years) undergoing maintenance hemodialysis. 
Eligible interventions included any form of massage therapy 
with or without essential oils, foot or body reflexology, 
stretching exercises, or hybrid approaches combining multiple 
modalities. Furthermore, studies were required to have a control 
group receiving either routine care, placebo interventions, or 
sham procedures. The primary outcome of this review was RLS 
severity assessed using validated instruments, specifically the 
International Restless Legs Syndrome Study Group (IRLSSG) 
Rating Scale. Besides, this review excluded studies that were 
non-randomized, did not report quantitative RLS severity 
outcomes, focused on peritoneal dialysis or non-dialysis CKD 
populations, or were published only as conference abstracts 
without full-text availability.
Information Sources and Search Strategy:

This review conducted a comprehensive literature search 
across three major electronic databases, namely, PubMed/
MEDLINE, Web of Science, and the Cochrane Central Register 
of Controlled Trials (CENTRAL). The search was executed 
from the inception of the database up to October 9, 2025, with 
no language restrictions imposed. The search strategy employed 
a combination of Medical Subject Headings (MeSH) terms and 
free-text keywords related to hemodialysis, RLS, aromatherapy, 
reflexology, massage therapy, and complementary interventions. 
In addition, this review manually examined the reference lists 
of included studies and relevant systematic reviews to identify 
any studies that the electronic search may have missed. No 

grey literature and unpublished studies were actively sought for 
inclusion.
Study Selection and Data Extraction:

Two independent reviewers screened all titles and abstracts 
identified through the database searches against the predetermined 
eligibility criteria. Full-text articles of potentially eligible 
studies were then retrieved and assessed independently by the 
same reviewers. Any disagreements regarding the inclusion of 
studies were resolved through discussion and consensus, with 
involvement of a third reviewer when necessary. Subsequently, 
data extraction was performed independently by two reviewers 
using a standardized data extraction form. The extracted 
information included study characteristics (author, year, 
country, design, registration number), participant demographics 
(sample size, age, gender distribution, dialysis vintage), 
intervention details (type, duration, frequency, session length, 
specific oils or techniques used), control group characteristics, 
and outcome data (baseline and post-intervention RLS severity 
scores with measures of variability). When data were unclear 
or missing, this review attempted to contact the authors of the 
included studies via email for further clarification, although no 
additional data were ultimately obtained through this process.
Risk of Bias Assessment:

The methodological quality of included studies was 
independently assessed by two reviewers using the Cochrane 
Risk of Bias tool version 2 (RoB 2.0). This tool evaluates bias 
across five domains: randomization process, deviations from 
intended interventions, missing outcome data, measurement of 
the outcome, and selection of the reported result. Each domain 
was rated as having low risk, some concerns, or high risk of 
bias. The overall risk of bias judgment was assigned based on 
the most severe rating across domains. Given the nature of the 
interventions, this review provided distinct attention to potential 
performance and detection bias arising from the inability to 
blind participants and outcome assessors to treatment allocation 
in studies assessing subjective, patient-reported outcomes. 
Also, it resolved inter-rater disagreements through discussion 
and consensus.
Outcome Measures and Effect Size Calculation:

The primary outcome was change in RLS severity from 
baseline to post-intervention, measured using the IRLSSG 
Rating Scale, a validated 10-item questionnaire with scores 
ranging from 0 to 40, where higher scores indicate more severe 
symptoms. For each included comparison, this study extracted 
or calculated the standardized mean difference (SMD) as the 
primary effect measure, which accounts for differences in 
measurement scales across studies and allows for comparison of 
effect sizes. Further, the SMD was calculated using the pooled 
standard deviation method (Cohen's d), with negative values 
indicating improvement (reduction in RLS severity) favoring 
the intervention group. Notably, effect sizes were interpreted 
according to Cohen's conventions, where absolute SMD values 
of 0.2, 0.5, and 0.8 represent small, moderate, and large effects, 
respectively. All calculations included 95% confidence intervals 
to quantify the precision of effect estimates.



240

Data Synthesis and Network Meta-Analysis:
This review conducted both pairwise meta-analyses for 

direct comparisons and frequentist network meta-analysis to 
enable simultaneous comparison of all interventions through 
direct and indirect evidence. For pairwise meta-analyses, the 
DerSimonian-Laird random-effects model was used, given the 
anticipated clinical and methodological heterogeneity across 
studies. The network meta-analysis was performed using a 
frequentist framework with a graph-theoretical approach, 
treating each intervention as a node in the network and each direct 
comparison as an edge connecting nodes. This approach allows 
estimation of relative treatment effects between interventions 
that have not been directly compared in head-to-head trials by 
using indirect evidence through standard comparators. Further, 
this review assumed consistency (coherence) between direct 
and indirect evidence within the network. Treatment rankings 
were generated using surface under the cumulative ranking 
curve (SUCRA) scores, which range from 0% (worst treatment) 
to 100% (best treatment), providing the probability that each 
intervention ranks at each possible position. League tables were 
constructed to display all pairwise comparisons, with SMDs and 
95% confidence intervals presented for both direct and network 
estimates. All statistical analyses were performed using RStudio 
with R version 4.4.2, with a two-tailed significance level set at 
α = 0.05.

The included studies used three different types of control: 
routine care without any added intervention, sham procedures 
(light non-therapeutic touch), and placebo interventions 
(massage with inert oils such as paraffin or glycerin, without 
active aromatherapy constituents). We kept these as three 
separate nodes in the network rather than pooling them into a 
single control. The clinical reasoning is that the three conditions 
are not interchangeable. Routine care involves no physical 
contact, sham involves contact without therapeutic pressure, and 
placebo massage involves structured contact without an active 
ingredient. Each carries a different level of patient expectation, 
which matters for a subjectively rated outcome. Pooling them 
would mix these effects together and would also break the 
transitivity assumption, since trials of an active intervention 
against control would in fact be testing it against three quite 
different comparators. The data support the separation: the 
three controls produced different SUCRA scores in our analysis 
(8.7%, 3.0%, and 40.5% respectively), which is what one would 
expect if they are clinically distinct. The trade-off of keeping 
them apart is reduced network connectivity for some indirect 
comparisons, most notably for combined aromatherapy-
reflexology, which is compared against the placebo node and 
not against routine care. We accepted that loss of statistical 
power because pooling clinically heterogeneous comparators 
would, in our view, introduce a more serious bias.
Assessment of Heterogeneity:

Statistical heterogeneity in pairwise meta-analyses was 
quantified using Cochran's Q test, the I² statistic, and between-
study variance (τ²). The I² statistic describes the percentage of 
total variation across studies attributable to heterogeneity rather 
than chance, with values of 25%, 50%, and 75% representing 
low, moderate, and high heterogeneity, respectively. This 

review calculated 95% prediction intervals for pooled estimates 
to calculate the expected range of actual effects in future studies 
and estimate the certainty of applying results to different settings. 
Further, it assessed inconsistency (disagreement between direct 
and indirect evidence) for the network meta-analysis, using the 
loop-specific approach when closed loops existed in the network 
geometry. It evaluated global inconsistency using the design-
by-treatment interaction model, with statistical significance 
indicating potential violation of the consistency assumption 
underlying network meta-analysis.
Subgroup and Sensitivity Analyses:

In this review, pre-specified subgroup analyses were conducted 
to explore potential sources of heterogeneity and examine 
whether treatment effects varied according to intervention 
duration (≤3 weeks vs >3 weeks), cumulative session number 
(≤10 sessions vs >10 sessions), and study quality (studies 
with data quality flags vs unclear risk of bias). Between-
subgroup differences were tested using the Q-statistic. Multiple 
sensitivity analyses were performed to assess the significance 
of findings, including exclusion of studies with identified 
data quality concerns (specifically Ghanbari et al. 2022 due to 
anomalously low variance in the sham control group), removal 
of comparisons with extreme effect sizes (absolute SMD >2.0), 
comparison of random-effects versus fixed-effect models, and 
risk of bias-stratified analyses.

Additionally, this review performed univariate meta-
regression analyses for the lavender aromatherapy versus control 
comparison, which included multiple studies. These analyses 
examined whether publication year, intervention duration, 
or number of treatment sessions significantly moderated 
treatment effects, with results presented as regression slopes 
and proportion of variance explained (R²). Besides, the certainty 
of evidence for primary comparisons was evaluated using the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) framework adapted for network meta-
analysis. Evidence was rated as high, moderate, low, or very 
low certainty based on assessment of five domains: risk of bias 
(study limitations), inconsistency (unexplained heterogeneity), 
indirectness (applicability to the target population and setting), 
imprecision (width of confidence intervals and sample size 
adequacy), and publication bias. For network estimates derived 
from indirect comparisons, additional consideration was given 
to intransitivity (differences in study or patient characteristics 
across comparisons that might affect relative treatment effects). 
Evidence was downgraded by one or two levels for serious or 
very serious concerns in each domain.
Results.
Study Selection and Characteristics:

The systematic literature search identified 454 records across 
three databases: PubMed (n=232), Web of Science (n=156), and 
Cochrane Library (n=66). After removing 154 duplicate records, 
300 unique records underwent title and abstract screening, 
resulting in 34 full-text articles retrieved for detailed eligibility 
assessment (Figure 1). Of these, 26 articles were excluded: 23 
did not report RLS as an outcome of interest, and 3 had improper 
study designs that did not meet the inclusion criteria. Ultimately, 
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eight RCTs met all eligibility criteria and were included in this 
systematic review and network meta-analysis, encompassing 
589 participants across 13 pairwise comparisons.

All eight included studies were conducted in Iran and published 
between 2015 and 2022 (Table 1). The study designs included 
six double-blind RCTs, one single-blind RCT, and one standard 
RCT without explicit blinding specification. Five studies 
provided trial registration numbers in recognized registries. 
All eight trials were carried out in Iran, which is a substantial 
limitation for generalizability; we discuss this further in the 
Limitations section. The participants' mean ages ranged from 
48.17 to 57.5 years. Three studies enrolled exclusively female 
participants, while the remaining included mixed-gender 
populations. Mean dialysis vintage varied substantially, from 
2.55 years to 92.19 months. Intervention durations ranged from 
3 to 8 weeks, with treatment frequency predominantly three 
sessions per week and session lengths varying from 10 to 45 
minutes. The total number of sessions delivered ranged from 6 
to 24 across studies. The examined interventions were lavender 
oil aromatherapy massage (four studies, n=113 participants), 

foot reflexology (three studies, n=95), combined aromatherapy 
with reflexology (one study, n=35), stretching exercises (one 
study, n=30), Swedish massage (one study, n=30), glycerin 
oil massage (one study, n=31), sweet orange oil massage (one 
study, n=35), and olive oil massage (one study, n=27). Control 
groups included routine care (five studies, n=146), placebo 
interventions (two studies, n=63), and sham procedures (one 
study, n=30).
Risk of Bias Assessment:

Assessment of methodological quality using the Cochrane Risk 
of Bias tool version 2.0 revealed that all eight included studies 
were rated as high overall risk of bias (Supplementary Table 
1). The primary source of bias was Domain 4 (measurement 
of outcome), where all studies received high risk ratings due 
to the use of participant-reported outcome measures (IRLSSG 
Rating Scale) in contexts where blinding of participants and 
outcome assessors was either not attempted or not achieved. For 
Domain 1 (randomization process), one study (Ghanbari 2022) 
demonstrated a high risk due to inadequate reporting of allocation 
concealment methods. The remaining seven studies showed 

Figure 1. PRISMA flow for the included studies.
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Study Country Design Registration No. Study Arms Sample 
Size (n)

Age (years, 
Mean±SD)

Gender 
(M/F)

Dialysis Vintage 
(Mean±SD) Intervention Type Duration Total 

Sessions Frequency Session 
Length

Amrollahi 
et al., 2022 Iran RCT NR

Lavender 20 55.10±15.37 12/8 89.9±37.05 
months

Effleurage massage with 
lavender oil 4 weeks 12 3/week 30 min

Control 21 57.12±13.67 11/10 92.19±42.9 
months Routine care NA NA NA NA

Ghanbari 
et al., 2022 Iran RCT NR

Reflexology 30 51.66±5.42 17/13 2.55±0.80 years Foot reflexology with baby 
oil 4 weeks 12 3/week 20 min

Swedish 30 51.56±5.24 17/13 2.59±0.78 years Swedish foot massage with 
baby oil 4 weeks 12 3/week 20 min

Sham 30 51.56±5.50 17/13 2.75±0.75 years Simple touch without 
pressing reflexology points 4 weeks 12 3/week 20 min

Ghasemi et 
al., 2021 Iran RCT IRCT20161 

2067529N11

Reflexology 35 52.77±1.58 0/35 5.41±0.48 years Foot reflexology with 
almond oil 8 weeks 24 3/week 35 min

Aromatherapy 35 48.17±1.65 0/35 5.07±0.53 years Reflexology with lavender 
essential oil (hybrid) 8 weeks 24 3/week 35 min

Placebo 35 50.45±1.13 0/35 5.31±0.43 years Relaxing techniques with 
almond oil, no reflex points 8 weeks 24 3/week 35 min

Oshvandi 
et al., 2021 Iran RCT (dou-

ble-blind)
IRCT201707 
1532303N3

Lavender 35 51.87±8.73* NR NR Effleurage massage with 
lavender oil 1.5% 3 weeks 9 3/week 30 min

Sweet Orange 35 51.87±8.73* NR NR Effleurage massage with 
sweet orange oil 1.5% 3 weeks 9 3/week 30 min

Control 35 51.87±8.73* NR NR Routine care NA NA NA NA

Ajorpaz et 
al., 2020 Iran RCT (dou-

ble-blind) NR

Lavender 29 57.5±14.6 11/18 NR Effleurage massage with 
lavender oil 1.5% 4 weeks 12 3/week 45 min

Glycerin 31 56.4±12.4 16/15 NR Effleurage massage with 
glycerin oil 2% 4 weeks 12 3/week 45 min

Control 30 56.10±13.56 17/13 NR Routine care NA NA NA NA

Nasiri et 
al., 2019 Iran

RCT (dou-
ble-blind, 
placebo-
controlled)

IRCT201308 
03014251N7

Olive Oil 27 50.55±11.07 12/15 NR Light pressure stroking 
with olive oil 3 weeks 6 2/week 10 min

Placebo 28 53.71±11.55 16/12 NR Massage with liquid 
paraffin 3 weeks 6 2/week 10 min

Shahgho-
lian et al., 
2016

Iran RCT NIRCT 201 
4040717159

Reflexology 30 55.45±12.08* NR 35.34±29.01 
months* Foot reflexology 4 weeks 12 3/week 30-40 min

Stretching 30 55.45±12.08* NR 35.34±29.01 
months* Stretching exercises 4 weeks 12 3/week 30-40 min

Control 30 55.45±12.08* NR 35.34±29.01 
months* Routine interventions NA NA NA NA

Hashemi et 
al., 2015 Iran

RCT 
(single-
blind)

IRCT2014 
102214086N5

Lavender 29 57.5±14.6 11/18 3.78±0.25 years Effleurage massage with 
lavender oil 1.5% 3 weeks 6 2/week 10 min

Control 30 56.10±13.56 17/13 3.82±0.32 years Routine hemodialysis 
without massage NA NA NA NA

Table 1. Comprehensive Characteristics of Included Studies: Study Details, Participant Demographics, and Intervention Protocols.

Notes: *Overall study mean (not reported per group). Abbreviations: RCT, randomized controlled trial; NR, not reported; M, male; F, female; NA, not applicable; SD, standard deviation
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Study Intervention vs Control Sample Size (n) Baseline RLS Score 
(Mean±SD)

Post-Intervention RLS 
Score (Mean±SD)

Mean Difference 
(MD)

Standardized Mean 
Difference (SMD)

95% Confidence 
Interval

Int / Ctrl Intervention / Control Intervention / Control
Amrollahi et al., 2022 Lavender vs Control 20 / 21 25.36±6.98 / 24.90±7.35 9.40±7.44 / 23.30±6.73 -13.90 -1.959 -2.704 to -1.215
Ghanbari et al., 2022 Reflexology vs Sham 30 / 30 19.90±0.92 / 20.13±0.97 6.80±5.95 / 19.46±0.89 -12.66 -2.976 -3.711 to -2.241
Ghanbari et al., 2022 Swedish vs Sham 30 / 30 20.03±0.96 / 20.13±0.97 14.60±5.92 / 19.46±0.89 -4.86 -1.148 -1.694 to -0.602
Ghasemi et al., 2021 Reflexology vs Placebo 35 / 35 19.77±3.05 / 20.43±4.57 16.80±5.36 / 19.51±2.90 -2.71 -0.629 -1.109 to -0.149
Ghasemi et al., 2021 Aroma+Reflex vs Placebo 35 / 35 21.71±4.51 / 20.43±4.57 13.20±4.88 / 19.51±2.90 -6.31 -1.571 -2.107 to -1.035
Oshvandi et al., 2021 Lavender vs Control 35 / 35 21.51±6.37 / 20.40±6.76 3.85±2.80 / 21.22±6.50 -17.37 -3.471 -4.213 to -2.729
Oshvandi et al., 2021 Sweet Orange vs Control 35 / 35 22.08±5.62 / 20.40±6.76 10.97±3.92 / 21.22±6.50 -10.25 -1.910 -2.475 to -1.344
Ajorpaz et al., 2020 Lavender vs Control 29 / 30 24.09±5.34 / 22.90±4.38 9.54±4.64 / 23.91±4.28 -14.37 -3.219 -3.993 to -2.446
Ajorpaz et al., 2020 Glycerin vs Control 31 / 30 22.41±7.67 / 22.90±4.38 12.41±5.49 / 23.91±4.28 -11.50 -2.336 -2.987 to -1.685
Nasiri et al., 2019 Olive Oil vs Placebo 27 / 28 22.62±5.98 / 24.17±6.50 14.77±5.90 / 20.78±5.54 -6.01 -1.050 -1.614 to -0.486
Shahgholian et al., 2016 Reflexology vs Control 30 / 30 27.00±6.20 / 26.80±6.30 12.50±6.30 / 28.43±5.98 -15.93 -2.594 -3.280 to -1.907
Shahgholian et al., 2016 Stretching vs Control 30 / 30 26.90±7.90 / 26.80±6.30 11.06±4.48 / 28.43±5.98 -17.37 -3.288 -4.064 to -2.512
Hashemi et al., 2015 Lavender vs Control 29 / 30 22.41±7.67 / 22.90±4.38 12.41±5.49 / 23.23±4.52 -10.82 -2.152 -2.793 to -1.510
Notes: RLS severity assessed using International Restless Legs Syndrome Study Group (IRLSSG) Rating Scale (range 0-40, higher scores indicate more severe symptoms); negative MD and SMD values indicate 
improvement (reduction in RLS severity) favoring intervention group; SMD calculated using pooled standard deviation method; all 95% confidence intervals exclude zero, indicating statistical significance at 
p<0.05. Abbreviations: RLS, restless legs syndrome; Int, intervention group; Ctrl, control group; SD, standard deviation; MD, mean difference; SMD, standardized mean difference; CI, confidence interval; 
Aroma+Reflex, aromatherapy with reflexology (hybrid intervention)

Table 2. Primary Outcome Data: RLS Severity Scores at Baseline and Post-Intervention with Effect Sizes.

Aroma+Reflex Stretching Olive Oil Lavender Reflexology Glycerin Placebo Sweet Orange Swedish Control Sham
Aroma+Reflex 92.3 0.25 (-1.01, 1.50) 0.52 (-0.89, 1.93) 0.85 (-0.37, 2.08) 0.94 (-0.26, 2.14) 1.20 (0.02, 2.38) 1.57 (0.28, 2.86) 1.63 (0.49, 2.76) 2.77 (1.26, 4.28) 3.54 (2.55, 4.52) 3.92 (2.51, 5.32)
Stretching -0.25 (-1.50, 1.01) 87.4 0.27 (-1.00, 1.54) 0.61 (-0.46, 1.68) 0.69 (-0.34, 1.73) 0.95 (-0.06, 1.97) 1.32 (0.18, 2.46) 1.38 (0.42, 2.34) 2.52 (1.14, 3.90) 3.29 (2.51, 4.07) 3.67 (2.40, 4.94)
Olive Oil -0.52 (-1.93, 0.89) -0.27 (-1.54, 1.00) 78.0 0.33 (-0.91, 1.58) 0.42 (-0.79, 1.64) 0.68 (-0.52, 1.88) 1.05 (-0.26, 2.36) 1.10 (-0.05, 2.26) 2.25 (0.73, 3.77) 3.01 (2.01, 4.02) 3.40 (1.98, 4.82)
Lavender -0.85 (-2.08, 0.37) -0.61 (-1.68, 0.46) -0.33 (-1.58, 0.91) 66.9 0.09 (-0.91, 1.09) 0.35 (-0.63, 1.33) 0.72 (-0.39, 1.83) 0.77 (-0.15, 1.70) 1.92 (0.56, 3.27) 2.68 (1.95, 3.42) 3.06 (1.82, 4.31)
Reflexology -0.94 (-2.14, 0.26) -0.69 (-1.73, 0.34) -0.42 (-1.64, 0.79) -0.09 (-1.09, 0.91) 63.5 0.26 (-0.68, 1.20) 0.63 (-0.45, 1.71) 0.68 (-0.20, 1.57) 1.83 (0.50, 3.16) 2.59 (1.91, 3.28) 2.98 (1.76, 4.19)
Glycerin -1.20 (-2.38, -0.02) -0.95 (-1.97, 0.06) -0.68 (-1.88, 0.52) -0.35 (-1.33, 0.63) -0.26 (-1.20, 0.68) 53.1 0.37 (-0.68, 1.43) 0.43 (-0.43, 1.28) 1.57 (0.26, 2.88) 2.34 (1.69, 2.98) 2.72 (1.52, 3.91)
Placebo -1.57 (-2.86, -0.28) -1.32 (-2.46, -0.18) -1.05 (-2.36, 0.26) -0.72 (-1.83, 0.39) -0.63 (-1.71, 0.45) -0.37 (-1.43, 0.68) 40.5 0.05 (-0.95, 1.06) 1.20 (-0.21, 2.61) 1.96 (1.13, 2.80) 2.35 (1.04, 3.65)
Sweet Orange -1.63 (-2.76, -0.49) -1.38 (-2.34, -0.42) -1.10 (-2.26, 0.05) -0.77 (-1.70, 0.15) -0.68 (-1.57, 0.20) -0.43 (-1.28, 0.43) -0.05 (-1.06, 0.95) 37.3 1.14 (-0.13, 2.42) 1.91 (1.35, 2.47) 2.29 (1.14, 3.44)
Swedish -2.77 (-4.28, -1.26) -2.52 (-3.90, -1.14) -2.25 (-3.77, -0.73) -1.92 (-3.27, -0.56) -1.83 (-3.16, -0.50) -1.57 (-2.88, -0.26) -1.20 (-2.61, 0.21) -1.14 (-2.42, 0.13) 19.4 0.77 (-0.38, 1.91) 1.15 (-0.37, 2.67)
Control -3.54 (-4.52, -2.55) -3.29 (-4.07, -2.51) -3.01 (-4.02, -2.01) -2.68 (-3.42, -1.95) -2.59 (-3.28, -1.91) -2.34 (-2.98, -1.69) -1.96 (-2.80, -1.13) -1.91 (-2.47, -1.35) -0.77 (-1.91, 0.38) 8.7 0.38 (-0.62, 1.38)
Sham -3.92 (-5.32, -2.51) -3.67 (-4.94, -2.40) -3.40 (-4.82, -1.98) -3.06 (-4.31, -1.82) -2.98 (-4.19, -1.76) -2.72 (-3.91, -1.52) -2.35 (-3.65, -1.04) -2.29 (-3.44, -1.14) -1.15 (-2.67, 0.37) -0.38 (-1.38, 0.62) 3.0

Table 3. Network Meta-Analysis League Table for Restless Leg Syndrome Treatment Effects in Hemodialysis Patients.

Notes: Lower triangle: SMD (95% CI) for row treatment compared with column treatment (negative values favor row treatment); Upper triangle: SMD (95% CI) for column treatment compared with row treatment 
(negative values favor column treatment); Diagonal (bold): SUCRA scores (0-100%, higher values indicate better treatment ranking); Treatments ordered by SUCRA ranking from best (top-left) to worst (bottom-
right). Abbreviations: SMD, standardized mean difference; CI, confidence interval; SUCRA, surface under the cumulative ranking curve; RLS, restless leg syndrome; Aroma+Reflex, combined aromatherapy and 
reflexology.
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some concerns primarily related to insufficient detail regarding 
randomization sequence generation or allocation concealment 
procedures. All studies demonstrated some concerns in Domain 
2 (deviations from intended interventions) due to the open-label 
nature of non-pharmacological interventions, though no studies 
reported substantial protocol deviations. Domain 3 (missing 
outcome data) was rated as low risk across all studies, with 
minimal attrition and no differential dropout between groups. 
Domain 5 (selection of reported results) raised some concerns 
across all studies due to the absence of prospectively registered 
or published protocols to verify selective outcome reporting.
Primary Outcome: RLS Severity Reduction:

All interventions demonstrated significant reductions in RLS 
severity compared to control groups, with effect sizes ranging 
from moderate to very large (Table 2). Baseline RLS severity 
scores were comparable across intervention and control groups 
within each study, with mean scores ranging from 19.77 to 
27.00 on the IRLSSG Rating Scale. Post-intervention scores 

in active treatment groups decreased substantially, with final 
scores ranging from 3.85 to 16.80, while control group scores 
remained significantly unchanged (range: 19.46 to 28.43). 
Notably, the standardized mean differences (SMDs) for all 
comparisons were negative and statistically significant, with 
95% confidence intervals excluding zero, indicating consistent 
superiority of active interventions over control conditions.

The most pronounced treatment effects were observed for 
lavender aromatherapy massage versus control, with four 
studies contributing data (Figure 2). Oshvandi et al. (2021) 
reported the largest effect (SMD: -3.471, 95% CI: -4.213 to 
-2.729), followed by Ajorpaz et al. (2020) (SMD: -3.219, 95% 
CI: -3.993 to -2.446), Hashemi et al. (2015) (SMD: -2.152, 95% 
CI: -2.793 to -1.510), and Amrollahi et al. (2022) (SMD: -1.959, 
95% CI: -2.704 to -1.215). The random-effects pooled estimate 
for lavender aromatherapy was SMD -2.692 (95% CI: -3.426 to 
-1.959), representing a substantial effect. However, substantial 
heterogeneity was evident (I²=76.1%, τ²=0.426, Q=12.574, 
p=0.006), and the 95% prediction interval was wide (-5.086 to 

Rank Treatment SUCRA (%) Mean Rank P(Best) (%) SMD vs Control (95% CI)
1 Aroma+Reflex 92.3 1.77 55.6 -3.54 (-4.52, -2.55)
2 Stretching 87.4 2.26 27.4 -3.29 (-4.07, -2.51)
3 Olive Oil 78.0 3.20 13.8 -3.01 (-4.02, -2.01)
4 Lavender 66.9 4.31 1.6 -2.68 (-3.42, -1.95)
5 Reflexology 63.5 4.65 0.9 -2.59 (-3.28, -1.91)
6 Glycerin 53.1 5.69 0.1 -2.34 (-2.98, -1.69)
7 Placebo 40.5 6.95 0.0 -1.96 (-2.80, -1.13)
8 Sweet Orange 37.3 7.27 0.0 -1.91 (-2.47, -1.35)
9 Swedish 19.4 9.06 0.0 -0.77 (-1.91, 0.38)
10 Control 8.7 10.13 0.0 0.00 (Reference)
11 Sham 3.0 10.70 0.0 0.38 (-0.62, 1.38)

Table 4. Treatment Rankings Based on Network Meta-Analysis for Restless Leg Syndrome in Hemodialysis Patients.

Notes: Treatments ranked from best (Rank 1) to worst (Rank 11) based on SUCRA scores. Mean rank represents the average ranking position 
across all possible ranking scenarios (lower values indicate better treatments). P(Best) indicates the probability that each treatment is the single 
best option among all comparators. SMD values are relative to Control (routine care); negative values favor the intervention. SUCRA ranges from 
0% (worst) to 100% (best). Abbreviations: SUCRA, surface under the cumulative ranking curve; P(Best), probability of being the best treatment; 
SMD, standardized mean difference; CI, confidence interval; RLS, restless leg syndrome; Aroma+Reflex, combined aromatherapy and reflexology.

Subgroup 
Characteristic Category n Pooled SMD 

(95% CI) τ² I² (%) Q<sub>between</sub> p-value

Intervention Duration
≤3 weeks 4 -2.12 (-3.03, -1.21) 0.757 88.2 0.00 0.945
>3 weeks 9 -2.16 (-2.80, -1.52) 0.844 88.9

Session Number
≤10 sessions 4 -2.12 (-3.03, -1.21) 0.757 88.2 0.00 0.945
>10 sessions 9 -2.16 (-2.80, -1.52) 0.844 88.9

Study Quality
Low quality/data 
flags 2 -2.04 (-3.84, -0.25) 1.562 93.5 0.02 0.900

Unclear risk of bias 11 -2.17 (-2.71, -1.62) 0.748 87.8

Table 5. Subgroup Analyses of Treatment Effects on Restless Leg Syndrome in Hemodialysis Patients.

Notes: All subgroup analyses used random-effects models. Negative SMD values indicate favorable effects (reduction in RLS severity). 
Q<sub>between</sub> tests the statistical significance of differences between subgroups. No significant subgroup differences were detected for 
any characteristic (all p > 0.05). High heterogeneity (I² > 75%) was observed across all subgroups, suggesting substantial variability in treatment 
effects regardless of intervention duration, session number, or study quality. The "Low quality/data flags" category includes the two comparisons 
from Ghanbari et al. (2022) with identified Sham group variance anomalies. Abbreviations: n, number of pairwise comparisons; SMD, standardized 
mean difference; CI, confidence interval; τ², between-study variance; I², percentage of variability due to heterogeneity; Q<sub>between</sub>, 
test statistic for subgroup differences; RLS, restless leg syndrome.
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-0.299), indicating considerable variability in treatment effects 
and crossing the null, which suggests potential for non-benefit 
in some clinical contexts.

Combined aromatherapy with reflexology demonstrated the 
largest mean difference against placebo (SMD: -1.571, 95% CI: 
-2.107 to -1.035), while reflexology alone against sham control 
showed the strongest direct comparison effect (SMD: -2.976, 
95% CI: -3.711 to -2.241). Stretching exercises exhibited a very 
large effect versus control (SMD: -3.288, 95% CI: -4.064 to 
-2.512). Swedish massage against sham demonstrated a more 
moderate, though still favorable, effect (SMD: -1.148, 95% CI: 
-1.694 to -0.602), and olive oil massage versus placebo showed 
a large effect (SMD: -1.050, 95% CI: -1.614 to -0.486).
Network Meta-Analysis: Comparative Effectiveness:

The network geometry comprised 11 treatment nodes 
connected through 10 direct comparisons, forming five closed 
loops across 8 RCTs with 589 total participants (Figure 3). The 
network structure enabled both direct and indirect comparisons 
between all interventions. Control (routine care) served as 
the most frequently used comparator, with 146 participants 
allocated to this arm across multiple studies, followed by 
placebo interventions (n=63) and lavender aromatherapy 
(n=113). The network was well-connected, with all treatments 
linked to the reference comparator either directly or through one 
intermediary node.

Network meta-analysis results for all pairwise comparisons 
are presented in the league table format (Table 3), with 
standardized mean differences and 95% confidence intervals 

displayed for both row versus column comparisons in the 
lower triangle and column versus row comparisons in the 
upper triangle. When compared to the control group, all active 
interventions demonstrated statistically significant benefits, 
with effect estimates ranging from SMD -0.77 (95% CI: -1.91 
to 0.38) for Swedish massage to SMD -3.54 (95% CI: -4.52 to 
-2.55) for combined aromatherapy with reflexology (Figure 
4). Notably, the network estimates revealed that combined 
aromatherapy-reflexology was significantly superior to 
several other interventions, though it showed a nonsignificant 
difference with stretching exercises (SMD: 0.25, 95% CI: -1.01 
to 1.50) The GRADE certainty of evidence was very low for 
every comparison in the network, so the true effects could differ 
from these point estimates by a wide margin.

Direct head-to-head comparisons within the network showed 
reflexology significantly outperformed Swedish massage, while 
combined aromatherapy-reflexology demonstrated superiority 
over placebo. Remarkably, sham interventions performed better 
than Swedish massage but worse than reflexology, suggesting 
that simple touch without targeted pressure application 
provides minimal therapeutic benefit. Besides, sweet orange 
aromatherapy, while significantly better than control (SMD: 
-1.91, 95% CI: -2.47 to -1.35), ranked lower than lavender 
aromatherapy, indicating potential differential efficacy among 
essential oils.
Treatment Rankings:

Treatment rankings based on SUCRA scores revealed a 
clear hierarchy of intervention efficacy (Table 4, Figure 5). 

Figure 2. Forest Plot: Lavender Aromatherapy vs Control for Restless Legs Syndrome.
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Combined aromatherapy with reflexology achieved the highest 
ranking with a SUCRA score of 92.3%, corresponding to a 
mean rank of 1.77 and a 55.6% probability of being the single 
best treatment among all comparators. Stretching exercises got 
second rank (SUCRA 87.4%, mean rank 2.26) with a 27.4% 
probability of being best. In addition, olive oil massage attained 
third rank (SUCRA 78.0%, mean rank 3.20) with a 13.8% 
probability of being best. These three interventions collectively 
accounted for a 96.8% probability that the best treatment resides 
within the top three ranked options. The certainty of evidence 
behind every comparison in this ranking is very low (GRADE), 
so the order should not be taken as a settled answer about which 
treatment is best. The top position is particularly fragile: it 
depends on a single indirect comparison drawn from one trial of 
35 participants per arm (Ghasemi et al., 2021), and a single new 
study could move it up or down by several places.

The SUCRA curves (Figure 5) demonstrated clear separation 
between treatment tiers. The top-performing interventions 
(combined aromatherapy-reflexology, stretching, and olive oil) 
displayed curves approaching the upper-left corner, indicating 
high cumulative probabilities of achieving superior ranks. 
Further, mid-tier interventions included lavender aromatherapy 
(SUCRA 66.9%, rank 4), reflexology alone (SUCRA 63.5%, 
rank 5), and glycerin massage (SUCRA 53.1%, rank 6), all 
maintaining SUCRA scores above 50% and demonstrating 
consistent superiority over the control group. Lower-tier 
interventions comprised placebo (SUCRA 40.5%), sweet 
orange aromatherapy (SUCRA 37.3%), and Swedish massage 
(SUCRA 19.4%). Notably, control and sham interventions 
ranked lowest (SUCRA 8.7% and 3.0%, respectively), with 
near-zero probabilities of being among the better treatment 
options. SUCRA scores give the probability that an intervention 

Figure 3. Network Geometry: Evidence Structure for RLS Interventions in Hemodialysis Patients.
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Figure 4. Network Meta-Analysis: Effect Sizes for All Interventions vs Control.
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occupies a given rank, not the size or certainty of its effect, and 
the certainty of the underlying evidence here is very low across 
all comparisons. The SUCRA tiers should therefore be read as a 
provisional ordering within a weak evidence base.

Besides, network meta-analysis effect estimates relative to 
control showed all active interventions achieved statistically 
significant benefits except Swedish massage (Table 4). The 
SMD point estimates versus control ranged from -3.54 for 
combined aromatherapy-reflexology to -0.77 for Swedish 
massage, with confidence intervals for most interventions 
excluding zero. Swedish massage, however, had a confidence 
interval (95% CI: -1.91 to 0.38) that crossed the null and did not 
achieve statistical significance in the network estimate, despite 
the direct comparison showing benefit.
Heterogeneity and Subgroup Analyses:

The primary analysis of 13 pairwise comparisons demonstrated 
substantial heterogeneity, with a pooled SMD of -2.148 (95% 
CI: -2.653 to -1.643) under random-effects modeling, I²=88.1%, 
and τ²=0.753 (Table 5). This high I² value indicates that 88.1% of 
observed variance in treatment effects reflected true heterogeneity 
rather than sampling error, suggesting considerable variability 
in intervention effectiveness across studies and settings. The 
between-study variance (τ²=0.753) was substantial relative to 

the pooled effect magnitude, further confirming heterogeneous 
treatment responses. Subgroup analyses examining potential 
effect modifiers revealed no statistically significant differences 
between categories. Remarkably, interventions with duration ≤3 
weeks (4 comparisons) yielded a pooled SMD of -2.12 (95% 
CI: -3.03 to -1.21, I²=88.2%), while interventions >3 weeks 
(9 comparisons) produced an SMD of -2.16 (95% CI: -2.80 to 
-1.52, I²=88.9%), with no between-group difference (Q=0.00, 
p=0.945). Similarly, session number stratification (≤10 sessions 
versus >10 sessions) showed nearly identical pooled estimates 
and no significant heterogeneity explained by this variable. 
Study quality stratification comparing low-quality studies with 
data flags (2 comparisons from Ghanbari 2022) versus studies 
with unclear risk of bias (11 comparisons) also revealed no 
significant difference (Q=0.02, p=0.900), with SMDs of -2.04 
and -2.17, respectively. High heterogeneity (I²>75%) persisted 
across all subgroups, indicating that intervention duration, 
treatment intensity, and study quality did not substantially 
explain the observed variability in treatment effects.
Sensitivity Analyses and Meta-Regression:

Multiple sensitivity analyses were conducted to assess the 
robustness of primary findings (Supplementary Table 2). 
Exclusion of the Ghanbari 2022 study, which demonstrated 

Figure 5. SUCRA Curves: Treatment Ranking Probabilities for RLS Interventions.
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anomalously low variance in the sham control group (SD=0.89, 
approximately 5.7-fold smaller than the mean SD of other 
control groups), resulted in a pooled SMD of -2.171 (95% CI: 
-2.724 to -1.617) across 11 comparisons, representing a minimal 
change of -0.023 (1.1%) from the primary analysis. This 
outcome suggests that the identified data quality concern did 
not substantially influence overall conclusions. However, when 
excluding all comparisons with extreme effect sizes (absolute 
SMD >2.0), which removed seven comparisons including the 
most favorable results, the pooled estimate decreased markedly 
to SMD -1.294 (95% CI: -1.520 to -1.067), representing a 
39.8% reduction in effect magnitude. This analysis suggests 
that extreme effect sizes substantially inflate the pooled 
estimate, raising questions about the generalizability of the most 
significant observed benefits. Fixed-effect modeling yielded a 
pooled SMD of -1.927 (95% CI: -2.100 to -1.755), showing a 
10.3% reduction from random-effects estimates. Risk of bias 
subgroup analysis found no significant difference between the 
two Ghanbari 2022 comparisons (high risk in randomization 
domain) and the remaining 11 comparisons (Q=0.019, p=0.891), 
indicating that differential bias did not explain heterogeneity.

Meta-regression analyses for the lavender aromatherapy 
versus control comparison (4 studies, n=229) examined whether 
publication year, intervention duration, or session number 
moderated treatment effects (Supplementary Table 3). None 
of these covariates significantly predicted effect size variation. 
Publication year showed a non-significant regression slope of 
-0.080 (95% CI: -0.723 to 0.564, p=0.709), explaining only 
12.4% of variance (R²=12.4%). Intervention duration in weeks 
yielded a slope of 0.129 (95% CI: -3.783 to 4.040, p=0.915, 
R²=1.0%), and number of sessions produced a slope of -0.056 
(95% CI: -0.793 to 0.681, p=0.826, R²=5.0%). The negligible 
R² values and non-significant p-values indicate that none of 
these study-level characteristics meaningfully explained the 
considerable heterogeneity (I²=76.1%) observed in lavender 
aromatherapy trials. The 95% prediction interval for lavender 
pooled effects (-5.086 to -0.299) crossed the null, indicating 
substantial uncertainty about expected treatment effects in 
future clinical settings.
Evidence Certainty:

GRADE assessment of evidence certainty revealed very low 
confidence in effect estimates for all primary comparisons 
(Supplementary Table 4). For combined aromatherapy with 
reflexology versus control, evidence was rated as very low 
certainty, downgraded for serious risk of bias (-1 level, all studies 
lacked participant/assessor blinding for subjective outcomes), 
very serious indirectness (-2 levels, indirect comparison via 
placebo node with different comparator contexts), and serious 
imprecision (-1 level, single small study with n=70 and wide 
confidence interval). Inconsistency was not assessable for this 
single-study indirect comparison, and publication bias could not 
be formally evaluated with fewer than 10 studies in the network.

Moreover, stretching exercises versus control received a 
very low certainty rating, downgraded for serious risk of bias 
(-1 level), very serious imprecision (-2 levels, single study 
with n=60, extensive confidence interval spanning multiple 
clinical thresholds, and optimal information size not met), 

with no serious indirectness as this was a direct comparison. 
The most robust comparison of lavender aromatherapy and 
control in four pooled studies (n=229) was rated to be very 
low certainty despite having multiple trials. Evidence was 
downgraded for serious risk of bias (-1 level, universal lack of 
blinding), serious inconsistency (-1 level, I²=76.1% with a wide 
prediction interval crossing the null), and serious imprecision 
(-1 level, wide confidence and prediction intervals suggesting 
uncertainty about the effect magnitude in different contexts). 
No serious indirectness was noted because this was a direct 
comparison within the target population, making the assessment 
of publication bias infeasible.

Besides, the consistent very low certainty ratings across all 
comparisons reflect fundamental methodological limitations 
of the evidence base. Such limitations include a universal high 
risk of bias in outcome measurement, considerable unexplained 
heterogeneity, small sample sizes, and wide confidence 
intervals, all of which limit confidence in the precision of effect 
estimates. These ratings indicate that the actual effects may 
differ substantially from the estimates reported in this network 
meta-analysis, and that additional high-quality evidence is 
needed before definitive treatment recommendations can be 
made.
Discussion.

RLS is a significant yet frequently overlooked complication in 
patients undergoing maintenance hemodialysis, with prevalence 
rates significantly exceeding those observed in the general 
population. The sensorimotor disorder significantly disrupts 
sleep structure, impairs quality of life (QoL), and is associated 
with increased cardiovascular morbidity, yet treatment options 
remain limited by the presence of altered pharmacokinetics of 
renal failure and the risk of medication-related complications 
[3,6]. Sleep disturbances affect over 95% of hemodialysis 
patients, with the array of uremic symptoms including fatigue, 
pruritus, and restless legs resulting in a significant burden that is 
inadequately addressed by dialysis therapy alone [10].

Notably, non-pharmacological interventions, particularly 
aromatherapy massage and reflexology, have attracted 
increasing attention as promising and effective modalities 
for managing multiple complications of hemodialysis 
[7]. However, the relative effectiveness of different non-
pharmacological options (aromatherapy, reflexology, and 
physical therapies such as stretching) for RLS specifically in 
hemodialysis patients has remained unclear, limiting evidence-
based treatment selection. In this review, the network meta-
analysis addresses this knowledge gap by providing the first 
comprehensive comparative effectiveness synthesis of multiple 
non-pharmacological interventions for RLS in hemodialysis 
cases.

Moreover, this systematic review identified eight RCTs 
encompassing 589 hemodialysis patients and evaluating 11 
distinct interventions across 13 pairwise comparisons. Network 
meta-analysis revealed that combined aromatherapy with 
reflexology achieved the highest treatment ranking, followed 
by stretching exercises and olive oil massage. All active 
interventions demonstrated statistically significant superiority 
over control conditions, with standardized mean differences 
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ranging from -3.54 for combined aromatherapy-reflexology 
to -0.77 for Swedish massage. Lavender aromatherapy, the 
most extensively studied intervention with four trials and 229 
participants, produced a pooled effect size of -2.69, representing 
a considerable magnitude of benefit. However, significant 
heterogeneity characterized the evidence base (I² >75%), and 
certainty of evidence was rated as very low for all comparisons 
according to GRADE criteria.

The size of the SMDs in this analysis deserves a closer look. 
Effect sizes of -3.54 for combined aromatherapy-reflexology and 
-3.29 for stretching are well above the conventional threshold 
for a large effect (SMD ≥ 0.8), and that order of magnitude is 
uncommon for unblinded trials of subjective symptoms. There 
are three plausible reasons for the inflation. The trials were 
open label, and the IRLSSG scale is patient-reported, so a 
sizeable share of the apparent benefit may reflect expectation 
effects rather than physiological change. Sample sizes per 
arm were also small (20 to 35 participants), and small trials in 
this literature have a known tendency to produce larger effect 
sizes than larger replication studies, partly because positive 
results are more likely to be published. There is also a more 
mechanical issue: standard deviations were unusually small in 
some trials. The Ghanbari 2022 sham-control SD was about one 
fifth the size of the comparable SDs in the other studies, which 
inflates the SMD even when the underlying mean difference is 
moderate. Our own sensitivity analysis is consistent with this 
picture. When we excluded comparisons with absolute SMD 
above 2.0, the pooled estimate fell from -2.148 to -1.294, a 
39.8% reduction. The reported effect sizes are therefore best 
read as an upper bound, and we expect them to come down as 
larger and better-blinded trials are added to the evidence base.

The findings revealed that combining aromatherapy with 
reflexology ranked highest, suggesting potential synergistic 
benefits when integrating multiple therapeutic modalities. 
This observation aligns with theoretical frameworks proposing 
that aromatherapy acts through olfactory-limbic pathways 
to modulate neurotransmitter systems, including serotonin 
and endorphins, while reflexology may influence peripheral 
nerve activity through targeted pressure application [11,12]. 
A previous study in acute coronary syndrome patients found 
aromatherapy massage more effective than reflexology alone 
for reducing fatigue and cardiovascular parameters, highlighting 
differential effects across outcomes and populations [13].

Furthermore, lavender aromatherapy emerged as particularly 
promising based on multiple lines of evidence. Beyond RLS, 
lavender demonstrated consistent benefits across hemodialysis-
related complications, including fatigue, anxiety [14], and 
arteriovenous fistula cannulation pain, achieving an 80% 
pain reduction [15]. Direct comparisons found lavender and 
glycerin oil massage equally effective for RLS reduction, 
though lavender's anxiolytic properties may provide broader 
symptomatic relief [16]. In addition, lavender demonstrated 
superior efficacy over Benson muscle relaxation for reducing 
fatigue [17], with a pooled antidepressant effect size of -0.66 
across multiple populations [18]. Aromatherapy massage 
efficacy extends beyond dialysis-specific symptoms, 
significantly reducing neuropathic pain in diabetic patients, 

suggesting shared mechanistic pathways relevant to uremic 
neuropathy [19]. Lavender's anxiolytic efficacy includes 
significant reductions in anxiety scores, blood pressure, and 
stress hormones [20,21].

Subsequently, stretching exercises ranked second (SUCRA 
87.4%) with a very large effect size (SMD -3.29), suggesting 
that simple stretching protocols during dialysis could provide 
substantial symptom relief without specialized personnel 
or materials [22]. A meta-analysis found exercise training 
significantly reduced RLS severity, depression, and fatigue in 
hemodialysis patients [23].

In addition, olive oil massage ranked third (SUCRA 78.0%) 
with large effect sizes, achieving a 53% reduction in RLS 
severity compared to 16% with placebo [27]. Reflexology 
ranked fifth (SUCRA 63.5%) with large effect sizes. In line 
with this outcome, a meta-analysis of 42 trials showed that 
foot reflexology produced large improvements in sleep quality 
(Hedges' g = -1.37) and reduced the odds of sleep problems by 
75% [8]. Comparative studies showed reflexology to be superior 
to back massage for reducing fatigue [24,25], with particular 
promise for pain management in neurological conditions [26]. 
Besides, Glycerin oil massage ranked sixth (SUCRA 53.1%), 
offering a tolerable alternative for patients sensitive to aromatics. 
Swedish massage ranked lower (SUCRA 19.4%), while sweet 
orange aromatherapy (SUCRA 37.3%) showed smaller effects 
than lavender [28].

Translating statistical findings into clinically relevant terms, 
patients receiving top-ranked interventions can expect RLS 
severity reductions of 50-80%, with scores decreasing from 
moderate-severe (20-25 points) to mild or minimal symptom 
levels (4-12 points). Aromatherapy inhalation improved 
Pittsburgh Sleep Quality Index scores from 16.37 to 4.66, 
crossing the diagnostic threshold for sleep disorder [29]. Given 
associations between RLS and both sleep disturbance and 
cardiovascular risk, such symptom reductions could potentially 
influence broader health outcomes.

Pharmacological management faces significant challenges, 
including exacerbation of symptoms with dopamine agonists, 
altered pharmacokinetics, and heightened adverse effect risk 
[6]. Alternative approaches, such as cool dialysate, require 
equipment modifications [30]. In contrast, aromatherapy and 
reflexology can be implemented bedside with minimal training, 
no expensive equipment, and favorable safety profiles.

This network meta-analysis represents the first comprehensive 
synthesis enabling the simultaneous comparison of multiple 
complementary therapy options for RLS in hemodialysis 
patients. It leverages both direct and indirect evidence to provide 
treatment rankings. This rigorous process followed PRISMA 
2020 guidelines with comprehensive database searches and 
validated assessment tools.

High SUCRA rankings and large effect sizes for combined 
aromatherapy-reflexology, stretching exercises, and lavender 
massage suggest these approaches warrant consideration 
as first-line non-pharmacological options. Implementation 
during dialysis sessions, when patients are stationary for 3-4 
hours, represents an ideal opportunity for integrating these 
therapies. Evidence showing aromatherapy benefits across 
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multiple hemodialysis complications suggests implementation 
could yield broader symptom improvements beyond RLS [7]. 
However, very low certainty of evidence necessitates cautious 
interpretation as hypothesis-generating pending higher-quality 
trials.

Besides, this review possesses several significant limitations 
that must be carefully considered. Most critically, all eight 
included studies were conducted in Iran, raising substantial 
concerns about generalizability to other geographical settings, 
healthcare systems, cultural contexts, and ethnic populations. 
Cultural factors may influence both placebo response rates 
and attitudes toward complementary therapies. Several factors 
probably explain why the evidence base is concentrated in a single 
country. Complementary and alternative medicine has been 
integrated more readily into Iranian nephrology practice than 
is typical elsewhere, and there appears to be more institutional 
appetite and funding for clinical research on these therapies 
in Iran. Cultural attitudes toward touch-based interventions 
and aromatherapy may also differ from those in other regions, 
which can change both how willingly patients participate and 
how strongly they respond to placebo or sham conditions. We 
can rule out a search-strategy artifact: we placed no language 
restrictions on the search and queried three major international 
databases. The most plausible explanation is therefore that the 
research itself is concentrated in Iran rather than that we missed 
studies elsewhere. The Results and Conclusions sections of the 
manuscript and abstract flag this as a limitation. Notably, the 
universal high risk of bias in outcome measurement represents 
a fundamental methodological limitation, as all studies relied 
on participant-reported outcomes without successful blinding of 
participants or assessors. Given the subjective nature of RLS 
symptom assessment and the known influence of expectation 
effects, the inability to blind participants to obviously different 
interventions introduces significant potential for bias. This 
limitation is inherent to the nature of the interventions studied 
and cannot easily be overcome through conventional blinding 
strategies. The combination of unblinded designs and a 
subjective primary outcome makes the unusually large effect 
sizes (SMDs of -3.29 to -3.54 for the leading interventions) hard 
to take at face value. Effects of that size on patient-reported 
scales in open-label trials have, in other clinical areas, been 
followed by smaller effects in better-controlled replications. 
Our sensitivity analysis is consistent with that pattern within 
this dataset: removing comparisons with absolute SMD above 
2.0 reduced the pooled estimate by 39.8%.

An additional limitation is the substantial statistical 
heterogeneity observed across all analyses (I² 76-93%), which 
indicates significant unexplained variability in treatment effects 
not accounted for by our pre-specified subgroup analyses 
examining intervention duration, session number, or study 
quality. This observation suggests that unmeasured factors, 
possibly including intervention technique standardization, 
therapist training and experience, essential oil composition and 
quality, patient expectations, or baseline symptom severity, 
may significantly moderate treatment effects. The wide 95% 
prediction intervals, particularly for lavender aromatherapy 
(-5.086 to -0.299, crossing the null), indicate significant 

uncertainty about expected treatment effects in future clinical 
settings.

Moreover, sample sizes were uniformly small, with individual 
study arms ranging from 20 to 35 participants, and many 
comparisons derived from single studies. This condition 
particularly affects the top-ranked combined aromatherapy-
reflexology intervention, which was evaluated in only one trial 
with 35 participants, resulting in very serious imprecision in 
the GRADE assessment. The identification of potential data 
quality concerns in one study highlights the need for scrutiny 
regarding data integrity in small trials. Intervention duration 
was relatively short across all studies (3-8 weeks), providing 
no information about the sustainability of benefits or whether 
maintenance therapy is required.

Besides, no included studies reported comprehensive adverse 
event monitoring or safety outcomes, despite aromatherapy's 
potential for allergic reactions or skin irritation. Publication 
bias could not be formally assessed due to the small number 
of included studies, and the exclusively positive findings raise 
concerns about potential selective publication of favorable 
results. Further, it is recommended that rigorously designed, 
adequately powered, multi-center trials are urgently needed to 
determine definitive evidence. Future studies should employ 
innovative blinding strategies such as sham aromatherapy 
with odorless oils or sham reflexology with light touch. 
Where blinding remains infeasible, objective measures 
such as actigraphy or polysomnography parameters should 
supplement subjective outcomes. Notably, sample sizes 
should target 200-300 participants per arm, ensuring adequate 
power for moderate effect sizes, given the high heterogeneity 
observed. Additionally, international collaboration is essential 
to establish generalizability across diverse populations. Trials 
should incorporate standardized protocols with operator 
training requirements, treatment fidelity monitoring, and 
quality assurance for essential oil composition. Longer follow-
up periods (6-12 months) are needed to determine benefit 
sustainability. Head-to-head trials comparing top-ranked 
interventions would guide resource allocation decisions. 
Economic evaluation should include cost-effectiveness analyses 
comparing intervention costs against offsets from reduced 
medication use and decreased healthcare utilization. Mechanistic 
studies should examine whether effects are mediated through 
sleep quality improvement, reduced sympathetic activation, 
or neurotransmitter modulation. Investigation of response 
moderators, including baseline symptom severity, dialysis 
adequacy, and iron parameters, could identify patient subgroups 
most likely to benefit.

Finally, this network meta-analysis provides the first 
comprehensive comparative effectiveness evidence for non-
pharmacological interventions in hemodialysis patients 
with RLS. While combined aromatherapy with reflexology, 
stretching exercises, and lavender massage emerged as top-
ranked interventions with large effect sizes, very low certainty 
of evidence necessitates cautious interpretation. These findings 
support the potential role of complementary therapies as safe, 
implementable adjuncts to conventional care, while highlighting 
the critical need for higher-quality evidence. Until such 
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evidence emerges, clinicians may consider offering these low-
risk interventions to motivated patients with careful monitoring, 
while emphasizing the preliminary nature of current evidence 
and maintaining realistic expectations regarding treatment 
benefits.
Conclusion.

This network meta-analysis of eight RCTs involving 589 
hemodialysis patients provides the first comprehensive 
comparative effectiveness evidence for non-pharmacological 
interventions targeting RLS in this population. Combined 
aromatherapy with reflexology emerged as the highest-ranked 
intervention (SUCRA 92.3%), although that ranking comes 
from a single trial of 35 patients per arm and an indirect network 
comparison, with very low GRADE certainty, followed by 
stretching exercises (SUCRA 87.4%) and lavender massage 
(SUCRA 66.9%). All active interventions demonstrated 
large effect sizes translating to a 50-80% symptom reduction. 
However, evidence certainty was rated very low across all 
comparisons due to the universal high risk of bias from lack 
of blinding, considerable heterogeneity (I² 76-93%), small 
sample sizes, and geographic limitation to studies conducted 
exclusively in Iran.

These findings support the potential role of complementary 
therapies as safe, readily implementable bedside interventions 
during hemodialysis sessions, offering therapeutic alternatives 
for patients with limited pharmacological options. However, the 
significant methodological limitations and very low certainty 
of evidence prevent definitive treatment recommendations. 
Clinicians may consider offering these low-risk interventions 
to motivated patients providing appropriate counseling about 
emerging evidence and realistic expectations. Rigorously 
designed, adequately powered, multi-center international trials 
with innovative blinding strategies and longer follow-up periods 
are urgently needed to provide definitive evidence and inform 
clinical practice guidelines.
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