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Abstract

Background: The purpose of this systematic review and meta-analysis was to (i) evaluate effects of exercise on cancer-related lym
phedema (CRL) incidence, and (ii) explore whether effect differed according to patient and exercise intervention characteristics.

Methods: A search of 6 electronic databases was undertaken to identify intervention studies published up to May 2025. Studies 
included individuals at risk of and with CRL, comparing exercise to no exercise, and reporting lymphedema outcomes. Meta- 
analyses using random effects models estimated the relative risk (RR) of exercise on CRL. Exploratory subgroup analyses were con
ducted for upper- vs lower-limb lymphedema, <5 or 5þ lymph nodes dissected, and exercise intervention characteristics including 
exercise mode and degree of supervision. Overall quality of evidence was assessed using the GRADE approach.

Results: Seventeen studies (published 2002-2024) involving 2739 individuals were included. Most (88%, n¼15) studies focused on 
upper-limb lymphedema post-breast cancer, and 2 studies investigated risk of lower-limb lymphedema. With low overall certainty, 
the RR of developing CRL for those in the exercise group compared with the non-exercise group was 0.71 (95% confidence interval [CI] ¼
0.53 to 0.96). The majority of evidence is derived from studying those at high risk of breast cancer-related lymphedema, but subgroup 
analyses suggest that the benefit may extend outside the breast cancer setting. Subgroup analyses support participation in any/all exer
cise modes, even when unsupervised.

Conclusion: These findings underscore the promise of exercise for CRL risk reduction and the urgent need for rigorously designed 
trials to clarify effects across patient risk profiles, cancer types, and exercise approaches.

PROSPERO registration number: CRD42020196623

Introduction
Cancer-related lymphedema (CRL) has been widely reported 
among individuals treated for cancer. Lymphedema incidence 
rates vary among cancer types, including breast, genitourinary, 
gynecological, melanoma, and head and neck cancer, with best 
current estimates ranging from 7% to 38% in solid tumors.1 The 
condition is characterized by the accumulation of protein-rich 
fluid and subsequent swelling of affected body regions, resulting 
from impaired lymphatic drainage and/or increased lymphatic 
load.2 In cancer populations, this may occur after lymph node 
dissection, after radiation-induced lymphatic damage, or due to 
physiological implications of chemotherapy.1-4

Lymphedema affects all aspects of life and is associated with 
substantial physical, psychological, social, and financial burden.5,6

Specifically, those with lymphedema commonly experience physical 

and functional impairments, psychological distress, social isolation, 
financial toxicity, and reduced quality of life compared with cancer 
survivors without lymphedema.5,6 Due to the progressive nature of 
lymphedema, current lymphedema management (including com
pression therapy and manual lymphatic drainage) is long-lasting 
and costly, and access to some services is limited to those living in 
metropolitan areas.6 The combination of lymphedema being consid
ered incurable, the high personal burden, and inequitable access to 
management increases the priority of lymphedema prevention 
research—specifically, the need to improve understanding of risk 
factors (including known risk factors such as lymph node removal 
and obesity7-11) alongside identification of prevention or risk reduc
tion strategies.

Physical activity, including exercise, has long been recognized 
as an essential component of chronic disease prevention and 
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management. In people with cancer, meeting guideline recom
mendations of ≥150 minutes per week of combined aerobic and 
resistance exercise is supported by strong evidence for physical, 
functional, psychosocial, and survival benefit.12-19 Exercise also 
improves lymphatic flow through skeletal muscle contraction 
and cardiovascular adaptations.20,21 In individuals with CRL, 
exercise therapy improves pain, fatigue, strength, function, and 
quality of life without worsening lymphedema, although evi
dence is derived mostly from studying women with breast CRL.22- 

25 There is also evidence suggesting that exercise therapy reduces 
the risk of developing lymphedema; however, known limitations 
in the evidence base affect the certainty of this effect.

A 2022 systematic review and meta-analysis of 12 randomised 
controlled trials (RCTs) found no overall reduction in lymphe
dema risk with exercise compared with nonexercise groups (risk 
ratio [RR] ¼ 0.90, 95% confidence interval [CI] ¼ 0.72 to 1.13).22

However, subgroup analysis of women with breast cancer who 
had 5 or more lymph nodes removed showed a significant benefit 
(RR ¼ 0.49, 95% CI ¼ 0.28 to 0.85). In the past 5 years, there has 
been a 42% increase in RCT evidence on the potential risk reduc
tion effects of exercise for CRL. To ensure that clinicians, allied 
health professionals, and people at risk of CRL have access to the 
most up-to-date findings, the primary purpose of this systematic 
review and meta-analysis was to update the evidence on exercise 
effect on lymphedema incidence. It was a secondary objective to 
explore whether effect differed according to patient and exercise 
intervention characteristics.

Methods
This review is an update of the findings related to the risk- 
reducing effects of exercise on lymphedema identified in the 
2022 systematic review and meta-analysis.22 A protocol with 
registration number CRD42020196623 was published on 
PROSPERO: https://www.crd.york.ac.uk/prospero/display_record. 
php? RecordID=196623.

Search strategy and selection criteria
An electronic database search was undertaken to identify inter
vention studies published up to May 2025, using the following 
databases: Cochrane Library, PubMed, CINAHL and SPORTDiscus 
(via Ebscohost), EMBASE, ProQuest Health and Medical Complete, 
and ProQuest Nursing and Allied Health. The search strategy 
involved combinations of free-text words and MeSH terms for 
“lymphedema” or “lymphoedema” and “physical activity” or 
“exercise.” Full search details are outlined in Supplementary 
Material 1, Tables S1-6.

Eligibility criteria were based on the Participant, Intervention, 
Comparator, and Outcome (PICO) framework. Studies were eligi
ble if they included adults (>18 years) treated for cancer (any 
type) who were at risk of developing lymphedema or mixed sam
ples including both participants at risk of and those with CRL. 
Eligible studies were required to assess lymphedema using any 
method (eg, self-reported swelling, bioimpedance spectroscopy, 
or limb circumference) and to evaluate the effects of an exercise 
intervention compared with no exercise, usual care, or another 
nonexercise lymphedema prevention intervention. Studies were 
excluded if they exclusively enrolled participants with estab
lished lymphedema or if they were not published in English.

Exercise was considered any form of planned, structured, and 
repetitive bodily movement performed to improve or maintain 
fitness, performance, or health, beyond the standard postsurgical 
mobility exercises routinely prescribed during an inpatient 

period. Eligible trials were categorized into subgroups on the 
basis of exercise mode (aerobic, resistance, mixed-mode, or 
other). “Other exercise” was considered a form of active exercise 
that (i) was not described as aerobic or resistance-based and (ii) 
did not constitute a component of complete decongestive 
therapy-based exercise (a common form of lymphedema treat
ment). Studies that involved exercise in addition to other inter
ventions were excluded if the effects of exercise could not be 
isolated. Trials were eligible for inclusion irrespective of degree 
of intervention supervision, intervention length, or exercise dos
age prescribed. Studies that assessed the effects after a single 
bout of exercise or pre-post-intervention trials without a compar
ison group were excluded.

Outcomes of interest
The outcome of interest was CRL incidence, measured post- 
exercise intervention. Point prevalence of lymphedema was 
considered a reasonable estimate of incidence in the absence of 
precancer treatment lymphedema status (eg, cumulative inci
dence). Although point prevalence may not fully capture incident 
timing, it was considered appropriate given the lack of gold- 
standard CRL definitions, variability in measurement approaches, 
absence of standardized diagnostic thresholds, incomplete base
line data, and the need to avoid excluding pragmatic exercise trials 
that enhance external validity.

Screening and data extraction
The titles and abstracts of all records that were identified during 
the database search were screened independently by 2 authors 
for eligibility, followed by retrieval and screening of full texts 
(JM, AF). The reference lists of relevant original studies and 
reviews were searched to identify studies that may have been 
missed in the electronic database search.

For eligible studies, study characteristics, exercise details, par
ticipant characteristics, and outcomes were extracted in tabular 
format using predefined data fields. Lymphedema (cumulative) 
incidence or point-prevalence was extracted pre- and post- 
exercise intervention. Exercise details included mode of exercise, 
intensity, duration, and degree of supervision.

Study quality
The Effective Public Health Practice Project Quality (EPHPP) 
Assessment Tool was used to assess study quality independently 
by a combination of 2 authors (AF, MP, SH). Disagreements were 
resolved through consensus. This tool was considered appropri
ate because it allows for the methodological quality of various 
study types and designs to be appraised and subsequently rated 
as weak, moderate, or strong in the domains of selection bias, 
study design, confounders, blinding, data collection methods, 
and withdrawals and dropouts.26

Research integrity
Given growing data quality and trustworthiness issues in scien
tific publications,27-30 as part of the conduct of this systematic 
review, 1 author (AF) used the INveStigating ProblEmatic Clinical 
Trials in Systematic Reviews (INSPECT-SR) tool31,32 to assess level 
of trustworthiness of each included trial. The INSPECT-SR tool 
consists of a series of 21 items across 4 domains: (1) inspecting 
post-publication notices, (2) inspecting conduct, governance, and 
transparency, (3) inspecting text and figures, and (4) inspecting 
results in the study. Domains and the overall judgment of the 
trial were rated as having “no concerns,” “some concerns,” 
“serious concerns,” or “unclear.” Recognizing that research 
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integrity assessment is an emerging methodological approach 
and was undertaken by a single author without formal conflict- 
of-interest assessment, eligibility of included trials was not influ
enced by subsequent integrity rating. Instead, sensitivity analy
ses were used to explore the impact of inclusion or exclusion of 
studies based on integrity scores.

Statistical analysis
All lymphedema incidence or point prevalence rates were 
extracted, irrespective of method of assessment. When authors 
did not specify their primary method of assessment, extraction 
of objective measures was prioritized over self-reported methods 
for the main analysis. In the instance where more than 1 objec
tive measurement or more than 1 self-reported method of 
assessment were reported in the absence of a predefined primary 
outcome/gold standard, extracted data from objective circumfer
ence measurements were prioritized because this is the most 
commonly used method in clinical practice,33 followed by perom
etry (which assesses size difference between limbs), followed by 
bioimpedance spectroscopy (an objective and validated meas
ure),34 followed by self-report. All methods of assessment were 
considered for the sensitivity analysis. Review Manager (RevMan 
v5.4) was used to perform meta-analyses. Risk ratios with 95% 
confidence intervals were calculated for cumulative incidence 
and point prevalence rates using generic inverse variance meth
ods in a random-effects model.

Sensitivity analyses were conducted to test the robustness of 
the main effects by (i) restricting the analysis to individuals with 
no lymphedema at baseline (that is, including cumulative inci
dence numbers only), and (ii) separately assessing the effect of 
type of lymphedema measurement (water displacement, bioim
pedance spectroscopy, circumference or perometry, self-report, 
and other), study quality (strong, moderate, weak as rated with 
EPHPP), and research integrity (no concerns, some concerns, seri
ous concerns, and unclear as rated with the INSPECT-SR tool).

Subgroup analyses were conducted to explore potential effect 
modifications by (i) exercise mode: aerobic, resistance, mixed- 
mode (aerobic and resistance), and other exercise; (ii) degree of 
intervention supervision: mostly/fully supervised—at least half 
of the exercise sessions being face-to-face, mostly/fully unsuper
vised—less than half to none of the exercise sessions involving 
face-to-face supervision; (iii) lymphedema type: upper- or lower- 
limb; and (iv) extent of node dissection: <5 lymph nodes 
removed, 5þ lymph nodes removed.

The I2 statistic was assessed for statistical heterogeneity, with 
values above 30%, 50%, and 75% considered moderate, substan
tial, and considerable, respectively.35 A P value of less than .05 
was considered statistically significant.

Overall strength of the evidence pool
The overall strength of evidence for the primary purpose of this 
review was assessed with the GRADE tool.36 The GRADE domains 
included study design, heterogeneity, risk of bias, indirectness, 
imprecision, and publication bias and were rated as “not serious,” 
“serious,” and “very serious” limitations in accordance with the 
Cochrane recommendations.37,38 Given that all included studies 
were randomized trials, evidence was considered high to begin. 
Outcomes were downgraded based on the number of serious or 
very serious limitations on the GRADE items. The overall quality 
of evidence was categorized as high, moderate, low, or very low. 
A detailed breakdown on how the domains were rated can be 
found in Hayes et al.22

Results
Study selection
The electronic searches for this update were conducted from 
February 17, 2020, up to May 20, 2025, accounting for a 1-year 
time lag for indexing. A total of 2436 articles were identified, of 
which 1572 unique records were eligible for screening on title 
and abstract, resulting in 127 full-text articles that were assessed 
for eligibility. Of these, 5 articles were eligible for inclusion. 
Combined with those articles identified and included within the 
2022 review by Hayes et al.,22 a total of 17 RCTs were included in 
this review update. The study selection process is summarized in 
Figure 1.

Participant and trial characteristics
Seventeen studies evaluating the effect of exercise on lymphe
dema incidence were published between 2002 and 2024, involv
ing 2739 participants. Trials were conducted in North and South 
America (n¼ 6),39-44 Europe (n¼ 4),45-48 Australia (n¼ 4),49-52 and 
Asia (n¼ 3).53-55 A summary of the characteristics of included tri
als is presented in Table 1.

The majority of trials (88%, n¼ 15) involved breast cancer sur
vivors at risk of developing upper-limb lymphedema;39,40,42-54 2 
studies investigated risk of lower-limb lymphedema post-ovarian 
(n¼1)41 and cervical (n¼1) cancer.55 All included participants 
were female, and based on reporting in 4 studies,39,41,43,46 median 
time since cancer diagnosis was 27 months (range¼ 18.8 to 50.5). 
Of the studies including participants at risk of developing upper- 
limb lymphedema, 33% (n¼ 5) included those who had received 
axillary node dissection only (eg, removal of 5 or more lymph 
nodes),39,40,45,52,55 whereas 10 studies included participants with 
sentinel or axillary node dissection.42-44,46,47,49-51,53,54

Detailed exercise parameters of each study are presented in 
Supplementary Material 2, Table S7. Across all trials, 16% (n¼3) 
of the intervention arms were aerobic-based,40,41,53 52% (n¼10) 
were resistance-based,39,40,43-45,48,50,51,53,55 21% (n¼ 4) involved 
mixed-mode exercise,47,49,52,54 and 11% (n¼2) involved other 
exercise42,46 (Table 1; Supplementary Material 2, Table S7). 
Exercise intensity ranged from low to high intensity between and 
within studies. Intervention duration ranged between 3 weeks44

and 18 months,42 with 82% (n¼ 14) of interventions being 
12 weeks or longer.39-43,45-49,52-55

Studies varied widely in the measurements tools and diagnos
tic criteria used to assess lymphedema incidence. Lymphedema 
cases were defined using circumferences (n¼ 6),39,50-54 perome
try (n¼1),41 water displacement (n¼ 5),40,43,45,48,52 bioelectrical 
impedance analysis (n¼4),46,49,50,52 self-report (n¼ 4),39,44,47,49 or 
a combination of these methods and/or clinician diagnosis 
(n¼3).41,42,55

Study quality and trustworthiness
The overall study quality was mixed for included trials 
(Supplementary Material 3, Table S8): 24% were rated as 
strong,39,48,49,52 41% moderate,40,42,43,45,47,50,55 and 35% weak 
quality.41,44,46,51,53,54 Domains most commonly classified as weak 
were “selection bias,” “blinding,” and “withdrawals and dropouts,” 
with 8 (47%),40,43,45-47,50,51,53 3 (18%),41,44,46 and 3 (18%)41,42,51 studies 
rated as weak, respectively (Supplementary Material 3, Table S8). 
Due to the nature of exercise trials, participant blinding was not 
possible.

Overall study judgment on the trustworthiness of trials var
ied, with the majority of studies rated as unclear (n¼8, 
47%),40,41,43,45,46,48,49,52 followed by no concerns (n¼ 4, 24%)44,47,50,53
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and some concerns (n¼ 4, 24%).39,42,51,54 One study was rated as 
having serious concerns, and action was taken in accordance with 
the INSPECT-SR guidelines (Supplementary Material 4, Table S9).55

Exercise effect on lymphedema incidence and 
results from sensitivity analyses
Across the 17 included trials (n¼2739 participants), lymphedema 
incidence of those participating in exercise interventions were 
compared with those in the nonexercise control groups that 
encompassed usual care (n¼ 4),40,45,49,51 nonintervention control 
(n¼9),39,43,44,46,47,50,52,54,55 or other lymphedema risk reduction 
intervention strategies (n¼4),41,42,48,53 including usual care plus 
activity restrictions,48 lymphedema education only,42 and atten
tion control.41,53 Relative risk of developing CRL for those in the 
exercise group compared with the nonexercise group was 0.71 
(95% CI ¼ 0.53 to 0.96; I2 ¼ 60%) (Figure 2A, Supplementary 
Material 5, Table S10). The certainty of evidence for this analysis 
was graded as low (Supplementary Material 6, Table S11).

Nine trials included between 1% and 38% of people with evi
dence of lymphedema at baseline.39,41,44,46,47,49-51,54 The effect 

estimate remained similar (RR ¼ 0.66, 95% CI ¼ 0.40 to 1.08; I2 ¼

75%; Supplementary Material 6) after sensitivity analyses that 

excluded data from these 9 trials (Figure 2B; Supplementary 

Material 5, Table S10). Sensitivity analyses (related to lymphe

dema measurement method, study quality, and integrity, specifi

cally when data from a study assessed as having “serious 

concerns” related to the trustworthiness of the findings were 

removed) also showed similar effect estimates that favored exer

cise (Supplementary Material 3-5, Tables S8-S10), although not 

supported statistically. The exception was the sensitivity analysis 

based on self-reported lymphedema assessment, which showed 

no exercise effect.

Subgroup analyses exploring effect of 
patient and intervention characteristics on 
lymphedema
Noting high heterogeneity, RR of lymphedema for those in the 

exercise vs comparison group ranged between 0.4 and 0.98 across 

all subgroup analyses (Figure 3, Table 2).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for selection of studies. 
aHayes et al., 2022.22
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Discussion
This review provides the first Level I evidence suggesting that 
exercise may reduce the risk of CRL, with consistent direction of 
effect, although not supported statistically, observed across sensi
tivity analyses. Nonetheless, substantial between-study heteroge
neity and low certainty of evidence for the main effect analyses 
underscore the need for further research to clarify magnitude of 
effect and the conditions under which benefit may occur.

Confidence in the magnitude of risk reduction is greatest 
among women at risk of upper-limb lymphedema, and within 
the breast cancer setting, those at highest risk (i.e., those with 5 
or more nodes removed), likely reflecting a larger number of 
studies (n¼ 15 and 8, respectively), greater sample size (n¼ 1502 
and 852, respectively), and higher event rates. In contrast, only 2 
studies have been conducted in the at-risk lower-limb setting, 
and 3 studies have contributed to the <5 nodes subgroup analy
sis, resulting in wide confidence intervals. Nonetheless, findings 
suggest exercise may benefit women at risk of lower-limb lym
phedema and across risk levels according to extent of lymph 
node removal. Additional research is needed to clarify exercise 
effects in women with more complex high-risk profiles (eg, 
higher body mass index, chemotherapy, or radiation) and to con
firm generalizability beyond breast cancer. This is particularly 
relevant as targeted axillary approaches increasingly replace full 
axillary dissection in clinical practice.

All evidence synthesized in this review originates from studies 
conducted in women. There are no data on lymphoedema risk in 
nonfemale populations, and only limited data outside the breast 
cancer context. Only 2 studies (N¼ 237) examined lower-limb 
lymphedema associated with ovarian and cervical cancer. The 

risk estimate of 0.40 (0.10 to 1.67) suggests exercise is more likely 
to reduce, and unlikely to increase, risk. This aligns with a sys
tematic review reporting small positive effects of exercise on 
lower-limb volume, quality of life, physical function, and pain, 
despite substantial heterogeneity.56 Overall, this highlights a crit
ical evidence gap regarding benefits of exercise on risk reduction 
in cancer-related lymphedema in non-breast cancer populations 
and in men, who may exhibit distinct risk profiles.

Subgroup analyses also indicate that multiple exercise modes 
may confer benefit, with estimated effects ranging from 0.56 to 
0.82, although confidence intervals spanned 1. This is biologically 
plausible, because all forms of exercise acutely enhance lymphatic 
flow through skeletal muscle contraction and influence blood flow 
and respiration, and repeated participation induces longer-term 
adaptations across the cardiovascular, circulatory, and musculos
keletal systems.20 Although resistance exercise has traditionally 
been emphasized in lymphedema prevention (potentially reflect
ing its targeted activation of the muscle pump and the predomi
nance of resistance-based trials in the literature), our findings did 
not demonstrate superiority or harm for any specific exercise 
mode. Collectively, these results suggest that CRL risk reduction 
may not be mode-specific and that exercise prescriptions need not 
be restricted to resistance training alone.20

Subgroup analyses showed a relative risk of 0.55 (0.33 to 0.92) 
for mostly/fully unsupervised interventions vs 0.98 (0.62 to 1.54) 
for mostly/fully supervised ones.

The apparent lack of effect in the supervised subgroup likely 
reflects fewer contributing studies, substantial heterogeneity of 
exercise interventions, and/or low event rates, and the stronger 
estimate observed for unsupervised interventions may also be 
influenced by study-level methodological limitations, including 
variable study integrity, rather than a true difference in effective
ness. Importantly, all studies implemented exercise programs 
that were individualized, progressive, and monitored for lymphe
dema and related symptoms, even for participants performing 
unsupervised exercise. This context should be considered when 
interpreting these findings or adapting them to guideline recom
mendations. Based on epidemiological and trial evidence, current 
clinical physical activity guidelines recommend �150 minutes 
per week.17,57 For lymphedema, guidelines advise that progres
sive, supervised resistance exercise is safe.17,57 Findings from this 
meta-analysis suggest exercise also reduces risk, and specifying 
a particular mode or supervision level may be unnecessary. By 
adopting this more flexible approach, guidelines may better 
empower people to engage in and maintain sufficient physical 
activity, supporting both risk reduction of lymphedema and 
broader survivorship outcomes. Future research should explore 
how to optimize adherence, accessibility, and effectiveness 
across diverse exercise modes and delivery settings.

Several limitations affect the confidence of review findings. 
Most CRL cases occur within 18 months of cancer diagnosis,3,58

and yet the majority of exercise interventions in included studies 
were delivered outside this period, potentially limiting the ability 
to observe preventive effects. Many studies also lacked detailed 
tracking of exercise adherence, dose, intensity, or progression, 
and few assessed whether interventions produced meaningful 
physiological changes, such as strength gains or improvements 
in body composition. This is particularly relevant for unsuper
vised programs, where intervention fidelity is harder to verify. 
The limited reporting constrains understanding of which exercise 
components are most effective for reducing lymphedema risk. 
Future studies should prioritize rigorous measurement and 
transparent reporting of exercise adherence, load, intensity, and 

Table 1. Summary of trial, population, and intervention 
characteristics of the included trials.

Characteristics
Studies, No. (%)  

or median (range)

Trial
Publication year

2000-2009 5 (29%)
2010-2019 5 (29%)
2020 onward 7 (42%)

Sample size (median (range)) 160 (22-547)
Follow-up duration 6 (1.5-24)
Population characteristics
% of women 100%
Age, years (median (range)) 52.6 (48.7-58.5)
Risk of lymphedema type

Upper limb 15 (88%)
Lower limb 2 (12%)

Cancer type
Breast cancer 15 (88%)
Ovarian cancer 1 (6%)
Cervical cancer 1 (6%)

Intervention characteristics
Intervention modea

Aerobic 3 (16%)
Resistance 10 (52%)
Mixed mode (aerobic þ resistance) 4 (21%)
Other 2 (11%)

Intervention duration (weeks)  
(median (range))

26 (3-72)

Intervention frequency (session/week)  
(median (range))

2.5 (2-7)

Session length (minutes/session)  
(median (range))b

37.5 (30-90)

a Note that 2 studies40,49 had 2 exercise intervention arms (n¼19).
b Data available from 9 studies.40,43,44,46,48,49,53-55
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Figure 2. Forest plot showing the risk reducing effect of exercise on lymphedema incidence, using (A) cumulative incidence or point prevalence and 
(B) cumulative incidence only. A risk ratio below 1 suggests reduced risk of lymphedema for those in the exercise intervention groups.

Figure 3. Meta-analyses of exercise trials evaluating the effect of exercise on the risk reduction of lymphedema, using cumulative incidence or point 
prevalence. A risk ratio below 1 suggests reduced risk of lymphedema for those in the exercise intervention groups.
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progression, alongside objective outcomes, to clarify the mecha
nisms by which exercise may influence CRL development.

The evidence contributing to the main meta-analysis findings 
was graded as low. Sensitivity analyses suggest that the direction 
and magnitude of risk reduction are reasonably consistent: when 
restricted to participants without lymphedema at baseline or 
examined by measurement method, study quality, and research 
integrity, risk estimates generally favored exercise, although con
fidence intervals often included one. Estimates were consistent 
across most lymphedema assessment tools, except self-reported 
measures combining clinical diagnosis and symptom reporting. 
Although inclusion of mixed samples comprising participants 
both at risk of and living with lymphedema could be criticized, 
this approach represents a methodological strength by enhanc
ing external validity and reflecting real-world exercise delivery. 
However, it also introduces additional heterogeneity and uncer
tainty, because participants with established lymphedema are 
less likely to benefit from prevention effects. As such, this deci
sion is conservative and would be expected to attenuate observ
able effects of exercise rather than inflate them.

It is clear that the limitations of this review underscore the 
need for further high-quality, rigorously conducted studies, par
ticularly beyond breast cancer, to refine risk estimates and clar
ify mechanisms. Nonetheless, the findings support the potential 
of exercise to reduce cancer-related lymphedema risk and its 
inclusion in standard cancer care, including aerobic and/or 
resistance exercise and under unsupervised conditions.
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