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ABSTRACT 
Background.  Identification of risk factors facilitates the 
prevention of breast cancer-related lymphedema (BCRL). 
Several published systematic reviews have already addressed 
the risk factors for BCRL. This study aimed to systemati-
cally identify potential risk factors for BCRL and evaluate 
the quality of evidence.
Methods.  The study followed methodologic guidance 
from the Joanna Briggs Institute, and the Cochrane Hand-
book. The following electronic databases were systemati-
cally searched from inception to 15 November 2022: Pub-
Med, Embase, CINAHL, Web of Science, Scopus, CNKI, 
SinoMed, Wanfang, JBI Database, Cochrane Database, 
ProQuest, and PROSPERO. Two authors independently 
screened studies, extracted data, and assessed methodologic 
quality using AMSTAR2, risk of bias using ROBIS, and evi-
dence quality using GRADE. The study evaluated overlap, 
assessed the small-study effect, and calculated the I2 statistic 
and Egger’s P value as needed.
Results.  The study included 14 publications comprising 10 
meta-analyses and 4 systematic reviews. The authors identi-
fied 39 factors and 30 unique meta-analyses. In the study, 
13 innate personal trait-related risk factors, such as higher 
body mass index (BMI) and axillary lymph nodes dissec-
tion, showed statistically significant associations with BCRL 
incidence. Breast reconstruction was found to be a protective 

factor. The methodologic quality was low or critically low. 
The majority of the systematic reviews and/or meta-analyses 
were rated as having a high risk of bias. Evidence quality 
was low for 22 associations and moderate for 8 associations.
Conclusions.  The currently identified risk factors for 
BCRL all are innate personal trait-related factors. Future 
well-designed studies and robust meta-analyses are needed 
to explore potential associations between behavioral-, inter-
personal-, and environmental-related factors and BCRL, as 
well as the role of genetic variations and pathophysiologic 
factors.

Keywords  Breast neoplasm · Lymphedema · Risk 
factors · Umbrella review

As reported in this study, breast cancer-related 
lymphedema (BCRL) affected approximately one in five 
women treated for breast cancer.1 Chronic, progressive, and 
uncurable, BCRL is caused by an abnormal accumulation of 
protein-rich lymph fluid in the interstitial spaces due to dis-
ruption of the lymphatic system, which manifests as swelling 
of limb, hand, breast, or chest wall.2

Patients with BCRL experience decreased quality of life 
accompanied with discomfort symptoms (e.g., swelling, 
numbness, pain), functional limitations, body image dis-
turbance, sexuality problems, economic burden, and other 
related psychosocial problems.2–4

The contribution of axillary surgery and radiation of 
regional lymph to the development of BCRL is widely 
acknowledged.5 An increasing amount of research evidence 
has demonstrated that the etiology of BCRL is multifaceted 
and influenced by both unmodifiable factors (e.g., treatment 
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regimens and lymphatic system recovery capacity) and 
potentially modifiable factors (e.g., body mass index [BMI] 
and subclinical edema).3,6 Risk factors are characteristics, 
traits, or exposures that increase an individual’s possibility 
of experiencing a condition.7 Identification of risk factors, 
especially modifiable risk factors, offers novel insights into 
the prevention of BCRL.

In the last two decades, numerous studies have been con-
ducted to investigate potential risk factors associated with 
the development of BCRL, with a primary focus on sociode-
mographic, disease, and treatment-related factors. However, 
the traditionally studied risk factors can provide only a par-
tial explanation for the development of BCRL.

During the past few years, several hypotheses have been 
proposed to explain the pathogenesis of BCRL. Among 
these, the lymphatic-failure hypothesis, the hemodynamic 
hypothesis, and the interstitial hypothesis have received 
the most attention.8 Despite these efforts, the pathogen-
esis of BCRL remains incompletely understood. Recent 
research has indicated that the pathogenesis of secondary 
lymphedema may involve pathophysiologic factors such as 
vascular endothelial growth factor C (VEGF-C), Monocyte 
chemoattractant protein-1 (MCP-1), cluster of differentia-
tion 4+ (CD4+) cells, and genetic predispositions including 
genetic variations in interleukin (IL), including IL4, IL6, 
and the like.9,10

Some researchers have evaluated and consolidated the 
existing evidence on individual or multiple categories of risk 
factors for BCRL.11,12 Readers, including health care profes-
sionals, researchers, and knowledgeable patients, may find 
it challenging to comprehend information from these sys-
tematic reviews (SRs) and/or meta-analyses (MAs), which 
sometimes present conflicting results. For example, regard-
ing whether older age contributes to the risk of BCRL, one 
systematic review suggested that age alone did not signifi-
cantly increase the risk,13 whereas another systematic review 
concluded that older age was associated with the increase of 
BCRL incidence.14

Despite numerous systematic reviews on the risk factors 
for BCRL, a comprehensive and concise research summary 
applicable to clinical practice still is lacking. An umbrella 
review, which aims to synthesize the results of SRs/MAs on 
a certain topic and inform evidence-based clinical practice, 
would be the most appropriate approach to achieve this goal. 
Therefore, this umbrella review sought to comprehensively 
identify, appraise, and synthesize the results of published 
SRs/MAs that examine the risk factors associated with the 
development of BCRL and to provide an understandable and 
comprehensive review that can inform evidence-based clini-
cal practice.

METHODS

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) recommendations were fol-
lowed (Supplemental File 1).15 This umbrella review was 
conducted under the guidance of the Joanna Briggs Institute 
Manual for Evidence Synthesis of Umbrella Reviews16 and 
the Cochrane Handbook for systematic reviews,17 as well as 
other methodologic articles.18 The protocol had been reg-
istered in PROSPERO (CRD42022375710) and published 
online.19

Information Sources and Search Strategy

The following electronic databases were systemati-
cally searched from inception to 15 November 2022: Pub-
Med, Embase, CINAHL, Web of Science, Scopus, CNKI, 
SinoMed, the Wanfang database, the Joanna Briggs Institute 
(JBI, Adelaide, Australia) Database of Systematic Reviews 
and Implementation Reports, the Cochrane Database of Sys-
tematic Reviews, the PROSPERO register, and ProQuest 
Dissertations. Medical subject headings (MeSH) terms and 
keywords were used in combination. The search terms and 
detailed search strategies are shown in Supplementary File 
STable 3. We also hand-searched the reference lists of the 
included articles for additional studies.

Study Selection and Eligibility

All records were managed by Endnote X9 (Clarivate 
Analytics, Philadelphia, PA). After de-duplication, two 
independent authors (A.S., J.B.) screened all the titles and 
abstracts. Any records identified as potentially eligible by 
at least one author were retrieved for full-text reading. All 
discrepancies were discussed and resolved by consensus.

The eligibility criteria based on PECOs  (Population, 
Exposure, Control, Outcomes, Study design) statement 
were as follows:20 population (SRs/MAs investigating risk 
factors for BCRL among adult breast cancer survivors [age 
>18 years] with a history of breast cancer surgery, expo-
sure (SRs/MAs reporting at least one clearly defined risk 
factor), outcomes (breast cancer-related limb lymphedema 
used as one of the primary outcomes with definite diag-
nostic criteria, e.g., relative volume change or relative arm 
volume increase [RAVI] ≥ 200 mL or 10%),3 and study 
design (consideration of only SRs/MAs that described an 
explicit and reproducible methodology including literature 
search and eligibility, study selection and extraction, qual-
ity appraisal, and quantitative or qualitative synthesis). The 
review included only primary studies with cohort, cross-
sectional, and case-control design and secondary analysis 
of randomized controlled trials.
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The review excluded (1) articles reporting studies of 
patients with recurrent breast cancer, metastatic disease, 
primary lymphedema, or lymphedema secondary to other 
diseases; (2) studies that recruited participants with acute 
lymphedema occurring within 3 months after breast cancer 
diagnosis or surgery, latent or subclinical lymphedema with 
an RAVI lower than 3%, or breast or trunk lymphedema; 
and (3) publications without full-text, conference abstracts, 
or protocols. No language restrictions were applied. Articles 
in other languages were translated by google translator for 
assessment and extraction.

Data Extraction

Two authors (A.S., L.Z.) independently extracted data 
using a predesigned data extraction form. The following data 
were extracted: first author, year of publication, country, par-
ticipants’ characteristics, total number of participants, num-
ber of lymphedema cases, search strategy (sources searched, 
range of years, number of studies included), types of studies 
included, quality appraisal (instruments and results), out-
comes of significance, and results/findings. For meta-anal-
yses, effect sizes (random-effect size and/or fixed-effect size, 
odds ratio [OR], risk ratio [RR], hazard ratio [HR] for binary 
measures or standardized mean difference [SDM] for con-
tinuous measures, with 95% confidence interval [CI]), value 
of I2, significance levels, publication bias, and small-study 
effects also were extracted.

If multiple meta-analyses investigated the same risk fac-
tor, we usually chose the most recently published meta-anal-
ysis with the largest number of original studies.18 For studies 
without quantitative synthesis, we documented a summary 
statement detailing the authors’ primary findings and the 
rationale for not attempting a quantitative synthesis. All 
eligible meta-analyses used summary-level data from pub-
lished literature. Due to the large number of primary stud-
ies included, we did not extract the data from the original 
studies as planned. Any discrepancies were solved through 
discussion or consultation with a third author.

Methodologic‑ and Evidence‑Quality Assessments

Quality assessment was performed by two authors inde-
pendently (A.S., J.B.). Any disagreement was resolved 
through discussion or by consulting a third author to reach 
a consensus.

Methodologic‑Quality Assessment
The Assessing the Methodological Quality of System-

atic Reviews-2 (AMSTAR-2) guidelines and checklist21 
were used to assess the methodologic quality of SRs/MAs. 
In AMSTAR-2 (www.​amstar.​ca), 16 items assess study eli-
gibility criteria, identification and selection of studies, data 

collection methods, study appraisal methods and findings, 
and synthesis methods. Each item can be rated as “yes,” 
“no,” or “partially yes.” Items 2, 4, 7, 9, 11, 13, and 15 are 
considered to be critical items. Overall confidence can be 
rated as 1 (high quality: no or only one non-critical weak-
ness), 2 (moderate quality: more than one non-critical 
weakness, but no critical item weakness), 3 (low quality: 
one critical item weakness, with or without a non-critical 
item weakness, and 4 (critically low quality: more than one 
critical item weakness, with or without a non-critical item 
weakness).

Risk‑of‑Bias Assessment
We assessed the risk of bias with the Risk of Bias in 

Systematic Reviews (ROBIS) tool,22 which consists of three 
phases: (1) relevance assessment (optional), (2) identifica-
tion of concerns with the review process, and (3) judgment 
on the risk of bias. Phase 2 covers four domains: study eli-
gibility criteria, identification and selection of studies, data 
collection and study appraisal, and synthesis and findings. 
Phase 3 determines the overall risk of bias in the interpreta-
tion of review findings while taking into account the limita-
tions identified in phase 2. Signaling questions are included 
to help judge concerns with the review process, which 
should be answered as “yes,” “probably yes,” “probably no,” 
“no,” or “no information. The overall risk of bias is judged 
as “low,” “high,” or “unclear.”

Evidence‑Quality Assessment
We also assessed the quality of evidence using the Grad-

ing of Recommendations Assessment, Development, and 
Evaluation (GRADE) system.23 In the GRADE system, the 
level of evidence is divided into four categories: high, mod-
erate, low, and very low. The quality of evidence is primarily 
determined by the study design, with observational stud-
ies initially assigned a low level of certainty. The certainty 
of evidence is rated as low when there are no reasons to 
downgrade, and very low if there is at least one reason to 
downgrade the certainty of evidence. When there are some 
reasons to upgrade the certainty of evidence (e.g., strong 
association), with no other reasons to downgrade, the results 
of observational studies could be upgraded to the level of 
‘moderate.’

Overlap Assessment

The degree of overlap between the included SRs/MAs 
was assessed by creating citation matrices and calculating 
the “Corrected Covered Area” (CCA)24 using the following 
formula:

CCA = (n − r)∕(rc − r),

http://www.amstar.ca
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where n refers to all the original studies included, r denotes 
all the original studies included after deduplication, and c is 
the number of studies included in the umbrella review. The 
overlap can be classified into four levels based on the results 
of CCA as follows: slight overlap (0–5), moderate overlap 
(6–10), high overlap (11–15), and very high overlap (> 15). 
The overlap was reported and recognized as a limitation if 
necessary.

Data Analysis

We extracted the effect size and a 95% CI for each risk 
factor from the included SRs/MAs. For instances in which 
both a random-effects model and a fixed-effects model were 
applied to analyze the same risk factor, we predominantly 
extracted the former as the final outcome. The measures of 
heterogeneity and publication bias in relevant meta-analyses 
were obtained by extracting the I2 value of the Egger’s test 
and the P value of the Begg’s test. If these data were absent 
from the meta-analyses, the I2 statistic was computed to 
evaluate heterogeneity, and the Egger’s test was performed 
to assess the publication bias, provided that detailed primary 
data were available.

Significant heterogeneity was defined as I2 greater than 
50%, whereas statistically significant publication bias was 
indicated by a P value lower than 0.1 for Egger’s or Begg’s 
test. We assessed whether there was evidence for small-study 
effects. When the effect size of the largest study was more 
conservative than the summary effect size of the random-
effects meta-analysis and the P value of Egger’s test was less 
than 0.1, this possibly indicated the presence of small-study 
effects, in which smaller studies tended to yield significantly 
larger estimates of effect size than larger studies.25

RESULTS

Study Selection Results

The literature search identified 401 records. One record 
was obtained by tracking reference lists of the included 
studies. Before the screening, 175 duplicated records were 
removed automatically by Endnote and manually by hand. 
Then, after screening 226 records, the study excluded 167 
records. Of the remaining 59 articles, 51 were retrieved for 
full-text reading. Finally, 14 publications10–12,14,26–33,35 were 
included in the umbrella review (see Supplementary File 3 
for studies excluded with reasons). The search results and 
the selection process are detailed in Fig 1.

Characteristics of the Included Studies

Of the included articles, 4 were SRs without quan-
titative synthesis,10,14,27,32 and 10 were SRs with 

meta-analyses.11,12,26,28–31,33,35 Five SRs/MAs were per-
formed by authors from China, two by authors from Amer-
ica, two by authors from Australia, and the others by authors 
from Brazil, England, Netherlands, Greece, and Burundi 
(Tables 1, 2). Of the included SRs/MAs, 79% (11/14) were 
published in the last 5 years, with the earliest one published 
in 2013. The number of original studies included in the SRs/
MAs ranged from 6 to 72, with 6 to 57 of these original 
studies related to risk factors for BCRL. The total number of 
participants recruited ranged from 1379 to 28,615.

Only two SRs/MAs were registered. Five SRs/MAs were 
reported following PRISMA, with two of them addition-
ally adhering to MOOSE (Checklist for Meta-Analyses of 
Observational Studies). A total of 283 primary studies were 
included. After deduplication, 176 primary studies were 
retained. According to the formula of CCA = (283 – 176)/
(176 *14 – 176)  = 0.047, the primary studies included were 
slightly overlapped, which was not likely to have an impact 
on the conclusion. The citation overlap matrix is shown in 
Supplementary File STable 3.

Risk Factors for Breast Cancer‑Related Lymphedema

The included SRs/Mas reported 39 risk factors. These 
risk factors could be categorized according to the Health 
Ecological Model as follows:36 (1) innate personal trait-
related factors (n = 29): gene variations, age, race, BMI, 
presence of comorbidities, diabetes, hypertension, chronic 
obstructive pulmonary disease (COPD), history of limb 
damage, tumor stage, lymph node status, pathologic T clas-
sification, higher nodal ratio, treatment on the dominant side, 
axillary lymph node dissection (ALND) (vs. sentinel lymph 
node biopsy [SLNB]), level of ALND, type of breast sur-
gery (mastectomy vs. lumpectomy), number of lymph nodes 
(LNs) dissected, number of metastatic LNs, chemotherapy, 
radiotherapy, axillary radiotherapy, breast reconstruction, 
tissue expander/implant reconstruction (vs. autologous 
reconstruction), endocrine therapy, postoperative infection, 
subcutaneous effusion, presence of at least mild upper-
body symptoms, post-radiotherapy moist desquamation; (2) 
behavioral lifestyle-related factors (n = 4): smoking, non-
participation in regular physical activity, non-engagement 
in preventive self-care activities, blood pressure readings 
taken on the treated side; (3) interpersonal network-related 
factors (n = 2): marital status, children in care age 14 years 
or younger.

(4) Socioeconomic status-related factors (n = 4): educa-
tion, income, employment status, occupation requiring a 
high level of hand use.

(5) Macro-environment-related factors (n = 1): no pre-
treatment education of BCRL received.

Without any additional quantitative synthesis, the four 
SRs reported evidence supporting associations between 
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BCRL and 23 gene variations (including HGF, VEGF-C, 
MET, KDR, FLT4, NRP2, GJC2, GJA4, IL1A, IL4, IL6, 
IL10, IL13, NFKB2, FOXC2, RORC, LCP2, KCNA1, 
KCNJ3, KCNJ6, KCNK3, SYK, VCAM1), age, BMI, type 
of breast cancer surgery, and the like based on descrip-
tive synthesis. Kapellas et al.10 updated the results of Vis-
ser et al.32 by including two new studies and adding five 
genes (GJA4, KCNA1, KCNJ3, KCNJ6, KCNK3). Guliyeva 
et al.14 performed a systematic review including seven stud-
ies to evaluate the relationship between age and the devel-
opment of BCRL. All the authors except Disipio et al.27 
declared that quantitative synthesis was not feasible due to 
significant heterogeneity among methods, study design, and 
outcome reporting, as well as other differences.

Among the 10 MAs, four articles focused on single risk 
factors, with two articles on BMI (Manirakiza et al.29, Wu 
et al.33), one article on breast reconstruction surgery (Siotos 
et al.30), and the remaining article on radiotherapy (Kanda 

et al.28). As shown in Table 3, 30 unique meta-analyses on 
certain risk factors were provided. The median number of 
included studies was eight (range 2–33). Of the meta-analy-
ses, 20 were performed with the random-effects model and 
10 with the fixed-effects model. Half of these meta-analyes 
showed significant heterogeneity, with an I2 greater than 
50%. The 25 meta-analyses with publication bias evalua-
tion (one with a funnel plot and the others with an Egger’s 
test) had significant publication bias in associations between 
the level of ALND and postoperation infection and BCRL, 
with an Egger’s P value lower than 0.1. Small study effects 
also were detected in these two meta-analyses.

Innate Personal Trait‑Related Risk Factors

The majority of the MAs (87%) studied risk factors of 
innate personal traits, with none relevant to the macro-
environments domain and 26 identified as focusing on 22 

FIG. 1   Flow diagram of study 
selection process Identification of studies via databases and registers
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risk factors for BCRL. Higher BMI, hypertension, advanced 
tumor stage (stage ≥ II vs. stages 0 and I), advanced patho-
logic T classification, ALND, expanded level of ALND, 
more LNs dissected (> 15 vs. ≤ 15), more positive LNs, 
presence of postoperative complications, postoperative 
infection, subcutaneous effusion, and reception of chemo-
therapy and radiotherapy were demonstrated to be risk fac-
tors for BCRL. Patients undergoing ALND experienced a 
13.7% increase in BCRL incidence compared with those 
undergoing SLNB (n = 19; pooled SMD, 0.137 [95% CI 
0.105–0.168], I2 = 97.40%).26 Breast reconstruction was 
found to be a protective factor for the occurrence of BCRL 
(n = 16; pooled OR, 0.66 [95% CI 0.55–0.79], I2 = 23%).30 
The associations between age (≥ 60 vs. < 60 years), race 
(African American vs. Caucasian), COPD, diabetes, type of 
breast surgery (mastectomy vs. lumpectomy), type of breast 
reconstruction (tissue expander/implant reconstruction vs. 
autologous reconstruction), side of treatment (dominant side 
vs. non-dominant side), and endocrine therapy were not sta-
tistically significant.

Behavioral Lifestyle‑Related Risk Factors

For behavioral lifestyle-related factors, only one meta-
analysis on smoking was included.11 However, pooled analy-
sis showed that smoking was not a risk factor (n = 4; pooled 
OR, 1.04 [95% CI 0.83–1.30], I2 = 0%). Other potential risk 
factors such as regular physical activity, preventive self-care 
activities, and blood pressure readings taken on the treated 
side were mentioned only in qualitative description without 
meta-analyses.

Interpersonal Network‑Related Risk Factors

Two MAs on marital status (married vs. unmarried) 
were reported among the included systematic reviews (Zhu 
et al.,11 Chen et al.34), and both showed insignificant pooled 
odds ratios. We retained the meta-analysis with more pri-
mary studies on marital status (n = 8; pooled OR, 0.88 [95% 
CI 0.77–1.01], I2 = 43%) from the article of Chen et al.34 
Disipio et al.27 reviewed children 14 years of age or younger 
in care as a possible risk factor with evidence only from a 
prospective cohort study (OR 0.2).

Socioeconomic Status‑Related Risk Factors

Four possible socioeconomic status-related risk fac-
tors requiring a high level of hand use (education, income, 
employment status, and occupation) were identified by 
the included systematic reviews. Education (high school Ta
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or above vs. below: n = 6; pooled OR, 1.00; 95% CI 
0.71–1.41)\34 and employment status (employed vs. unem-
ployed: n = 3; pooled OR, 1.37; 95% CI 0.86–2.20)11 were 
supported by meta-analyses. However, the pooled effect 
sizes of both factors were not statistically significant.

Macro‑environments‑Related Risk Factors

No meta-analysis was identified for this domain of risk 
factors. No pretreatment education on BCRL was mentioned 
as a possible risk factor by one included systematic review 
(Disipio et al.27), and we classified this factor as a macro-
environments-related factor because it reflected the health 
care quality patients received during breast cancer treatment.

Methodologic Quality, Risk of Bias, and Evidence Quality

With the AMSTAR2, the methodologic quality of seven 
SRs/MAs was evaluated as low, whereas the remaining 
seven SRs/MAs were evaluated as critically low. To be spe-
cific, not all the SRs/MAs reported on the sources of funding 
for the included studies. In addition, items on prior estab-
lished protocols (n = 12), data extraction in duplicate (n = 6), 
justification of study design (n = 6), meta-analysis assessing 
the impact of risk of bias (n = 6), interpretation/discussion 
of results including the risk of bias of studies (n = 5), and 

investigation of publication bias in the meta-analysis (n = 5) 
generally were not met, which resulted in overall low meth-
odologic quality (Table 4).

Table 5 and Fig. 2 show the results of the risk-of-bias 
assessment using ROBIS. The risk of bias was high in 12 of 
the SRs/MAs. Only one meta-analysis was judged as having 
a low risk of bias, and the risk of bias in one meta-analysis 
was unclear. Domain 2 (Identification and Selection of Stud-
ies) showed the highest risk of bias, with 10 SRs/MAs clas-
sified as a high bias risk. Seven SRs/MAs were at a high 
bias risk on Domain 4 (Synthesis and Findings). Six SRs/
MAs were at a high bias risk on Domain 1 (Study Eligibil-
ity Criteria), and three SRS/MAs were evaluated as having 
a high risk of bias on Domain 3 (Data Collection and Study 
Appraisal).

This umbrella review identified 30 unique risk factors 
with meta-analyses. The GRADE assessment of evidence 
quality identified 22 risk factors as having low-quality evi-
dence and 8 risk factors as having moderate-quality evi-
dence, which were upgraded due to strong associations (OR 
> 2; Table 3). Additionally, high heterogeneity (15 meta-
analyses with I2 > 50%) and the small number of included 
studies (16 meta-analyses with fewer than 10 studies) also 
decreased the overall evidence quality.

TABLE 4   Methodologic quality results for included studies by AMSTAR2

AMSTAR-2, the Assessing the Methodological Quality of Systematic Reviews-2; Q1, complete research question and criteria (PICO); Q2, reg-
istered protocol; Q3, justification of study design; Q4, comprehensive literature search; Q5, study selection in duplicate; Q6, data extraction in 
duplicate; Q7, justification of excluded studies; Q8, description of included studies; Q9, assessing the risk of bias (RoB); Q10, reporting on the 
sources of funding for the studies included; Q11, meta-analysis using appropriate statistical methods combining results; Q12, meta-analysis 
assessing the impact of RoB; Q13, interpretation/discussion of results must include risk of bias of studies; Q14, discussion of heterogeneity; 
Q15, investigation of publication bias in meta-analysis; Q16, reporting conflict of interest; Y, yes; N, No; PY, partial yes; NA, not applicable; L, 
low; CL, critically low
a Critical domain

Study Q1 Q2a Q3 Q4a Q5 Q6 Q7a Q8 Q9a Q10 Q11a Q12 Q13a Q14 Q15a Q16a Ranking 
of qual-
ity

Disipio et al.27 Y N Y PY N N PY PY Y N NA NA Y N NA Y L
Zhu et al.11 N N N PY Y Y PY Y Y N Y Y Y Y Y Y L
Siotos et al.30 N N Y Y Y Y PY Y Y N Y N Y Y Y Y L
Manirakiza et al.29 Y N N PY Y N PY PY Y N Y N Y Y Y N L
Visser et al.32 Y N N PY Y Y PY PY PY N NA NA Y Y NA Y L
Wu et al.33 Y N N Y Y Y PY Y Y N Y Y N Y Y Y CL
Kanda et al.28 Y N N Y Y N PY Y Y N Y N Y Y N N CL
Torgbenu et al.31 Y Y Y Y Y Y PY Y Y N Y N N Y N Y CL
Guliyeva et al.14 N N N Y Y N PY Y Y N NA NA NA Y NA Y L
Lin et al.12 Y N Y Y Y Y PY Y Y N Y Y Y Y N Y CL
Chen et al.34 Y N Y Y Y N PY Y Y N Y N N Y Y N CL
Zhang et al.35 Y N Y Y Y Y PY Y Y N Y Y Y Y Y Y L
Che et al.26 Y Y Y Y Y N PY Y Y N Y N N Y N Y CL
Kapellas et al.10 Y N Y Y Y Y PY Y Y N NA NA N Y N Y CL
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DISCUSSION

To our knowledge, the current umbrella review is the 
first effort to comprehensively review the risk factors for 
BCRL, assess the robustness of associations, and grade the 
available evidence accordingly. From 14 included SRs/MAs, 
39 risk factors for BCRL and 30 associations with meta-
analyses were identified. The findings show a statistically 
significant association of 14 factors with the occurrence of 
BCRL including BMI, hypertension, tumor stage, patho-
logic T classification, ALND, level of ALND, number of 
LNs dissected, number of positive LNs, postoperative com-
plications, postoperative infection, subcutaneous effusion, 
chemotherapy, radiotherapy, and breast reconstruction.

We classified the identified risk factors for BCRL into 
five domains based on the Health Ecological Model put for-
ward by Bronfenbrenner.36 The Health Ecological Model 
emphasizes that the health status and outcome of individuals 

or populations are the result of multiple and multi-level fac-
tors, including innate personal traits, behavioral lifestyle, 
interpersonal networks, socioeconomic status, and macro-
environments.37 However, the majority of the identified fac-
tors were related to innate personal traits, with few other 
domains of influencing factors. This highlights that despite 
extensive research on the risk factors for BCRL, a lack of 
attention still is given to behavioral, interpersonal, and 
socio-environmental-related factors, which are modifiable 
and valuable for lymphedema prevention. Considering that 
the development of BCRL is a lifelong risk for breast cancer 
patients, further original research is necessary to explore 
the potential impact of these factors on the occurrence and 
development of BCRL.

Body mass index has always been a highly scrutinized 
risk factor for BCRL. Two included MAs focused exclu-
sively on BMI.29,33 Seven meta-analyses on the associa-
tion between BMI and BCRL were identified from seven 

TABLE 5   Risk of bias results for included studies by ROBIS

ROBIS, Risk of Bias in Systematic Reviews

Study Domain 1: study 
eligibility criteria

Domain 2: identification and 
selection of studies

Domain 3: data collection 
and study appraisal

Domain 4: synthesis 
and findings

Risk of bias

Disipio et al.27 Low High High High High
Zhu et al.11 High High Low Low High
Siotos et al.30 High High Low Low High
Manirakiza et al.29 High High Unclear High High
Visser et al.32 Low High High Unclear High
Wu et al.33 High High Low Low High
Kanda et al.28 High High High High High
Torgbenu et al.31 Low Low Low High High
Guliyeva et al.14 High High Unclear High High
Lin et al.12 Low High Low Low High
Chen et al.34 Low Low Unclear Low Unclear
Zhang et al.35 Low Low Low Low Low
Che et al.26 Low High Unclear High High
Kapellas et al.10 Low Low Low High High

FIG. 2   Graphic representation 
of the ROBIS results risk of bias

4.synthesis and findings

3.data collection and study appraisal

2.identification and selection of studies

1.study eligibility criteria

0.00% 20.00%

high low unclear

40.00% 60.00% 80.00% 100.00%
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included publications, with consistent findings. According 
to our results, a higher BMI is a significant risk factor for 
BCRL, with the magnitude of risk increasing across higher 
categories of BMI (< 25, 25–30, ≥ 30 kg/m2).29

The mechanisms underlying the association between 
higher BMI and lymphedema development remain unclear, 
but some hypotheses suggest that lipid accumulation may 
impede lymphatic fluid transport due to chronic inflamma-
tion.29 Body weight management is highly beneficial for the 
prognosis of postoperative breast cancer patients, not only 
in terms of preventing lymphedema but also in terms of pro-
moting overall health.38 Health care providers should offer 
guidance and support to help breast cancer patients develop 
a personalized weight management plan (e.g., dietary con-
trol) and exercise guidance.

Controversy exists among multiple studies and SRs/MAs 
regarding whether age is a contributing factor for BCRL.14 
This umbrella review confirmed that older age does not 
increase the risk of BCRL. However, a systematic review 
of Guliyeva et al.14 noted that age was possibly associated 
with the severity of BCRL. This highlights the importance 
of targeting elderly breast cancer patients as a key population 
for lymphedema prevention.

Breast cancer patients with hypertension were found to 
have a 4.76-fold risk of BCRL versus those without hyper-
tension.35 But this association has been supported only by 
studies of the Chinese breast cancer population. Further 
research is required to verify this association among other 
populations.

Cancer- and treatment-related factors dominate the innate 
personal trait-related factors for BCRL. The association 
between tumor stage and the risk of BCRL has been sup-
ported by many previous studies.27 It could be explained 
that breast cancer patients with more advanced tumor stages 
usually undergo more extensive surgery, which would cause 
more damage to the lymphatic system.31 Similarly, we found 
that advanced pathologic T classification also increased 
BCRL risk. Once again, reception of ALND (vs. SLNB or 
non-ALND), expanded level of ALND, more LNs dissected, 
more positive LNs, reception of chemotherapy, radiotherapy, 
and postoperative complications (infection, subcutaneous 
effusion), which were commonly recognized, have proved 
to be risk factors for the BCRL.

Moreover, we found that breast reconstruction surgery 
protected breast cancer patients from BCRL risk. Siotos 
et al.30 performed a meta-analysis especially on the associa-
tion between breast reconstruction surgery and the risk for 
the development of BCRL and showed that breast recon-
struction was associated with lower rates of lymphedema 
than mastectomy or breast-conserving surgery. Identifying 
the aforementioned risk factors can serve as a reference that 
health care providers and breast cancer patients can use in 
making reasonable treatment decisions.

Genetic variations leading to lymphedema were tradition-
ally classified as primary lymphedema, whereas secondary 
lymphedema often occurs after trauma or cancer treatment, 
particularly after surgery and/or radiation therapy to the 
axilla in breast cancer patients.10 Two included SRs exam-
ined the genetic predisposition to BCRL. They showed that 
23 genes (including HGF, VEGF-C, and the like), mainly 
related to lymph-angiogenesis and angiogenesis, have 
genetic variations in patients with BCRL.10,32 A significant 
overlap was found between these genetic variations and 
those mutated in primary lymphedema.

These findings highlight the importance of genetic sus-
ceptibility in the development of BCRL, altering the tra-
ditional perception of its iatrogenic etiology. In this era 
of precision medicine, taking the genetic perspective into 
account when the risk of BCRL is assessed provides a novel 
approach for the precise prediction and management of 
BCRL. Additional well-designed research is needed given 
the low level of evidence and the considerable heterogeneity 
of available evidence.

Recent research has indicated that pathophysiologic 
factors, such as VEGF-C, MCP-1, and CD4+ cells, may 
contribute to the development of secondary lymphedema.9 
However, none of the included SRs/MAs addressed patho-
physiologic factors due to limited primary studies, which 
also hints the direction for future research.

High-quality SRs/MAs are essential to support health 
care decision-making. We assessed the methodologic qual-
ity of the included SRs/MAs using both AMSTAR2 and 
ROBIS, which were basically similar, but with some dif-
ferences.39 However, the overall quality was low with both 
AMSTAR2 and ROBIS, indicating that the review may have 
had significant flaws and thus may not be entirely reliable. In 
the AMSTAR2 assessment, none of the included SRs/MAs 
scored items regarding sources of funding reports, raising 
the possibility of potential conflicts of interest with com-
mercial entities.21

Adherence to well-developed protocols reduces the risk 
of bias in a review, but the protocols of the included SRs/
MAs were seldom registered or reported.21 The common 
reasons for risk of bias based on ROBIS included failure 
to search unpublished literature, no additional methods to 
identify relevant records, no bias control in data extraction, 
and the like.22

It is worth mentioning that the included publications were 
poorly reported, with only one third following the reporting 
checklist of PRISMA or MOOSE. We believe this could 
partially explain the low quality of the SRs/MAs because 
lack of clarity on methodologic details also lowers the qual-
ity. Notably, both AMSTAR2 and ROBIS primarily evaluate 
the process of conducting SRs/MAs rather than the quality 
of the included primary studies.
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In addition to the methodologic quality assessment, we 
used GRADE to assess evidence quality of the meta-anal-
yses on each association.23 Given that the SRs of risk fac-
tors included only observational studies, the evidence was 
considered to be low by default. Additionally, the evidence 
quality of the included meta-analyses was not upgraded by 
considerations of dose-response relationships, controlling 
for confounding factors, and strong effect sizes. In sum-
mary, future research should focus on adhering strictly to 
methodologic guidance and reporting checklists to provide 
high-quality evidence.

This study used an umbrella review to systematically 
identify potential risk factors for BCRL that can inform 
the inclusion of variables in BCRL risk-prediction mod-
els, thereby enhancing the prediction performance of such 
models. Additionally, the results of our study can assist 
physicians and patients in gaining a better understanding 
of an individual breast cancer patient’s risk of experienc-
ing BCRL, which can facilitate informed treatment deci-
sions and promote patients’ lymphedema self-management 
adherence.

Furthermore, identification of high-risk populations for 
BCRL enables the development and implementation of pro-
spective surveillance programs and precise prevention strate-
gies, thus improving the efficiency of BCRL prevention and 
management. By clarifying currently available risk factors in 
SRs/MAs and assessing the quality of existing evidence, this 
umbrella review may contribute to a more thorough under-
standing of the associations between potential risk factors 
(from pathophysiologic factors to lifestyle-related behavior 
factors) and the development of BCRL. Meanwhile, we also 
enhance the needs and provide directions for future research 
in genetic predisposition, pathophysiologic factors, and 
behavioral-, interpersonal-, and environmental-related fac-
tors for BCRL.

STUDY LIMITATIONS

Several limitations of this review need to be declared. 
First, although CCA was calculated to estimate the degree 
of overlap, its impact cannot be removed, which would have 
made the results biased by inflating the associations. Sec-
ond, we considered only evidence synthesized in SRs/MAs, 
which may have excluded relevant primary studies. Third, 
we did not extract the data from original studies included 
in the SRs/MAs, which led to stratification of evidence not 
being performed as planned. Finally, based on the available 
SRs/MAs, we failed to synthesize evidence on pathophysi-
ologic factors for the development of BCRL. Future efforts 
should be made to study possible pathophysiologic factors or 
the development of BCRL by primary research or systematic 
reviews if possible.

CONCLUSIONS

In summary, this umbrella review identified 39 potential 
factors for BCRL within five domains of the Health Ecologi-
cal Model based on 14 SRs/MAs. The risk factors for BCRL 
were higher BMI, hypertension, advanced tumor stage, 
higher pathologic T classification, ALND, higher level of 
ALND, more LNs dissected, more positive LNs, postopera-
tive complications, postoperative infection, subcutaneous 
effusion, chemotherapy, and radiotherapy. Breast recon-
struction was a protective factor. Our findings contribute to 
a better understanding of the association between potential 
risk factors and BCRL and can provide valuable informa-
tion to both health care providers and breast cancer patients 
regarding BCRL risk prediction, precise prevention, and 
management. However, considering the low quality of the 
SRs/MAs, significant risk of bias, and low level of evidence 
for most associations, we recommend more well-conducted 
cohort studies and robust meta-analyses. Furthermore, future 
research should explore other potential unproven risk factors 
(genetic variations, pathophysiologic factors, and behavio-
ral-, interpersonal-, and environmental-related factors) with 
rigorous studies.
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