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Summary

Lipoedema is the disproportionate accumulation of adipose tissue in the lower body,

often associated with hormonal changes in women. Lipoedema is commonly misdiag-

nosed as lymphoedema or obesity due to similarities in appearance. The aim of this

study is to compare body composition and fluid measures of women with lipoedema,

lymphoedema, and matched control participants, to determine differences that may

help distinguish between each condition. One hundred and eleven participants aged

over 18, who presented with the complaint of leg swelling and underwent indocya-

nine green lymphography were included in this study. Our analysis showed that the

individuals with lymphoedema had a significantly higher overall total body water (lym-

phoedema: 9.6 ± 4.2 L, lipoedema: 7.4 ± 2.3 L, control: 7.5 ± 1.8 L; p < .001) and extra-

cellular fluid (lymphoedema: 4.6 ± 1.6, lipoedema: 3.4 ± 1.0 L, control: 3.5 ± 0.7 L;

p < .001) in the legs when compared to individuals with lipoedema and matched con-

trol participants. Individuals with lipoedema had a significantly higher overall fat mass

as a percentage of body weight when compared to individuals with lymphoedema

(lymphoedema: 33.1% ± 9.5%, lipoedema: 39.4% ± 6.5%; p = .003). We are unable to

distinguish between individuals with lipoedema and control participants, therefore

further research needs to be conducted to help reduce misdiagnosis.
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What is already known

• Lipoedema is described as the accumulation of adipose tissue in the bilateral lower legs of

women.

• This chronic disease presents symptoms that reduce quality of life.

• Due to similarities in appearance, individuals with lipoedema are commonly misdiagnosed

with lymphoedema or obesity.

What this study adds

• Bioimpedance spectroscopy could present a useful clinical diagnostic tool when differentiat-

ing lipoedema from lymphoedema.

Received: 19 October 2023 Revised: 12 March 2024 Accepted: 16 March 2024

DOI: 10.1111/cob.12658

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Authors. Clinical Obesity published by John Wiley & Sons Ltd on behalf of World Obesity Federation.

Clinical Obesity. 2024;e12658. wileyonlinelibrary.com/journal/cob 1 of 9

https://doi.org/10.1111/cob.12658

https://orcid.org/0000-0003-1654-0274
mailto:rhiannon.stellmaker@mq.edu.au
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/cob
https://doi.org/10.1111/cob.12658
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcob.12658&domain=pdf&date_stamp=2024-03-28


• Oedema does not appear to be concurrently associated with lipoedema.

• Alone, bioimpedance spectroscopy did not differentiate between participants with lipoedema

and control participants matched for body mass index.

1 | INTRODUCTION

Lipoedema is the abnormal painful accumulation of adipose tissue

mostly in the lower body, causing a noticeable disproportion between

the trunk and lower extremities.1,2 This chronic condition is typically

apparent in women and is often considered a result of hormonal fluc-

tuations.2 Lipoedema often contributes to psychological and physical

problems including anxiety, depression, low self-confidence, heavi-

ness, tension, pain, and tingling, which all reduce the individual's qual-

ity of life.3

Currently, there is no clear diagnostic criterion for lipoedema. It is

usually diagnosed through a physical examination and medical his-

tory.4 Unfortunately, as a result, lipoedema is often incorrectly diag-

nosed as lymphoedema. Although these conditions present similar

characteristics, lymphoedema occurs due to the inadequate function-

ing of the lymphatic system causing an accumulation of protein-rich

fluid in the interstitial space.3 The lack of lipoedema awareness and

the similarities in physical appearance between lipoedema and lym-

phoedema, contributes to its misdiagnosis. Lipoedema is also com-

monly misdiagnosed as obesity based on body mass index (BMI)

however individuals with lipoedema usually present a normal appear-

ance above their waist but have enlarged and swollen lower limbs.1

Diagnosis is further confounded often when obesity is concurrent

with lipoedema. Improper diagnosis can lead to ineffective treatments

and psychological burden on individuals with lipoedema.5

Bioimpedance spectroscopy (BIS) measures tissue conductivity in

response to a small bioelectrical current allowing for measurements to

be calculated on total body, extracellular, and intracellular water.6 BIS

has emerged as one of the most promising techniques to assess fluid

status in individuals while also calculating other tissue masses.7,8 BIS

technology is becoming more frequently used for analysing body com-

position in comparison to dual-energy x-ray absorptiometry (DXA), as

DXA equipment is expensive, not portable, and exposes individuals to

small amounts of radiation.9 BIS, however, is a non-invasive method

requiring little maintenance, is safe, easy to perform, portable, and rel-

atively inexpensive.6 BIS is becoming a common clinical measure help-

ing to diagnose conditions such as lymphoedema through its ability to

identify accumulation of extracellular fluid (ECF).10 While there is no

current concrete method to diagnose lipoedema, BIS could prove use-

ful in differentiating lipoedema from conditions with similar

presentations.

The aim of this study was to investigate potential key differences in

body composition and fluid measures that would assist in differentiating

lipoedema from lymphoedema and BMI-matched participants. This

research may help identify if BIS could be a valid outcome measure for

lipoedema diagnosis and aid in monitoring individuals with lipoedema.

2 | METHODS

2.1 | Eligibility criteria

This study is a retrospective analysis where data was collected

from participants who underwent Indocyanine green (ICG) lym-

phography assessment for lower limb swelling at the Australian

Lymphoedema Education, Research and Treatment (ALERT) diag-

nostic and surgical clinics at Macquarie University. Participants

with lymphoedema and lipoedema were diagnosed at the ALERT

clinic. Initially, participants with lipoedema were selected and then

matched for BMI with participants who underwent imaging for

chronic or persistent lower limb swelling. Participants had either

lymphoedema or neither lipoedema nor lymphoedema confirmed

by ICG lymphography. Data from January 2018 to October 2022

was used in this retrospective cross-sectional study. All patients

signed a written informed consent before undergoing the ICG pro-

cedure. The data included in this study was sourced from elec-

tronic medical records and Macquarie University Human Research

Ethics Committee granted ethical approval (52022613944241).

Clinical Innovation and Audit Committee approval was also

granted (MQCIAC2022003).

Participants were included if they were female, aged over

18 years, and diagnosed with either lipoedema, bilateral lower limb

lymphoedema, or not diagnosed with either condition. The diagno-

sis of lymphoedema was confirmed by the presence of dermal

backflow (superficial lymphatic congestion) identified on ICG lym-

phography. Individuals who had dermal backflow in the lipoedema

or control group were excluded from the study, as this is indicative

of lymphoedema. The lipoedema group presented to the ALERT

clinic and was diagnosed as having lipoedema and had ICG lym-

phography. The reason for undertaking ICG lymphography was to

provide to the patient objective lymphatic mapping. This allowed

clarification of their condition as many patients had been given a

prior diagnosis of or had self-diagnosed lymphoedema. The control

group presented with the complaint of leg swelling but did not have

characteristics of lipoedema or history of lymphatic injury and were

found to have no ICG evidence for the diagnosis of lymphoedema.

An ICG may have been performed on a patient to provide objective

information to substantiate or confirm a misdiagnosis or personal

believe they had a lymphatic cause of the self-report of leg swell-

ing. Individuals who had undergone liposuction surgery, or who had

contraindications to BIS such as a pacemaker or implantable device

were also excluded. All participants must have had an ICG lymphog-

raphy assessment on the same day or close to their BIS

measurement.
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2.2 | Indocyanine green (ICG) lymphography

The ALERT ICG lymphography protocol for the lower limb has been

described previously.11,12 In brief the ICG dye was administered using

four injection sites on the circumference of the foot.12 These injection

sites target the four lymphatic groups of the lower leg which include the

anteromedial, anterolateral, posterolateral, and posteromedial.13 Immedi-

ately after the injections, lymphatic scanning using the near-infrared cam-

era system (Photodynamic Eye Neo II; Hamamatsu Photonics K.K.,

Japan) and imaging data was recorded using a digital video recorder

(MDR-600HD Ikegami Tsushinki Co., Ltd.). One assessor performed and

analysed the lymphatic imaging, which was continuously conducted and

completed within an hour.11,12 Our published protocol11,12 has ensured

the transit of the ICG dye to the drainage areas and a stabilised dermal

backflow pattern in the time frame of 60 min. First spontaneous dye

movement via the lymphatics was observed before manual lymphatic

drainage was performed by an accredited lymphoedema therapist. Only

where dermal backflow is present, indicating lymphatic obstruction, is

manual lymphatic drainage is applied by a therapist. Where no dermal

backflow and normal functioning lymphatic vessels are observed, manual

lymphatic drainage is not required and ICG dye is seen at the drainage

area such as the inguinal nodal area within the one-hour time frame.

Lymphoedema severity was determined through ICG lymphogra-

phy and graded from 0 to 5 using the MD Anderson Cancer Center

ICG severity scale.14 Blocked or dysfunctional lymphatic collector ves-

sels cause the retrograde flow of the dye back into the capillaries of

the skin, known as dermal backflow.12 Areas of dermal backflow were

marked on a standard body chart using the images taken from the ICG

lymphography. The regions of the lower body were examined inde-

pendently by two researchers to determine the presence of dermal

backflow and both legs of each participant were analysed separately

for lymphoedema severity.

2.3 | Body composition and fluid measures

Following standard operating procedures, the SOZO® BIS device

(ImpediMed, Brisbane, Australia) was used to measure intracellular

fluid (ICF) and ECF. It was also used to calculate body composition

measures. This device is validated to measure body and fluid composi-

tion.9 Height was measured using a stadiometer recorded to the near-

est 0.1 cm (SECA 213, Hamburg, Deutschland) and weight was

recorded to the nearest 0.1 kg using electronic scales (SECA

813, Hamburg, Deutschland). Fluid and body composition measures

were calculated by the SOZO device using the manufacturer's equa-

tions. BMI (weight(kg)/height(m)2) and fat mass index (FMI) (fat

mass(kg)/height(m)2) were calculated manually.

2.4 | Statistical analysis

Based on our previously analysed BIS data 10 demonstrating a coeffi-

cient of variation (CV %) of 0.6 or less, we calculated that 18 partici-

pants were required in each group to achieve 80% power at p = .05

to detect a difference between the groups. Descriptive analyses were

conducted on all three groups. An analysis of variance was conducted

on participant characteristics, fluid, and body composition measures

using JASP software (Version 0.16.4, Netherlands). If significant differ-

ences were observed between groups a Post Hoc test with Tukey's

correction for multiple comparisons, was performed. The alpha level

of significance was set at p ≤.05 and all data was expressed as mean

and standard deviations (SD). Cohen's d effect sizes were used to

express the magnitude of difference. Greater than or equal to 0.8 was

considered a large effect, 0.5 a moderate effect, 0.2 a small effect,

and less than 0.2 a trivial effect.15

All data were tested for normality through a Q–Q plot and homo-

geneity of variance was tested through Levene's test for equality of

variances. If there was a significant difference in variance, a Welch

test was performed to confirm significance between groups. If a sig-

nificant difference was present between groups and the equality of

group variances was compromised a Games–Howell post hoc test

was performed with Tukey's correction.

3 | RESULTS

3.1 | Participant characteristics

Forty-one women with lipoedema were assessed with ICG lymphog-

raphy. Four participants with lipoedema were excluded from the pre-

sent study, one had contraindications to BIS assessment, one had

previous liposuction surgery, and two were diagnosed with lymphoe-

dema concurrent with lipoedema. Therefore, 37 participants with

lipoedema were included in this study. Participants with bilateral lym-

phoedema (n = 37) and control participants (n = 37) were matched

for BMI to individuals with lipoedema.

As presented in Table 1, Lipoedema type and stage varied: Type I

(n = 5), Type II (n = 9), Type III (n = 22), Type V (n = 2), and Stage

1 (n = 13), Stage 2 (n = 13), Stage 3 (n = 10) and Stage 4 (n = 1).

TABLE 1 Lipoedema type and stage.

Characteristics Number (%)

Lipoedema type

I 5 (13.5)

II 9 (24)

III 22 (59.5)

V 1 (2.7)

Lipoedema type (mean ± SD) 2.5 ± 0.8

Lipoedema stage

Stage 1 13 (35.1)

Stage 2 13 (35.1)

Stage 3 10 (27.0)

Stage 4 1 (2.7)

Lipoedema stage (mean ± SD) 2.0 ± 0.9

Note: Lipoedema type IV (arms) not classified.

Abbreviation: SD, standard deviations.
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Individuals with lymphoedema also had varying MDA stages (Table 2).

This study cohort included individuals with lower limb lipoedema

therefore Type VI with arm involvement was not classified separately.

Lymphoedema was classified as either primary (n = 16) or secondary

(total n = 18, cancer-related lymphoedema n = 11, non-cancer related

lymphoedema n = 7). Between the left and right leg, three individuals

had a mix of both primary and secondary lymphoedema.

A comparison of participant characteristics between the three

groups are shown in Table 3. The individuals were successfully

matched for BMI as there was no significant difference between the

three groups (p = .536). No difference was present in FMI between

the groups (p = .111). There was also no significant difference

between the groups for height (p = .723) and weight (p = .536). Age

was significantly different between the three groups (p = .019). A

post hoc test showed that individuals with lymphoedema were older

than individuals with lipoedema with a moderate effect size

(p = .025, d = 0.63).

3.2 | Comparison of total body

As shown in Table 4, after a post hoc test individuals with lymphoe-

dema had a significantly greater total body water (TBW) as a

percentage of weight (p = .002, d = 0.79) and fat-free mass (FFM) as

a percentage of weight (p = .002, d = 0.79) than individuals with

lipoedema with a moderate effect size. Individuals with lymphoedema

had a significantly lower fat mass (FM) as a percentage of weight than

individuals with lipoedema with a moderate effect size after a post

hoc test (p = .002, d = .79). A significantly greater skeletal muscle

mass (SMM) as a percentage weight (p = .015, d = 0.66), active tissue

mass as a percentage of weight (p = .002, d = 0.82), and extracellular

mass as a percentage of weight (p = .016, d = 0.65) were present in

individuals with lymphoedema when compared to individuals with

lipoedema. Protein and mineral as percentage of weight was also sig-

nificantly greater in individuals with lymphoedema compared to indi-

viduals with lipoedema after a post hoc test (p = .002, d = 0.77), with

a moderate effect size. When comparing the hydration index

(Hy-Dex) scores individuals with lymphoedema had a significantly

greater score than individuals with lipoedema after a post hoc test

(p<.001, d = 0.88), with a large effect size. Although not significantly

different, when comparing the Hy-Dex of individuals with lipoedema

and control participants a moderate effect size was present

(d = 0.72). No significant differences were observed between the

control participants and individuals with either lipoedema or lymphoe-

dema for any of the overall body composition measures. Moderate

effect sizes were observed in ECF as a percentage of TBW (d = 0.50)

and ICF as a percentage of TBW (d = 0.50) when the control partici-

pants were compared to individuals with lymphoedema.

3.3 | Comparison of arm composition

The analysis was performed on bilateral arms of 111 individuals there-

fore 222 limbs were included. As seen in Table 5 there was no signifi-

cant difference in all measures when comparing the arm composition

between individuals with lipoedema, lymphoedema, and control par-

ticipants. However, when comparing the ECF between individuals

with lipoedema and lymphoedema a large effect size was observed

(d = 1.00). A large effect size was also present when comparing the

ECF of individuals with lipoedema and control participants (d = 1.00).

The remaining effect sizes were small to trivial.

3.4 | Comparison of leg composition

As bilateral legs were assessed, 222 legs were included in this analysis

(Table 6). Individuals with lymphoedema had a significantly higher

bilateral lymphoedema index (L-Dex) score through a post hoc test

when compared to both individuals with lipoedema (p<.001, d = 1.05)

and control participants (p<.001, d = 1.11) with a large effect size.

TBW was significantly greater in individuals with lymphoedema when

compared to individuals with lipoedema (p<.001, d = 0.68) and con-

trol participants (p<.001, d = 0.70) with a moderate effect size. Post

hoc testing revealed that the ECF of individuals with lymphoedema

was significantly greater than in individuals with lipoedema (p<.001,

d = 0.92) and control participants (p<.001, d = 0.96), with a large

TABLE 2 Participant characteristics for individuals with
lymphoedema.

Characteristics Number (%)

Primary lymphoedema 16 (43.2)

Secondary non-cancer-related lymphoedema 7 (18.9)

Trauma/surgery 2 (5.4

Vascular 2 (5.4)

Unsure 3 (8.1)

Cancer related lymphoedema 11 (29.7)

Gynaecological 10 (27.0)

Genitourinary 1 (2.7)

Mixed primary and secondary lymphoedema 3 (8.1)

MDA stage-left

1 4 (10.8)

2 22 (59.5)

3 2 (5.4)

4 7 (18.9)

MDA stage-left (mean ± SD) 2.3 ± 0.9

MDA stage-Right

1 6 (16.2)

2 22 (59.5)

3 2 (5.4)

4 7 (18.9)

Undetermined 1 (2.7)

MDA stage-right (mean ± SD) 2.3 ± 0.9

Abbreviations: MDA, MD Anderson Cancer Center; SD, standard

deviations.
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effect size. The ECF as a percentage of TBW was significantly

greater in individuals with lymphoedema when compared to indi-

viduals with lipoedema (p = .032, d = 0.42) after a post hoc test.

Individuals with lymphoedema had a significantly greater ICF

through a post hoc test compared to individuals with lipoedema

(p = .015, d = 0.47) and control participants (p = .010, d = 0.51).

Through a post hoc test individuals with lymphoedema had a signif-

icantly lower ICF as a percentage of TBW (p = .032, d = .42) and

phase angle (p = .009, d = 0.48) when compared to individuals

with lipoedema, with a small effect size. Individuals with lymphoe-

dema had a significantly greater lean soft tissue (LST) when com-

pared to individuals with lipoedema (p<.001, d = 0.66) and control

participants (p<.001, d = 0.70) through a post hoc test presenting a

moderate effect size. There was no significant difference for any of

the leg composition parameters between individuals with lipoe-

dema and control participants, with trivial effect sizes.

TABLE 3 Comparison of participant
characteristics between individuals with
lipoedema, lymphoedema and matched
control participants.

Measures Lipoedema Lymphoedema Control p-value

Age (years) 49.6 ± 12.2a 58.7 ± 16.7 50.9 ± 15.2 .019

Height (cm) 163.2 ± 5.5 163.7 ± 6.3 162.6 ± 6.6 .723

Weight (kg) 90.8 ± 23.5 85.3 ± 22.4 86.7 ± 19.8 .526

BMI kg/m2 34.2 ± 9.1 31.9 ± 8.8 33.0 ± 8.1 0.536

FMI kg/m 13.9 ± 5.5 11.2 ± 5.8 12.3 ± 5.2 .111

Note: Data shown as mean ± standard deviations. Bold: Significant change between the groups (p < .05).

Italics: Moderate or large effect size between groups.

Abbreviations: BMI, body mass index; cm, centimetre; FMI, fat-mass index; kg, kilogram; kg/m, kilograms

per metre; kg/m2, kilograms per square metre.
aPost hoc test significantly different from lymphoedema group.

TABLE 4 Comparison of overall body
composition between individuals with
lipoedema, lymphoedema and matched
control participants.

Measures Lipoedema Lymphoedema Control p-value

TBW (L) 39.6 ± 7.8 40.6 ± 7.3 39.8 ± 6.1 .799

TBW % weight 44.4 ± 4.8a 49.0 ± 6.9 46.8 ± 5.0 .003

ECF (L) 17.4 ± 3.2 18.5 ± 3.3 17.5 ± 2.5 .449

ECF % TBW 44.2 ± 1.9 45.0 ± 1.9 44.1 ± 1.7 .103

ICF (L) 22.1 ± 4.7 22.4 ± 4.1 22.3 ± 3.8 .967

ICF % TBW 55.8 ± 1.9 55.0 ± 1.9 55.9 ± 1.7 .103

FFM (kg) 54.0 ± 10.7 55.5 ± 10.0 54.4 ± 8.4 .795

FFM % weight 60.6 ± 6.5a 66.9 ± 9.5 63.9 ± 6.8 .003

FM (kg) 36.8 ± 14.2 29.8 ± 14.7 32.3 ± 13.1 .094

FM % weight 39.4 ± 6.5a 33.1 ± 9.5 36.1 ± 6.8 .003

SMM (kg) 20.6 ± 3.3 21.8 ± 3.8 21.2 ± 2.8 .302

SMM % weight 23.5 ± 4.1a 26.6 ± 6.0 25.1 ± 4.1 .021

BMR (cal/day) 1519.7 ± 246.4 1421.2 ± 249.8 1467.8 ± 213.6 .208

ATM (kg) 29.4 ± 7.5 30.0 ± 6.7 29.7 ± 5.9 .927

ATM % weight 32.6 ± 3.3a 35.9 ± 4.8 34.6 ± 3.7 .002

ECM (kg) 24.6 ± 3.9 25.5 ± 3.4 24.7 ± 2.6 .419

ECM % weight 28.1 ± 4.4a 31.0 ± 5.2 29.3 ± 4.0 .021

Protein and mineral (kg) 14.5 ± 2.9 14.9 ± 2.7 14.6 ± 2.2 .782

Protein and mineral % weight 16.2 ± 1.8a 17.9 ± 2.6 17.1 ± 1.8 .003

Hy-Dex �4.3 ± 16.8a 11.2 ± 18.5 2.7 ± 13.5 <.001

Phase angle (degrees) 4.9 ± 0.7 4.6 ± 0.7 4.9 ± 0.6 .126

Note: Data shown as mean ± standard deviations. Bold: Significant change between the groups (p <.05).

Italics: Moderate or large effect size between groups.

Abbreviations: ATM, active tissue mass; BMR, basal metabolic rate; cal/day, calories per day; ECF,

extracellular fluid; ECM, extracellular mass; FM, fat mass; FFM, fat-free mass; Hy-Dex, hydration index;

ICF, intracellular fluid; kg, kilogram; L, litre; SMM, skeletal muscle mass; TBW, total body water.
aPost hoc test significantly different from lymphoedema group.
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4 | DISCUSSION

BIS technology used in this study aimed to identify fluid and body

composition characteristics that distinguish individuals with lipoedema

from individuals who have lymphoedema or control participants. We

believe this study has helped to highlight the functionality of BIS mea-

sures in the diagnosis and monitoring of individuals living with lipoe-

dema and lymphoedema. This study has identified clear differences in

fluid and body composition measures between the three groups

which could be advantageous for clinical diagnosis.

Lymphoedema is the accumulation of protein-rich fluid in the

interstitium caused by impaired lymphatic drainage16 resulting in

swelling, inflammation, and tissue fibrosis.16 In our study, leg ECF

and TBW were greater in the individuals with lymphoedema com-

pared to both individuals with lipoedema and control participants.

This finding correlates with the literature as in the early stages of

lymphoedema lymph accumulates,10,17,18 therefore justifying the

increase in ECF and TBW. Unlike lymphoedema, the presence of

oedema in individuals with lipoedema is currently under debate.

Oedema occurs when an excessive volume of fluid accumulates

either within the cells or in the interstitial space.19,20 This can be

detrimental to tissue function as oedema increases diffusion dis-

tance for oxygen and other nutrients, compromising cellular metabo-

lism.19,20 Our study showed no evidence of increased TBW or ECF

in individuals with lipoedema compared to the control participants

suggesting the absence of oedema. Similarly, a study by Monnin-

Delhom et al.21 evaluated computed tomography imaging to distin-

guish between deep venous thrombosis, lymphoedema, and lipoe-

dema. They found no patterns of oedema through computed

tomography, ultrasound, or magnetic resonance imaging (MRI) for

individuals with lipoedema, however, computed tomography did find

oedema in 95% of individuals with lymphoedema and 42% of indi-

viduals with deep venous thrombosis. It is also interesting to note

that in the current study, individuals with lipoedema did not show a

difference in TBW or ECF in their arms when compared to individ-

uals with lower limb lymphoedema however differences were pre-

sented in the legs. As our study focused on bilateral leg

lymphoedema we would expect to see an increase in fluid levels in

the legs only. This study showed that there was no increased

oedema present outside the affected area of individuals with lipoe-

dema or lymphoedema. This highlights that both oedema and clini-

cally evident pitting oedema is not a feature of lipoedema.

TABLE 5 Comparison of arm
composition between individuals with
lipoedema, lymphoedema, and matched
control participants.

Measures Lipoedema Lymphoedema Control p-value

TBW (L) 1.8 ± 0.3 1.8 ± 0.3 1.9 ± 0.3 .426

ECF (L) 0.8 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 .340

ECF % TBW 46.8 ± 2.1 47.2 ± 2.1 46.9 ± 1.7 .433

ICF (L) 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 .529

ICF % TBW 53.2 ± 2.1 52.8 ± 2.1 53.1 ± 1.7 .433

LST (kg) 2.3 ± 0.4 2.4 ± 0.3 2.4 ± 0.4 .392

SMM (kg) 1.9 ± 0.3 1.8 ± 0.3 1.8 ± 0.3 .058

Phase angle (degrees) 4.8 ± 0.6 4.8 ± 0.7 4.9 ± 0.5 .549

Note: Data shown as mean ± standard deviations. Italics: Moderate or large effect size between groups.

Abbreviations: ECF, extracellular fluid; ICF, intracellular fluid; kg, kilogram; L, litre; LST, lean soft tissue;

SMM, skeletal muscle mass; TBW, total body water.

TABLE 6 Comparison of leg
composition between individuals with
lipoedema, lymphoedema and matched
control participants.

Measures Lipoedema Lymphoedema Control p-value

Bilateral L-Dex 4.0 ± 4.9a 12.6 ± 11.6 3.8 ± 4.3a <.001

TBW (L) 7.4 ± 2.3a 9.6 ± 4.2 7.5 ± 1.8a <.001

ECF (L) 3.4 ± 1.0a 4.6 ± 1.6 3.5 ± 0.7a <.001

ECF % TBW 46.9 ± 3.3a 48.7 ± 5.3 47.3 ± 3.1 .041

ICF (L) 4.0 ± 1.5a 5.0 ± 2.8 4.0 ± 1.1a .011

ICF % TBW 53.1 ± 3.3a 51.3 ± 5.3 52.7 ± 3.1 .041

LST (kg) 9.6 ± 3.1a 12.4 ± 5.4 9.7 ± 2.3a <.001

SMM (kg) 6.9 ± 1.6 6.9 ± 2.0 6.7 ± 1.3 .540

Phase Angle (degrees) 5.6 ± 0.9a 5.0 ± 1.6 5.5 ± 0.9 .013

Note: Data shown as mean ± standard deviations. Bold: Significant change between the groups (p <.05).

Italics: Moderate or large effect size between groups.

Abbreviations: ECF, extracellular fluid; ICF, intracellular fluid; kg, kilogram; L, litre; LST, lean soft tissue;

SMM, skeletal muscle mass; TBW, total body water.
aPost hoc test significantly different from lymphoedema group.
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In contrast to lymphoedema, lipoedema is the accumulation of

abnormal fat in the bilateral lower legs, often considered to be due to

hormonal changes.22 Through BIS analysis we found that the percent-

age of overall FM was significantly greater in individuals with lipoe-

dema compared to individuals with lymphoedema. This is as expected

due to the abnormal accumulation of adipose tissue. However, as the

BIS technology only provides calculations for overall FM, it was

unable to differentiate between individuals with lipoedema and con-

trol participants in our study. As fat accumulates in the lower body of

individuals with lipoedema, their upper bodies generally remain dis-

proportionate and free of excessive fat accumulation. Whereas in

BMI-matched individuals, fat accumulation is not restricted to the

lower body which could explain the similar overall FM results. There-

fore, although the BIS could be successful in differentiating between

lipoedema and lymphoedema, differences in BIS body composition

measures between individuals with lipoedema and BMI-matched indi-

viduals were not apparent. It would be interesting to see if there was

a distinct difference in lower body FM between individuals who have

lipoedema and individuals matched for BMI. Two current studies by

Di Renzo et al.23,24 investigated body composition differences

between participants with lipoedema and control participants using a

DXA scan. Both studies found significantly greater FM (kg and %) in

the legs of individuals with lipoedema. However, neither study

matched participants for BMI and in the study by Di Renzo et al.24

individuals with lipoedema had a larger BMI compared to the control

group. It is, therefore, hard to conclude that the larger FM in the legs

observed in their study was a result of lipoedema, as it could be the

result of a larger overall BMI. However, in the current study matching

participants based on BMI alone poses difficulties. The increased ECF

seen in individuals with lymphoedema elevates their BMI. While

matching participants based on BMI, a lower FM is evident in individ-

uals with lymphoedema when compared to individuals with lipoe-

dema. Although BIS can detect ECF accumulation in lymphoedema, it

does not measure segmental FM, therefore we are unable to deter-

mine if FM is different in the legs of individuals with lipoedema com-

pared to individuals with lymphoedema and BMI-matched individuals.

Further research should be conducted to examine the leg FM of indi-

viduals with lipoedema and controls matched for BMI. This would help

to determine whether these segmental measures are useful in the

diagnosis of lipoedema.

Muscle mass has not been well-researched in individuals with

lipoedema. The recent studies by Di Renzo et al.23,24 using DXA also

reported a significantly larger lean mass in individuals with lipoedema

when compared to control participants. The DXA measures lean soft

tissue which is largely comprised of water.25 Older adults have an

increased ECF to ICF ratio and as the DXA cannot distinguish water

within the intracellular space from extracellular water, cellular muscle

atrophy is masked.25 In our study individuals with lipoedema had a

lower age when compared to both individuals with lymphoedema and

control participants. We expect this due to lipoedema being caused

by the onset of hormonal changes such as puberty or pregnancy.26

Although we matched for BMI, age influences SMM resulting in the

involuntary loss of SMM and strength as we age.27 As individuals with

lymphoedema were significantly older than individuals with lipoedema

it would be anticipated for them to have a lower SMM. However, the

SMM % was higher in individuals with lymphoedema compared to

individuals with lipoedema. Initially, individuals with lymphoedema

were advised not to exercise as it was considered unsafe.28 However

recent research has indicated that exercise-induced weight loss can

reduce the effects of lymphoedema by improving circulation, helping

to remove the lymph out of the affected area and decrease swelling.28

An 8-week home-based progressive resistance exercise programme

by Gautam et al.29 showed significant reductions in the circumference

and volume of the affected upper limb in patients with lymphoedema

post-breast cancer. As recent literature supports the positive effect of

exercise for lymphoedema it is likely that many of the individuals with

lymphoedema in our study were encouraged to exercise.30 As several

factors influence SMM it is hard to make accurate conclusions on the

differences observed between the groups in our study. A study by

van Esch-Smeenge et al.31 found that individuals with lipoedema had

a clinically relevant lower exercise endurance capacity through a

6-min walk test and a significantly lower quadriceps muscle strength

when compared to individuals with obesity. Similarly, through MRI,

Crescenzi et al.32 observed an elevated intramuscular adipose tissue

and reduced muscle size in women with lipoedema when compared

with BMI-matched participants. These studies highlight the need for

further investigation into muscle mass and exercise capacity of indi-

viduals with lipoedema. In our study, inclusion of physical activity

questionnaires and age-related adjustments may have helped explain

the differences in SMM observed between the groups.

Imaging techniques including computed tomography and MRI

have been used in research involving lipoedema and lymphoedema to

assess body composition, however these techniques are not suitable

for routine clinical practice.18 Lymphoedema diagnosis presents diffi-

culties as there is not one assessment with the required specificity

and sensitivity. Most assessments are indirect and are focused on

abnormal limb size through circumferential measures or by water dis-

placement.18 BIS is a promising body composition assessment tool

that is becoming noticed for its advantageous measures that help to

identify early lymphoedema as part of a post-cancer lymphoedema

surveillance. It uses the flow of a small electrical current passing

through the body, measuring its impedance.18 The impedance magni-

tude is inversely proportional to the volume of fluid in the tissues.18

The BIS produces a L-Dex score which measures the difference in vol-

ume between limbs.17 Early lymphoedema is indicated through a

change of +6.5 L-Dex units from baseline, through a lineralized and

scaled ratio.10,17 The L-Dex scale is based on the mean and two

SD.10,17 The leg L-Dex scores were greater for individuals with lym-

phoedema (12.6 ± 11.6) when compared to both individuals with

lipoedema (4.0 ± 4.9) and control participants (3.8 ± 4.3). This high-

lights that L-Dex scores through a standing BIS device can potentially

differentiate lymphoedema from lipoedema and BMI-matched partici-

pants. BIS presents a valuable tool in lymphoedema diagnosis and

monitoring and it has previously been reported as an effective mea-

surement to predict lymphoedema onset in the arm, through ECF and

subclinical changes in ECF.10 BIS alone could not be used to
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differentiate between these three conditions potentially due in part to

its inability to measure FM of individual limbs. Segmental analyses can

be performed through a DXA scan. DXA scans are considered a refer-

ence method in clinical research, measuring FM, FFM, and bone min-

eral density.33 However, DXA cannot differentiate or estimate ECF or

ICF,25 therefore, a combination of these technologies could poten-

tially be useful when analysing the body composition of individuals

with lymphoedema, lipoedema, and participants matched for BMI.

Our research provided some clear differences between individ-

uals with lymphoedema and individuals with lipoedema, however

failed to provide distinctive differences between individuals with

lipoedema and control participants. The use of only BIS technology to

analysis body composition measures between individuals with lipoe-

dema, lymphoedema, and a control participants is a limitation that is

evident in this study. Although it had favourable measures for identi-

fying lymphoedema, BIS lacked the ability to distinguish between indi-

viduals with lipoedema and control participants. If other forms of

body composition were assessed, we may have been able to identify

more diagnostic factors separating individuals with lipoedema from

the control participants. BIS does have the ability to measure segmen-

tal muscle mass of individuals however it is not able to determine seg-

mental FM. Further research into segmental FM and muscle mass may

help to identify distinguishable differences between lipoedema and

BMI-matched individuals, while strengthening the differences

between individuals with lymphoedema and lipoedema. Individuals

with lymphoedema showed a significantly larger SMM. As this was a

retrospective study, we did not have records of how much physical

activity each individual performed. This could explain why individuals

with lymphoedema had a higher SMM when compared to

individuals with lipoedema. BMI matching could also be an influencing

factor, as individuals with lymphoedema may have an elevated BMI

due to additional ECF rather than FM. Further investigation into mus-

cle mass between individuals with lipoedema, lymphoedema, and con-

trol participants could uncover distinguishable aspects for not only for

diagnosis but disease management.

5 | CONCLUSION

Lipoedema, lymphoedema, and obesity are chronic conditions that

impact an individual's quality of life. Lipoedema is often misdiagnosed

causing prolonged ineffective and costly treatments, decreasing the

individual's ability to manage their condition effectively. This misdiag-

nosis is contributed to by a lack of awareness of lipoedema and the

absence of clear diagnostic criteria. This study aimed to identify dis-

tinct differences in body composition and ECF measures that would

assist in distinguishing lipoedema from lymphoedema and a control

group. We identified differences in leg ECF % and overall TBW %

between individuals with lipoedema and lymphoedema. Leg ECF,

TBW, and bilateral L-Dex measures were also greater in individuals

with lymphoedema when compared to either individuals with lipoe-

dema or control participants. These results aligned with current lym-

phoedema literature. ECF as an objective measure of tissue oedema

showed no difference between individuals with lipoedema and control

participants confirmed by ICG to not have lymphoedema, whereas

increased ECF was characteristic of lymphoedema. Elevated lower

limb ECF as an indicator of oedema is not found in lipoedema. Individ-

uals with lipoedema had a larger FM % when compared to individuals

with lymphoedema. This could be due to the lack of specificity in limb

FM measures and that BMI was artificially elevated in individuals with

lymphoedema due to the accumulation of ECF. There were no differ-

ences in FM when individuals with lipoedema were compared to con-

trol participants. Although this study shows promising findings and

highlights the potential effectiveness of the BIS technology in lym-

phoedema diagnosis, further investigation must be conducted on mus-

cle mass and segmental FM between individuals with lipoedema,

lymphoedema, and a control group.
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