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Effect of BMI-stratified
management based on the
meridian-lymph axis theory on
lower extremity lymphedema
after gynecological cancer
surgery: a randomized
controlled trial

Yulin Geng and Hong Zhang*

Gynecological Oncology, Tongji Hospital, Tongji Medical College of Huazhong University of Science
and Technology (HUST), Wuhan, Hubei, China
Background: Lower-extremity lymphedema (LEL) is a chronic complication after

gynecological cancer surgery. Obesity may aggravate lymphatic dysfunction and

reduce the effectiveness of standard physical management. We evaluated a BMI-

strat ified integrated intervent ion informed by a mer id ian-lymph

conceptual framework.

Methods: A total of 60 patients with gynecological cancer-related LEL were

randomly assigned in a 1:1 ratio to an intervention group (n=30) or a control group

(n=30). The intervention group received BMI-stratified meridian massage and

dietary and health guidance for 6 months, whereas the control group received

compression stockings, health education, and aerobic exercise. Patients were

divided into three subgroups by BMI: <24 kg/m², 24–27.9 kg/m², and ≥28 kg/m².

The primary outcome was change in affected-limb volume, and quality of life was

assessed using LYMQOL. Outcome assessors were blinded to group allocation.

Results: At 6 months, affected-limb volume decreased by 32.1 ± 6.2% in the

intervention group and 14.3 ± 5.8% in the control group (P<0.01). LYMQOL scores

improved by 15.2 ± 3.1 and 6.8 ± 2.9 points, respectively (P<0.01). Exploratory

subgroup analysis suggested a greater volume reduction among participants with

BMI ≥28 kg/m² than among those with BMI 24-27.9 kg/m² (P = 0.02). Three

participants in the intervention group developed transient skin redness, and no

serious adverse events were reported.

Conclusion: In patients with LEL after gynecological cancer surgery, the BMI-

stratified integrated intervention was associated with greater improvement in limb

volume and quality of life than conventional care over 6 months.

Clinical trial registration: ClinicalTrials.gov, identifier NCT07374835.
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1 Introduction

Lower extremity lymphedema (LEL) is a common chronic

complication after lymph-node dissection or radiotherapy for

cervical and endometrial cancer and can substantially impair

function, body image, and quality of life (1). Elevated BMI is a

recognized risk factor for lymphatic dysfunction. Experimental

studies have shown that diet-induced obesity is associated with

adipose expansion, reduced collecting-lymphatic contraction fre-

quency and responsiveness to mechanical stimulation,

perilymphatic inflammation, increased lymphatic leakiness, and

impaired lymphatic transport. Aerobic exercise can partially restore

lymphatic pumping and transport even in the absence of weight loss

(2, 3). Existing interventions have obvious limitations. Air pressure

devices have insufficient tissue penetration in obese patients and

may cause discomfort in emaciated patients; multi-layer bandaging

easily loosens in high-temperature environments and induces

contact dermatitis; kinesiology tape is nearly ineffective in over-

weight patients due to insufficient adhesion (4–6). These dilemmas

highlight the urgent need for BMI-stratified, individualized treat-

ment strategies.

The “meridian-lymph axis” theory provides a potential concep-

tual perspective for LEL management. Anatomical studies have

characterized the superficial lymphatic drainage pathways of the

lower extremities, while experimental evidence indicates that

neuropeptides such as calcitonin gene-related peptide may modu-

late lymphatic vessel function (7, 8). However, these findings do not

establish a direct anatomical correspondence between specific

acupoints and lymphatic vessels, and direct evidence for

acupoint-specific regulation of human lymphatic function remains

limited. Therefore, in the present study, the “meridian-lymph axis”

is used as a clinical conceptual framework rather than as an

established anatomical or mechanistic pathway.

Beyond intrinsic lymphatic contractility, extrinsic mechanical

forces also contribute to lymph propulsion. Human scintigraphic

studies have shown that dynamic and isometric skeletal-muscle

contractions increase lymph clearance, supporting a role for muscle

contraction and tissue deformation in lymph transport.

Experimental studies further indicate that collecting lymphatic

vessels are mechanosensitive and can entrain their contractions to

oscillatory external pressure, providing a physiological basis for

compression-based physical management (9, 10). Together with

evidence of obesity-related lymphatic dysfunction (2, 3), these

findings provide the established physiological background for the

BMI-stratified management strategy evaluated in this study. This

paper proposes a meridian-lymph integrated treatment strategy

based on BMI stratification. For patients with different BMI levels,

manual acupoint pressure was applied at SP6, SP9, SP10, and ST36,

with the duration and supportive management adjusted according
Abbreviations: LEL, Lower Extremity Lymphedema; BMI, Body Mass Index; ISL,

International Society of Lymphology; GI, Glycemic Index; LYMQOL,

Lymphedema Quality of Life Questionnaire; SPSS, Statistical Package for the

Social Sciences; SP6, Sanyinjiao (acupoint); SP9, Yinlingquan (acupoint); SP10,

Xuehai (acupoint); ST36, Zusanli (acupoint); VEGF-C, Vascular Endothelial

Growth Factor-C; QoL, Quality of Life.
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to BMI stratification. This strategy aims to provide an individual-

ized approach for the management of lower extremity lymphedema

(11, 12). This program aims to break through the bottleneck of

current physical therapy through anatomical-functional dual tar-

geting, providing a new paradigm for precise LEL management.
2 Methods

2.1 Study design

This was a single-center, open-label, parallel-group randomized

controlled trial. Eligible participants were assigned in a 1:1 ratio to

the BMI-stratified integrated intervention or conventional care and

followed for 6 months. Because participants and treating staff could

not be blinded to the behavioral and manual intervention, outcome

assessments were performed by researchers blinded to group

allocation. The study was conducted by a multidisciplinary team

comprising head nurses, certified lymphedema therapists,

and oncologists.

The random allocation sequence was generated before partic-

ipant enrollment by an independent researcher using a computer-

generated random-number list with a 1:1 allocation ratio. The

allocation sequence was concealed from the investigators responsi-

ble for participant recruitment and baseline assessment. Group

assignments were placed in sequentially numbered, opaque, sealed

envelopes prepared according to the randomization sequence. After

a participant had completed enrollment and baseline assessment,

the next envelope in numerical order was opened to determine

group assignment. Outcome assessors remained blinded to group

allocation throughout the study.

2.1.1 Study subjects and recruitment

Inclusion criteria were age 18–75 years, gynecological cancer

treated with lymph-node dissection, and clinically diagnosed post-

operative lower-extremity lymphedema according to the criteria of

the International Society of Lymphology (ISL). Diagnosis was based

on clinical examination, including persistent limb swelling, circum-

ferential limb measurement, and exclusion of edema caused by

systemic diseases such as cardiac or renal disorders. Lymphedema

severity was classified according to the ISL staging system BMI was

categorized as <24, 24-27.9, or ≥28 kg/m².

Exclusion criteria were pre-existing lymphedema, edema pri-

marily attributable to renal or cardiac disease, and severe cognitive

or psychiatric disorders that precluded participation.

Sample size was estimated using G*Power 3.1 based on the

study protocol. With a two-sided a of 0.05, a statistical power of

80%, and an expected large effect size (Cohen’s d=0.8), the planned

sample size was 30 participants per group, resulting in a total

sample size of 60 participants.

2.1.2 Follow-up and outcome framework

Outcome assessments were conducted at baseline and 6

months. The primary outcome was the percentage change in
frontiersin.org
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affected-limb volume at 6 months. The secondary outcome was the

change in LYMQOL score. Adverse events were recorded through-

out the intervention period.

The eligibility criteria, intervention procedures, primary and

secondary outcomes, and assessment time points were consistent

with the registered protocol (ClinicalTrials.gov identifier:

NCT07374835). During the study implementation, additional

prespecified secondary outcomes, including GCLQ, L-Dex, and

tissue hardness, were not assessed due to practical limitations and

were therefore excluded from the final analysis.

2.1.3 Ethics and registration

All participants provided written informed consent. The pro-

tocol was approved by the Ethics Committee of Tongji Hospital,

Tongji Medical College, Huazhong University of Science and

Technology (approval number: TJ-IRB202512073) and was regis-

tered at ClinicalTrials.gov (NCT07374835).

2.2 Intervention protocols

Intervention procedures were delivered for 6 months according

to the BMI-specific schedule shown in Table 1. Massage was

performed three times daily at SP6, SP9, and SP10, with ST36

additionally included for participants with BMI ≥28 kg/m².

Duration was 3 min per acupoint for BMI <24 kg/m² and 5–10

min per acupoint for BMI ≥24 kg/m². Dietary guidance was low-salt

for BMI 24-27.9 kg/m² and low-GI, high-protein for BMI ≥28 kg/

m². The BMI ≥28 kg/m² subgroup also received WeChat-based

supervision. Control participants received compression stockings,

health education, and aerobic walking as specified in Table 1.

Meridian massage was delivered by qualified rehabilitation

therapists who received unified training before the intervention. A

written protocol standardized acupoint selection, massage pressure,

duration, frequency, and BMI-specific supportive management.

Treatment procedures were reviewed during scheduled follow-

up visits.

Participants were instructed to record their daily dietary intake

and received individualized dietary counselling during follow-up.

Intervention adherence was monitored during follow-up but was

not quantitatively assessed using a prespecified numerical measure

and was therefore not included in the final analysis. The control

group received the conventional-care components specified in

Table 1, and no additional attention-matched intervention

was provided.
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2.3 Outcome measures

The primary outcome was the percentage change in affected-

limb volume from baseline to 6 months. Affected-limb circumfer-

ence was measured at 4-cm intervals using a standardized circum-

ferential measurement protocol, and limb volume was calculated

from the serial circumference measurements. The secondary out-

come was quality of life, assessed using the validated Chinese

version of the LYMQOL. Adverse events, including skin irritation,

were recorded throughout the intervention period.

Outcome assessments were performed at baseline and 6 months

by uniformly trained researchers who were blinded to group

allocation. Formal intra-rater or inter-rater reliability testing was

not performed for the circumferential measurements. To minimize

measurement variability, all assessors received standardized train-

ing and followed the same 4-cm interval measurement protocol.

GCLQ, L-Dex, and tissue hardness were prespecified as additional

secondary outcomes in the registered protocol. However, these out-

comes were not assessed during the study period and were therefore

not included in the final analysis. Accordingly, reliability assessment for

tissue hardness was not applicable. Intervention adherence was mon-

itored during follow-up but was not quantitatively assessed using a

prespecified metric and was therefore not included in the final analysis.

2.4 Statistical analysis

Statistical analyses were performed using SPSS 26.0. Continuous

variables are presented as mean ± SD and categorical variables as n (%).

The original statistical analysis plan specified independent-samples t

tests for between-group comparisons and repeated-measures or longi-

tudinal analyses for outcomes assessed at multiple follow-up time

points. In the present manuscript, however, the efficacy analysis was

restricted to changes from baseline to 6 months, and intermediate 1-

and 3-month outcomes were not included in the final analysis.

Therefore, between-group differences in the changes in affected-limb

volume and LYMQOL scores from baseline to 6 months were analyzed

using independent-samples t tests. Mean between-group differences and

corresponding 95% confidence intervals (CIs) were estimated within the

same statistical framework. No repeated-measures ANOVA or gener-

alized estimating equation model was applied to the outcomes reported

in the present manuscript. This represents a deviation from the original

statistical analysis plan and is reported transparently. The comparison of

affected-limb volume reduction between the BMI ≥28 kg/m² and BMI

24–27.9 kg/m² subgroups was exploratory. A two-sided P value <0.05

was considered statistically significant.
TABLE 1 BMI-stratified intervention protocols.

Group BMI <24 kg/m² BMI 24-27.9 kg/m² BMI ≥28 kg/m²

Control group
Compression stockings; health

education; aerobic walking (30 min/day,
5 days/week)

Compression stockings; health education;
aerobic walking (30 min/day, 5 days/week)

Compression stockings; health education; aerobic
walking (30 min/day, 5 days/week)

Intervention group

Meridian massage at SP6, SP9, and
SP10 (finger pressure, 3 min/acupoint, 3
times/day); standard health education;

follow-up at 1, 3, and 6 months

Meridian massage at SP6, SP9, and SP10
(5–10 min/acupoint, 3 times/day); low-salt

dietary guidance; enhanced health
education; follow-up at 1, 3, and 6 months

Meridian massage at SP6, SP9, SP10, and ST36 (5–10
min/acupoint, 3 times/day); low-GI, high-protein
dietary guidance; compression stockings; WeChat

supervision; follow-up at 1, 3, and 6 months
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3 Results

3.1 Baseline characteristics

Sixty participants were randomized, with 30 assigned to the

intervention group and 30 to the control group (Figure 1). Baseline

demographic and clinical characteristics are presented in Table 2.

No statistically significant differences were observed between the
Frontiers in Oncology 04
two groups in age, BMI, BMI category, cancer type, tumor stage,

number of lymph nodes dissected, chemotherapy, radiotherapy, or

baseline clinical measurements (all P>0.05), indicating generally

comparable baseline characteristics between the random-

ized groups.

3.2 Main results

The comparison of intervention effects at 6 months between the

intervention and control groups is presented in Table 3. At 6

months, the intervention group showed a significantly greater

reduction in affected-limb volume compared with the control

group (P<0.01). Similarly, LYMQOL scores improved more in the

intervention group than in the control group (P<0.01).

3.2.1 Subgroup analysis

An exploratory comparison suggested a larger reduction in

affected-limb volume in participants with BMI ≥28 kg/m² than in

those with BMI 24–27.9 kg/m² (P = 0.02). This subgroup compar-

ison was not specifically powered, and no adjustment for multiple

comparisons was performed. Therefore, this finding should be

interpreted as exploratory rather than confirmatory.

3.3 Safety

Three of 30 participants (10.0%) in the intervention group

experienced transient skin redness that resolved within 24 hours.

No serious adverse events were reported.
4 Discussion

The present study showed that the BMI-stratified integrated

intervention was associated with a greater reduction in affected-limb

volume and greater improvement in LYMQOL scores than conven-

tional care after 6 months. Exploratory subgroup analysis also sug-

gested a greater reduction in limb volume among participants with

BMI ≥28 kg/m² than among those with BMI 24–27.9 kg/m².

Recent systematic reviews and clinical studies suggest that

exercise and combined physical therapy may improve limb

volume, symptoms, physical function, and quality of life (13–15).

Evidence for acupressure remains limited, although a recent scop-

ing review reported potential benefits in cancer-related

lymphedema (16). In the present study, SP6, SP9, SP10, and ST36

were used as standardized stimulation sites within the meridian-

lymph conceptual framework. Repeated manual pressure may

theoretically facilitate fluid movement through local tissue defor-

mation and changes in interstitial pressure; however, lymphatic

flow, vessel contractility, and related biological mechanisms were

not directly assessed. Therefore, the observed effects should be

interpreted as those of a multicomponent intervention rather

than as evidence of an acupoint-specific lymphatic mechanism.

The greater improvement observed with the BMI-stratified

intervention may be related to the close association between obesity
FIGURE 1

Flow chart.
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and impaired lymphatic function. Experimental studies have shown

that obesity-related lymphatic dysfunction may involve impaired

lymphatic transport, perilymphatic inflammation, and altered lym-

phatic vessel function, and that some of these abnormalities may

improve after weight reduction (17–21). The intervention also

incorporated BMI-specific dietary guidance and supportive man-

agement. Previous studies have reported that low-GI dietary inter-

ventions can reduce body fat and improve metabolic or

inflammatory indices in populations with metabolic disorders (22,

23), while structured lifestyle and online support programs may

improve participation in weight-management interventions (24).

These findings provide a rationale for incorporating dietary and

behavioral support into obesity-related lymphedema management.

Moreover, because the present intervention combined meridian

massage, dietary guidance, compression, health education, exercise,

and BMI-specific follow-up, the independent contribution of each

component cannot be determined. Although participants with BMI

≥28 kg/m² showed a greater reduction in affected-limb volume than

those with BMI 24–27.9 kg/m², this comparison was exploratory,

the study was not specifically powered for BMI subgroup analyses,
Frontiers in Oncology 05
and no adjustment for multiple comparisons was applied.

Therefore, this finding should be regarded as hypothesis-generating

rather than confirmatory.

This study has several limitations. Although the planned sample

size of 60 participants was based on an expected large effect size, the

study was not specifically powered for BMI-stratified subgroup

analyses, and no adjustment for multiple comparisons was applied;

therefore, subgroup findings should be interpreted as exploratory.

Participants and therapists could not be blinded, and the control

group did not receive attention-matched contact, which may have

introduced performance bias, although outcome assessors were

blinded. Intervention adherence was not quantitatively assessed,

and the multicomponent intervention prevented determination of

the independent effects of individual components. In addition, the

efficacy analysis was restricted to baseline-to-6-month changes

despite longitudinal analyses being specified in the original statis-

tical analysis plan, so intermediate treatment trajectories could not

be evaluated. Finally, follow-up was limited to 6 months, and

biological mechanisms were not directly assessed. Larger multicen-

ter studies are needed to confirm these findings.
TABLE 3 Comparison of intervention effects at 6 months.

Indicator
Intervention group

(n=30)
Control group (n=30) P-value

Between-group
difference (95% CI)

Reduction in affected-limb
volume (%)

32.1 ± 6.2 14.3 ± 5.8 <0.01 17.8 (14.7 to 20.9)

LYMQOL score improvement
(points)

15.2 ± 3.1 6.8 ± 2.9 <0.01 8.4 (6.8 to 10.0)
TABLE 2 Baseline demographic and clinical characteristics of the participants.

Characteristic Intervention group (n=30) Control group (n=30) P-value

Age, years 53.7 ± 8.4 52.9 ± 8.1 0.709

BMI, kg/m² 24.86 ± 3.12 24.71 ± 3.05 0.851

BMI category, n (%) 1

<24 kg/m² 15 (50.0) 15 (50.0)

24–27.9 kg/m² 10 (33.3) 10 (33.3)

≥28 kg/m² 5 (16.7) 5 (16.7)

Cancer type, n (%) 0.793

Cervical cancer 18 (60.0) 17 (56.7)

Endometrial cancer 9 (30.0) 10 (33.3)

Ovarian cancer 3 (10.0) 3 (10.0)

Tumor stage, n (%) 0.787

Early stage 19 (63.3) 20 (66.7)

Advanced stage 11 (36.7) 10 (33.3)

Number of lymph nodes dissected 19.4 ± 5.8 18.7 ± 5.5 0.633

Chemotherapy, n (%) 20 (66.7) 21 (70.0) 0.781

Radiotherapy, n (%) 14 (46.7) 13 (43.3) 0.795

Baseline affected-limb volume 8.72 ± 1.36 8.61 ± 1.29 0.749

Baseline LYMQOL score 42.6 ± 5.8 43.1 ± 5.6 0.735
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5 Conclusion

In this single-center randomized trial with a modest sample

size, the 6-month BMI-stratified integrated intervention was asso-

ciated with greater reductions in affected-limb volume and im-

provements in LYMQOL compared with conventional care. These

findings should be considered preliminary and require confirma-

tion in larger, adequately powered multicenter trials before defin-

itive conclusions regarding clinical efficacy can be drawn.
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therapies in the decongestive treatment of lymphedema: a randomized, non-inferiority
controlled study. Clin Rehabil. (2021) 35:1743–56. doi: 10.1177/02692155211032651

6. Borman P, Koyuncu EG, Yaman A, Calp E, Koç F, Sargut R, et al. The comparative
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