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Abstract

Background: Lipedema is a chronic, progressive adipose tissue disorder affecting mainly women, characterized by
bilateral, disproportionate fat accumulation in the lower extremities. The condition is often associated with pain,
heaviness, and functional limitations. While the adipose tissue changes in lipedema are well-described, its impact on muscle
mass, strength, and functional performance remains underexplored. This study aimed to evaluate the prevalence of
sarcopenia and its relationship with lipedema severity.

Materials and methods: A cross-sectional observational study was conducted on 48 women with clinically diagnosed
lower-extremity lipedema. Diagnosis followed the International Lipoedema Association and German S2k guidelines.
Sarcopenia was assessed using a multidimensional approach, including ultrasonographic rectus femoris thickness, handgrip
strength, the Five Times Sit-to-Stand Test, and four-m walking speed. The lipedema stage was determined using mor-
phological criteria. Statistical analyses evaluated the relationships between sarcopenia, functional parameters, and lipedema
stage.

Results: Participants had a mean age of 47.2 + 8.4 years and a BMI of 33.0 + 4.3 kg/m?. Sarcopenia was identified in 33.3% of
participants, with 14.6% classified as severe. Those with sarcopenia exhibited lower rectus femoris thickness and slower
walking speed (p < .05). Advancing lipedema stage correlated with reduced muscle thickness, weaker handgrip strength,
slower gait, and prolonged Five Times Sit-to-Stand Test duration (p < .05). Stage 3 patients demonstrated the highest
prevalence of sarcopenia, indicating progressive impairment in muscle mass and functional performance with disease
severity (p < .05). No significant associations were found between age or BMI and muscle parameters (p > .05).
Conclusions: Sarcopenia is prevalent in women with lower-extremity lipedema and increases with disease stage.
Comprehensive musculoskeletal assessment should be integrated into lipedema management to address functional
impairment and optimize patient care.
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Although genetic factors are thought to play a significant
role, research in this area is still at an early stage, and the
small number of patients studied limits the generalizability
of existing findings.’

Lipedema is frequently misdiagnosed and misunderstood,
often being confused with obesity, lymphedema, or chronic
venous insufficiency, leading to delayed diagnosis and in-
appropriate treatment; however, improved clinical charac-
terization now allows differentiation from these conditions
particularly lymphedema and, in severe cases, general
obesity based on the distribution of fat accumulation, timing
of disease onset, and the affected patient population.*

According to current clinical guidelines, the diagnosis of
lipedema is primarily established based on a comprehensive
clinical history and detailed physical examination findings,
while imaging and laboratory investigations are mainly
employed to support differential diagnosis.* Established in
2021, the ILA (International Lipoedema Association) Di-
agnosis Working Group comprising seven expert physicians
and surgeons used a PICO (Patient, Population or Problem,
Intervention, Comparison, Outcome) based evaluation of
current evidence, literature, and clinical experience to de-
velop a consensus diagnostic scheme for the clinical diag-
nosis of lipedema.” Developed under the leadership of the
German Society of Phlebology and Lymphology (DGPL),
the S2k guideline aims to optimize the diagnosis and
management of lipedema through a consensus-based, mul-
tidisciplinary approach. It presents 60 evidence-based rec-
ommendations covering diagnostic criteria, differential
diagnoses, conservative and surgical treatments, psychoso-
cial aspects, and self-management strategies, reflecting
current national and international scientific knowledge. The
guideline serves as a practical framework to support clinical
decision-making while allowing justified deviations based on
individual patient circumstances.®

In lipedema, the expansion of subcutaneous adipose
tissue is accompanied by microvascular dysfunction,
chronic low-grade inflammation, and tissue hypoxia, cre-
ating a biological milieu that may affect not only adipose
tissue but also the adjacent skeletal muscle.” Studies in
patients with lymphedema have shown marked gait alter-
ations, mainly involving kinematic parameters, with more
pronounced kinetic changes observed in severe cases,
alongside significant walking difficulties. Reduced mobility
may exacerbate edema and limit joint range of motion,
while increased mechanical load on the lower extremities,
pain-related movement restriction, and decreased physical
activity together increase the risk of impaired muscle mass
and muscle function.® Sarcopenia is a muscle disorder
characterized by the progressive decline in muscle mass,
strength, and physical performance and is not confined to
the elderly population. Current evidence indicates that
chronic inflammatory conditions, painful disorders, and
prolonged physical inactivity play significant roles in the
development of sarcopenia.”'

In this context, lipedema should be considered not only
as a disorder of adipose tissue but also as a multifactorial
clinical condition with the potential to affect muscle
function and mobility. A comprehensive assessment inte-
grating lower limb specific muscle mass, muscle strength,
and functional performance may provide a more accurate
understanding of functional impairment in individuals with
lipedema. A review of the existing literature revealed a lack
of studies evaluating the prevalence of sarcopenia in women
with lower-extremity lipedema using a multidimensional
approach that simultaneously addresses muscle mass,
muscle strength, and functional parameters. Therefore, the
present study aims to elucidate the potential relationship
between lipedema and sarcopenia and to establish a sci-
entific basis for incorporating musculoskeletal-focused
assessments into the clinical management of this patient
population.

Methods

Study design and participants

This cross-sectional, observational study included female
patients diagnosed with lower-extremity lipedema who
presented to the Physical Medicine and Rehabilitation
outpatient clinic. The study was conducted in accordance
with the principles of the Declaration of Helsinki, and
written informed consent was obtained from all participants
prior to enrollment. Ethical approval for the study was
granted by the Ethics Committee of Derince Training and
Research Hospital.

Sample size calculation

For this prevalence study, the sample size was calculated
using the formula n = Z* x p (1 — p)/d>. A Z value of
1.96 was used for a 95% confidence interval. Due to the lack
of sufficient prior data on the prevalence of sarcopenia in
the lipedema population, the most conservative estimate
maximizing sample size was applied by assuming p = .50.
Considering the pilot nature of the study, its single-center
design, and feasibility constraints, the absolute margin of
error was set at d = 0.15 (£15%).

Based on these assumptions, the required sample size
was calculated as 7= (1.96)* x 0.50 x 0.50/(0.15)* = 0.9604/
0.0225 = 42.68, corresponding to a minimum of 43 par-
ticipants. To account for potential missing data and mea-
surement losses, an additional 10% was included, resulting
in a target sample size of 48 participants.

Inclusion and exclusion criteria

The inclusion criteria for the study were being female and
aged 18 years or older, with a confirmed diagnosis of lower-
extremity lipedema.
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Exclusion criteria included a history of lower-extremity
surgery (such as knee arthroplasty or meniscal surgery), pe-
ripheral nerve injury, gait limitation due to advanced osteoar-
thritis, presence of neuromuscular disorders, active oncological
disease, and the presence of systemic inflammatory diseases.

Diagnosis of lipedema and diagnostic criteria

The diagnosis of lipedema was established based on a
detailed clinical history and physical examination in ac-
cordance with the International Lipoedema Association
(ILA) and the German Society of Phlebology S2k
guidelines.>® ITmaging and laboratory investigations were
performed primarily for differential diagnostic purposes.

According to the ILA guideline, a diagnosis of lipedema
required the presence of all major criteria, including
symmetrical and disproportionate accumulation of subcu-
taneous adipose tissue in the lower extremities, increased
tenderness on palpation with objective allodynia (pain
provocation on pinch test), and sparing of the hands and feet
in the absence of obesity- or lymphedema-related com-
plications. In addition, supportive minor criteria such as
marked subcutaneous fat accumulation that does not in-
volve the joints and the presence of the “cuff sign” at the
ankle level were also assessed to reinforce the diagnosis.”

According to the S2k guideline, lipedema is defined as a
clinical condition occurring almost exclusively in women
and characterized by painful, symmetrical, and dispro-
portionate fat distribution. Pain on pressure, spontaneous
pain, tenderness, and a sensation of heaviness in the ex-
tremities are considered core symptoms associated with
lipedema. In line with the guideline recommendations,
patients presenting with increased subcutaneous adipose
tissue without accompanying pain or tenderness were not
considered to meet the diagnostic criteria for lipedema and
were therefore excluded from the study.® Clinical features
not recommended as diagnostic criteria in current guide-
lines, such as easy bruising/telangiectasia and a positive
family history, were not used as determinants for diagnosis
but were recorded as additional clinical variables.

The age and body mass index (BMI) of all participants
were recorded. BMI was calculated as body weight (kg)
divided by height squared (m?).

Lipedema staging

Although current ILA and S2k guidelines indicate that li-
pedema staging is not directly correlated with disease se-
verity, an additional evaluation was performed in the
present study to investigate the relationship between lipe-
dema stage and muscle mass as well as functional pa-
rameters. Accordingly, lipedema staging was conducted
based on the morphological criteria defined in the
S1 guideline: Stage 1, smooth skin surface with homoge-
neous thickening of the subcutaneous tissue; Stage 2,

irregular skin surface with nodular subcutaneous structure;
and Stage 3, marked increase in volume with loose tissue

and the formation of a “dewlap”."’

Assessment of sarcopenia

Sarcopenia was evaluated using a lower extremity fo-
cused, multistep approach in accordance with the diag-
nostic algorithm recommended by the International
Sarcopenia Physical Medicine and Rehabilitation Society
(ISarcoPRM). The assessment simultaneously addressed
muscle mass, muscle strength, and muscle function
components.’

Assessment of muscle strength

Muscle strength was assessed using handgrip strength
measurement. Measurements were performed with a Jamar
type hand dynamometer (Sachan Hydraulic Hand Dyna-
mometer, South Korea) using the participant’s dominant
hand. Participants were evaluated in a seated position with
the shoulder adducted and in neutral rotation, the elbow
flexed at 90°, and the forearm in a neutral position. Three
consecutive measurements were obtained for each partic-
ipant, with a 30-s rest interval between measurements, and
the arithmetic mean of the three values was used for
analysis. In women, a mean handgrip strength of <19 kg
was considered indicative of low muscle strength.’

Assessment of muscle function

Muscle function was evaluated using the Five Times Sit to
Stand Test (5-CTS) to assess lower extremity specific
functional capacity. Participants were instructed to stand up
and sit down from a chair five consecutive times without
using their arms. A test duration of >12 s or inability to
complete the test was considered indicative of low muscle
function.'*"?

Assessment of gait speed

The 4-m walk test was performed to evaluate lower-
extremity performance and mobility. Participants were
instructed to walk a 4-m distance at their usual pace, and the
time was recorded using a stopwatch; gait speed was cal-
culated in meters per second (m/s). A gait speed of <0.8 m/s
was considered indicative of severe mobility limitation and
severe sarcopenia.'>"?

Ultrasonographic assessment of muscle mass

Muscle mass was assessed using a standardized mus-
culoskeletal ultrasonography protocol. Rectus femoris
muscle thickness within the quadriceps femoris muscle
group was measured for this purpose. Participants were
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evaluated in the supine position with the lower ex-
tremities extended and the muscles in a relaxed state.
Measurements were obtained at the midpoint between the
greater trochanter and the lateral femoral condyle, ap-
plying minimal probe pressure.'* All ultrasonographic
assessments were performed by a single investigator
experienced in musculoskeletal ultrasonography. Eval-
uations were conducted using an ESAOTE MyLab™
X7 Exp ultrasound system (ESAOTE S. p.A., Genoa,
Italy) equipped with a linear probe operating at a fre-
quency range of 4-15 MHz. Three consecutive mea-
surements were obtained for each participant, and the
arithmetic mean of these measurements was used for
analysis.

The Sonographic Thigh Adjustment Ratio (STAR)
recommended in the ISarcoPRM algorithm was not
applied in this study, as the pronounced and dispro-
portionate increase in lower-extremity specific subcu-
taneous adipose tissue in lipedema was anticipated to
underestimate muscle mass measurements. Instead,
muscle mass assessment was based directly on rectus
femoris muscle thickness. A rectus femoris muscle
thickness of <10 mm was considered indicative of low
muscle mass.”">""’

Diagnosis of sarcopenia

The diagnosis of sarcopenia was established based on the
concurrent presence of low muscle mass together with low
muscle strength and/or impaired muscle function. Accordingly,
individuals with a rectus femoris muscle thickness of <10 mm
and a handgrip strength of <19 kg and/or a 5-times sit-to-stand
test (5-STS) duration of >12 s were classified as sarcopenic.
Sarcopenic individuals with a gait speed of <0.8 m/s were
further categorized as having severe sarcopenia.’

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics software. The normality of continuous variables
was assessed using the Shapiro—-Wilk test and visual

methods, including histograms and probability plots.
Continuous variables with a normal distribution are pre-
sented as mean =+ standard deviation, while non-normally
distributed variables are expressed as median (minimum-—
maximum). Categorical variables are presented as fre-
quencies and percentages. Comparisons of continuous
variables across lipedema stages were conducted using one-
way analysis of variance (ANOVA) or the Kruskal-Wallis
test, depending on data distribution. When statistically
significant differences were identified, pairwise compari-
sons were performed using appropriate post hoc tests. For
comparisons between groups based on the presence of
sarcopenia, independent samples t-tests or Mann—Whitney
U tests were used for continuous variables, while chi-square
tests or Fisher’s exact tests were applied for categorical
variables. Associations between continuous variables were
evaluated using Pearson or Spearman correlation analyses,
according to distribution characteristics. In all statistical
analyses, a two-sided p-value of <0.05 was considered
statistically significant.

Results

A total of 48 female patients diagnosed with lipedema were
included in the study. The mean age of the participants was
47.17 + 8.37 years, and the mean body mass index (BMI) was
33.01 + 4.28 kg/m>. Based on BMI classification, 70.83% of
the patients were classified as obese, 25.00% as overweight,
and 4.17% as morbidly obese. Evaluation of lipedema stages
revealed that 62.50% of the patients were classified as stage
2, 20.83% as stage 1, and 16.67% as stage 3. A positive
family history of lipedema was reported by 64.58% of the
participants. Regarding clinical symptoms, easy bruising was
reported by 75.00% of patients, lower extremity pain by
81.25%, a sensation of heaviness in the lower extremities by
85.42%, and difficulty in walking by 79.17%.

When sarcopenia components were evaluated, low
muscle strength (<19 kg) was identified in 43.75% of the
patients, low muscle function (>12 s) in 39.58%, and low
muscle mass (<10 mm) in 33.33%. According to the Sar-
coPRM algorithm, sarcopenia was present in 33.33% of the
participants, of whom 14.58% were classified as having

Table I. Clinical and ultrasonographic findings related to sarcopenia components.

Parameter Value
Handgrip strength (kg) mean + SD 19.67 + 4.58
Low muscle strength (<I9 kg) n (%) 21 (43.75)
Five-times sit-to-stand test (sn) mean * SD 12.32 + 3.40
Low muscle function (212 sn) n (%) 19 (39.58)
Rectus femoris muscle thickness (mm) mean + SD 11.63 + 2.62
Low muscle mass (<10 mm) n (%) 16 (33.33)
Four-meter walking speed test (m/s) mean * SD 0.94 £ 0.20

Severe mobility limitation (0.8 m/s) n (%)

7 (14.58)
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severe sarcopenia. Clinical and ultrasonographic findings
related to sarcopenia components are presented in Table 1.

When the groups were compared according to the
presence of sarcopenia, no significant differences were
observed in mean age (p = .260) or body mass index (p =
.607). Rectus femoris muscle thickness (p < .001) and
four-m walking speed (p = .001) were significantly lower
in the sarcopenia group. Clinical and functional com-
parisons based on sarcopenia status are presented in
Table 2.

When participants were compared according to lipedema
stages, no significant differences were observed in mean age
(p = .414) or body mass index (BMI) (p = .228). Ultra-
sonographic evaluation revealed a significant difference in
rectus femoris muscle thickness across lipedema stages (p =
.008). Post-hoc analyses showed that rectus femoris
thickness was significantly lower in stage 3 compared with
both stage 1 (p = .004) and stage 2 (p = .004), while no
significant difference was found between stages 1 and 2
(p = .901).

Handgrip strength also differed significantly according
to lipedema stage (p = .042). Post-hoc analyses indicated
that handgrip strength was significantly lower in stage
3 compared with stage 1 (p = .026) and stage 2 (p = .022),
with no significant difference between stages 1 and 2
(p = .574).

Regarding functional performance, the five-times sit-to-
stand test (5-CST) duration differed significantly across
lipedema stages (p = .025). Stage 3 patients had a signif-
icantly longer 5-CST duration than stage 1 (p = .041) and
stage 2 (p =.007), with no difference between stages 1 and 2
(p = .864). Four-meter walking speed also differed sig-
nificantly between stages (p < .001). Post-hoc analyses
showed that stage 3 patients had a significantly slower
walking speed compared with stages 1 (p=.001) and 2 (p =
.001), and walking speed was also significantly lower in
stage 2 compared with stage 1 (p = .045).

The prevalence of sarcopenia differed significantly ac-
cording to lipedema stage (p = .001). Stage 3 patients had a
higher prevalence of sarcopenia than both stage 1 (»p =.001)

and stage 2 (p = .002), while no significant difference was
observed between stages 1 and 2 (p =.280). Comparisons of
muscle strength and functional parameters according to
lipedema stage are summarized in Table 3.

When the relationships between age and body mass
index and muscle strength, functional performance, and
ultrasonographic parameters were examined, no significant
correlations were observed (p > .05). In contrast, lipedema
stage showed weak but statistically significant negative
correlations with rectus femoris muscle thickness
(r = —0.341, p = .018), handgrip strength (r = —0.321, p =
.026), and four-m walking speed (r = —0.561, p <.001), and
a moderate positive correlation with 5-CST duration (r =
0.306, p = .034). Correlations between age, BMI, lipedema
stage, and muscle and functional parameters are presented
in Table 4.

Discussion

This study evaluated sarcopenia and physical performance
in individuals with lipedema. Sarcopenia was observed in
33.3% of participants, with 14.6% classified as having
severe sarcopenia. Comparisons between participants with
and without sarcopenia revealed no differences in age or
body mass index; however, the sarcopenia group exhibited
reduced muscle thickness and slower walking speed.
Analysis by lipedema stage showed that age and BMI re-
mained similar across groups, whereas muscle thickness,
handgrip strength, and functional performance declined
with advancing stage. Specifically, participants in the most
severe stage had lower muscle thickness, weaker handgrip
strength, slower walking speed, and longer sit-to-stand
times compared with earlier stages. The prevalence of
sarcopenia increased with lipedema stage. Correlation an-
alyses indicated no significant associations between age or
BMI and measures of muscle strength, functional perfor-
mance, or ultrasonographic muscle thickness. In contrast,
higher lipedema stage was significantly associated with
reduced muscle thickness, decreased strength, slower
walking performance, and impaired sit-to-stand function.

Table 2. Clinical and functional comparisons based on sarcopenia status.

Parameter (mean £ SD) Sarcopenia absent (n = 32) Sarcopenia present (n = 16) b

Age (year)® 48.01 + 8.21 4549 + 8.72 0.260
Body mass index (kg/m?)? 33.20 £ 445 32.64 £ 4.04 0.607
Handgrip strength (kg)® 21.59 £ 3.60 15.82 + 3.92 0.001*
Five-times sit-to-stand test (sn)® 11.21 £2.70 14.55 + 3.63 0.004*
Rectus femoris muscle thickness (mm)? 13.08 £ 1.89 873 £ 0.77 0.001*
Four-meter walking speed test (m/s)? .01 £0.19 081 £0.14 0.001*
Lipedema stage (stage 1/2/3) (n)° 9/22/1 1/8/7 0.001*

?Mann Whitney U Test.
®Pearson Chi-square test.
*p < .05 statistically significant.
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Table 3. Comparisons of muscle strength and functional parameters according to lipedema stage.

Parameter (mean £ SD)  Stage | (n = 10)  Stage 2 (n =30) Stage3 (n=8) p° p°(1=2)  p° (1-3)  p° (2-3)
RFM (mm) 12.70 £ 2.62 11.63 +2.50 873 £0.77 0.008*  0.901 0.004* 0.004*
HGS (kg) 22.30 + 4.00 21.63 £ 3.60 15.82 + 3.92 0.042*  0.574 0.026* 0.022%
5-CST (sn) 11.21 £2.70 12.32 + 3.40 14.55 + 3.63 0.025%  0.864 0.041* 0.007*
AMWT (m/s) 1.0l £0.19 0.94 £ 0.20 081 +0.14 0.001*  0.045* 0.001* 0.001*
Sarcopenia n (%) I (10.0) 8 (26.7) 7 (87.5) 0.001*  0.280 0.001* 0.002%

*Kruskal Wallis Test.
®Mann Whitney U Test.
*p < .05 statistically significant.

RFM: Rectus femoris muscle thickness HGS: Handgrip strength 5-CST: Five-times sit-to-stand test 4MWT: Four-meter walking speed test.

Lipedema is a chronic disorder that predominantly af-
fects women and is characterized by a symmetrical and
abnormal accumulation of subcutaneous adipose tissue,
primarily in the lower extremities, including the legs and
hips, and less commonly in the lower arms. This condition
leads to a disproportionate distribution of fat and is often
associated with clinical symptoms such as persistent
swelling, pain or tenderness, and an increased tendency to
bruise easily.'® Although the precise etiology of lipedema
remains unclear, genetic susceptibility and hormonal in-
fluences are considered key contributing factors. In par-
ticular, estrogen is believed to play a significant role, as the
onset or progression of the disease frequently coincides
with periods of hormonal fluctuation, including puberty,
pregnancy, and menopause.” Lipedema is not directly
caused by obesity or lifestyle factors; however, excessive
weight gain may exacerbate disease severity and symptom
progression. Consequently, early diagnosis and timely,
appropriate management are essential for reducing symp-
tom burden and improving patient quality of life.*

Sarcopenia is a progressive and age-related syndrome
characterized by a decline in skeletal muscle mass, muscle
strength, and physical performance, most commonly ob-
served in older adults."® Around 10-16% of older adults
across the globe are thought to experience sarcopenia.”’
With advancing age, both the number and functional quality
of muscle fibers decrease, resulting in reduced physical
capacity, frailty, and an increased risk of falls and related

injuries.>' The development of sarcopenia is multifactorial.
Physical inactivity is one of the primary contributing fac-
tors, as insufficient mechanical stimulation leads to muscle
atrophy and weakness.*” In addition, inadequate nutritional
intake, particularly deficiencies in protein and vitamin D,
impairs muscle protein synthesis and regeneration. Hor-
monal changes associated with aging, the presence of
chronic diseases, persistent low-grade systemic inflam-
mation, and genetic predisposition further contribute to the
onset and progression of sarcopenia.”® Although sarcopenia
is considered a natural consequence of aging, its severity
and functional impact can be significantly mitigated
through appropriate lifestyle interventions, including reg-
ular physical activity and adequate nutritional support.**
Recently, the number of studies investigating sarcopenic
obesity has been increasing.”>>* Sarcopenia in obese in-
dividuals is thought to develop due to a combination of
advancing age, increased adipose tissue, and reduced
muscle mass.”’ However, a review of the literature indicates
that studies examining the relationship between lipedema
and sarcopenia remain limited. Notably, some lipedema
patients experience impaired mobility due to increased
subcutaneous fat and extremity swelling.***' In a case-
control study by Haspolat et al., patients with lipedema were
found to have decreased lower extremity muscle strength,
functional capacity, endurance, and pain threshold com-
pared to healthy controls.*® In Erdal et al.’s study, they
demonstrated that a 6-week program of strengthening and

Table 4. Correlations between age, body mass index, lipedema stage, and muscle and functional measures.

Parameter RFM HGS 5-CST 4AMWT
Age® r = 0.254 r = 0.007 r=-0.174 r=-0216
p =.082 p =.962 p =.238 p =.141
Body Mass index® r=20.137 r = 0.054 r = 0.002 r =0.028
p =.351 p=.716 p =.988 p = .852
Lipedema stage® r = —0.341 r = —0.321 r =0.306 r = —0.561
p=.018* p =.026* p = .034* p =.001%*

?Spearman’s Correlation Test.
*p < .05 statistically significant.

RFM: Rectus femoris muscle thickness HGS: Handgrip strength 5-CST: Five-times sit-to-stand test 4MWT: Four-meter walking speed test.
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aerobic exercise led to improvements in muscle strength,
endurance, and functional capacity, as well as reductions in
pain among lipedema patients.”®> This study found no
significant differences in ultrasonographic rectus muscle
thickness or handgrip strength between stages 1 and 2 of
lipedema; however, both parameters were reduced in stage
3 compared with the earlier stages. Additionally, perfor-
mance on the 5-times sit-to-stand test and the four-m
walking speed test declined progressively with advancing
lipedema stage.

The relationship between lipedema and sarcopenia is
considered to be indirect. Factors such as reduced muscle
use in lipedema, progressive loss of muscle mass over time,
and the chronic inflammatory state associated with the
condition are thought to contribute to this process.”* The
reductions in muscle strength and functional capacity ob-
served in patients with lipedema represent a multifactorial
phenomenon that cannot be attributed solely to adipose
tissue accumulation. Clinical studies have demonstrated
that individuals with lipedema exhibit significantly lower
lower-extremity muscle strength, endurance, and functional
performance compared with healthy controls matched for
body mass index, suggesting that fat accumulation and
related pathophysiological mechanisms adversely affect
muscle function.>” > These findings indicate that the in-
flammatory environment associated with lipedema, which
is linked to chronic pain and fatigue, may interfere with
normal muscle metabolism, leading to reduced efficiency of
muscle fiber function. In addition, changes in mechanical
loading caused by lipedema have been shown to contribute
to muscle weakness in the lower extremities. This muscle
dysfunction is driven not only by the increased mechanical
burden of lipedematous tissue but also by decreased mo-
bility resulting from pain-avoidance behaviors. Reduced
physical activity associated with chronic pain may further
impair muscle protein synthesis and accelerate muscle at-
rophy. Furthermore, adipose tissue—derived factors, such as
adipokines and proinflammatory cytokines, can negatively
affect muscle cellular signaling pathways, thereby pro-
moting sarcopenic processes characterized by diminished
muscle integrity.’®> In line with previous research, the
present study found that more advanced stages of lipedema
were associated with decreased muscle mass and mobility,
as well as a higher prevalence of sarcopenia.

Although age is widely recognized as a critical factor in
the development of sarcopenia, the concept of sarcopenia in
younger individuals has also been increasingly addressed in
the literature. Factors associated with early-onset sarco-
penia include metabolic syndrome, physical inactivity,
malnutrition, genetic and perinatal influences, vitamin D
deficiency, endocrine disorders, and alterations in gut mi-
crobiota composition.**** Evidence demonstrating the
presence of chronic inflammation and gut microbiota
dysbiosis in individuals with lipedema further supports
these proposed mechanisms.**** Consequently, the

management of lipedema should extend beyond adipose
tissue control and incorporate exercise, physical therapy,
and targeted nutritional interventions aimed at preserving
muscle health. Clinicians should be aware that sarcopenia
may also occur in this patient population, and strategies to
maintain muscle mass and function should be integrated
into comprehensive rehabilitation programs. This study also
did not demonstrate a significant association between age or
BMI and the presence of sarcopenia in individuals with
lipedema.

Previous studies have reported reductions in lower ex-
tremity muscle mass and functional capacity in individuals
with lipedema. However, the present study is particularly
significant as it highlights an increased prevalence of sar-
copenia associated with the progression of lipedema in this
population. A key strength of this study is that all assess-
ments and classifications were conducted in accordance with
established guideline standards. Among the limitations, the
small sample size is notable. Another limitation of the study
is the absence of participants with stage 4 lipedema as well as
the lack of a healthy control group. The study found only a
low-to-moderate correlation between lipedema stage and the
assessed parameters, which may limit the strength of the
conclusions. Additionally, the study did not include pain
assessment parameters, inflammatory markers, or objective
biomarkers that could support the diagnosis of sarcopenia.
Future research should focus on multicenter, prospective
studies with larger sample sizes that incorporate objective
biomarkers and assess rehabilitation outcomes.

Conclusion

These findings demonstrated that patients with lipedema
exhibit reductions in muscle thickness, handgrip strength,
and functional performance, with the prevalence of sarco-
penia increasing as the stage of lipedema advances. There-
fore, early identification of lipedema-associated muscle
dysfunction is crucial for preserving activities of daily living
and preventing the progression of sarcopenic processes.
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