1) Check for updates

VASCULAR
MEDICINE

Vascular Medicine

2024, Vol. 29(1) 3641

© The Author(s) 2023

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1358863X231202769
journals.sagepub.com/home/vmj

S Sage

Original Research Article

National survey of patient symptoms and
therapies among 707 women with a lipedema
phenotype in the United States

Aaron W Aday' (2, Paula MC Donahue??, Maria Garza*,

Vanessa N Crain®, Niral ] Patel®, John A Beasley®, Karen L Herbst’,
Joshua A Beckman®(2), Shannon L Taylor®¢, Michael Pridmore?®,
Sheau-Chiann Chen?, Manus ] Donahue*'°

and Rachelle Crescenzi®*®

Abstract

Background: National survey data exploring the patient experience with lipedema are lacking. Methods: We conducted
national surveys from 2016 to 2022 of women with lipedema as well as female controls. Surveys collected information
on symptomatology, pain, and therapies. We performed logistic regression comparing symptoms among those with
lipedema versus controls adjusting for age and BMI. Results: A total of 707 women with lipedema and 216 controls
completed the surveys. Those with lipedema had a mean age of 48.6 years and mean BMI of 40.9 kg/m2. Lipedema
symptom onset occurred frequently at puberty (48.0%) or pregnancy (41.2%). Compared to controls, women with
lipedema were more likely to report leg swelling in heat (odds ratio [OR], 66.82; 95% Cl, 33.04-135.12; p < 0.0001),
easy bruising (OR, 26.23; 95% Cl, 15.58-44.17; p < 0.0001), altered gait (OR, 15.54; 95% Cl, 7.58-31.96; p < 0.0001),
flu-like symptoms (OR, 12.99; 95% Cl, 4.27-39.49; p < 0.0001), joint hypermobility (OR, 12.88; 95% Cl, 6.68-24.81; p
< 0.0001), cool skin (OR, 12.21; 95% Cl, 5.20-28.69; p < 0.0001), varicose veins (OR, 11.29; 95% Cl, 6.71-18.99; p <
0.0001), and fatigue (OR, 9.59; 95% ClI, 6.10-15.09; p < 0.0001). Additionally, 70.3% had upper arm involvement, 21.2%
reported foot swelling, and 16.6% reported foot pain. Most (52.2%) reported no symptom improvement with diet or
exercise. Common therapies used included compression therapy (45.0%), gastric bypass (15.7%), and lower-extremity
liposuction (14.0%). Conclusion: In a large, national, symptom survey, women with lipedema reported excess pain,
swelling, and fat in the legs along with numerous symptoms beyond those classically described. Symptom responses to
common therapies remain understudied.
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Background

Lipedema is characterized by the disproportionate accumu-
lation of nodular, fibrotic adipose tissue primarily in the
lower limbs with sparing of the upper torso, hands, and
feet.'? Lipedema almost exclusively affects women, and
these limb changes are reported to often begin during
puberty, pregnancy, menopause, or following surgery.
Because it is often confused with obesity or lymphedema,
lipedema is chronically misdiagnosed and undertreated.>
Symptoms frequently reported in lipedema include pain
with light touch or pressure,* easy bruising,’ and joint
hypermobility.® These symptoms may impact physical
function and quality of life.”® Prior surveys regarding
symptom onset, symptom description, and therapies uti-
lized by patients with lipedema are limited by small sample
size,'%!! narrow focus of survey questions,'®!! and lack of
peer review of survey findings.'?

Characterizing the symptomatology of those living with
lipedema in a large population may improve the understand-
ing of this disorder, provide targets for therapeutic trials, and
assist in the development of patient-centered treatment plans.
Thus, a comprehensive survey in a large population that col-
lects patients’ reported symptomatology and treatment expe-
rience with lipedema remains a critical unmet need.

To address this, we collected detailed survey data on
symptom description and distribution as well as common
treatments among the largest cohort of patients with
lipedema in the United States reported to date. Additionally,
we compared symptomatology to a control cohort without
lipedema.

Methods
Patient identification and recruitment

All participants provided written informed consent. This
study was conducted according to the World Medical
Association Declaration of Helsinki and was approved
by the Vanderbilt University Medical Center (VUMC)
institutional review board (IRB). We recruited patients
with lipedema using IRB-approved research advertise-
ments on social media, in-person recruitment at a
Fat Disorders Resource Society annual conference,
ResearchMatch.org, VUMC research e-mail advertise-
ments, and through VUMC clinics. We recruited control
participants without lipedema within a decade of life
through ResearchMatch.org, VUMC research e-mail
advertisements, social media outreach, and outreach
through both the Fat Disorders Resource Society and the
Lipedema Foundation.

Survey instrument

We collected data between 2016 and 2022 using four sur-
vey instruments from 2016 to 2022 (Table 1). We distrib-
uted all surveys as electronic instruments in Research
Electronic Data Capture (REDCap)'*!'* either remotely or
in person. Participants had access to study personnel to
address questions. To determine survey content, we used
lipedema characterizations reported in the literature or

shared during patient interactions at the Fat Disorders
Resource Society Annual Conference in 2016. Survey
questions used in the present analysis were identical across
all four surveys. If a subject completed multiple surveys,
only the first was used for this analysis. In addition to base-
line demographic information, the surveys collected infor-
mation on symptom onset timing, symptom type (online
Supplemental Figure 1), sign and symptom distribution
(online Supplemental Figure 2), and therapies used for
lipedema (online Supplemental Figure 3). Controls without
lipedema completed the same surveys except for lipedema-
specific sections. We assessed leg pain using the visual ana-
logue scale (VAS) presented as a user-controlled sliding bar
from 0 to 100 (online Supplemental Figure 4). Survey data
were collected and managed using REDCap electronic data
capture tools hosted at VUMC.

Statistical analysis

We included all respondents who provided complete infor-
mation on age, weight, and height and who self-identified
as women. We used descriptive statistics to summarize
demographic and survey outcome by group. The lipedema
group consisted of individuals with a reported diagnosis of
lipedema (i.e., case), and the control group consisted of
those without a reported diagnosis of lipedema (i.e., con-
trol). We reported means and SDs for continuous variables
and frequency (counts) and percentages for categorical
variables. To control for confounding variables, we used
multivariable logistic regression adjusted for age and body
mass index (BMI) to compare symptoms in cases versus
controls and reported adjusted odds ratios (OR) and 95%
CI. To explore the impact of varicose veins on these symp-
toms, we added a history of varicose veins to the above
multivariable logistic regression models for additional
analyses. In exploratory analyses, we compared symptoms
among either cases with physician-diagnosed lipedema or
cases with self-reported lipedema to controls using multi-
variable logistic regression adjusted for age and BMI.
Similarly, we reported adjusted ORs and 95% ClIs for these
exploratory analyses. We analyzed BMI on a natural log
scale to reduce variation. We used the penalization of the
likelihood by Jeffreys’ prior to reduce biased estimation for
solving the low number of events for some survey responses
in binomial-response generalized linear models. To account
for multiple testing, we adjusted p-values using the
Benjamini—-Hochberg method and considered a two-sided
p-value less than 0.05 statistically significant. We did not
impute missing data, and used SAS software, version 9.4
(SAS Institute Inc., Cary, NC, USA) and R 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria) for
all analyses.

Results

The sample included 707 women with a lipedema phenotype
and 216 controls. The mean age of those with lipedema was
48.6 years with a mean BMI of 40.9 kg/m? (Table 2). At the
time of survey, 46.3% of respondents with lipedema reported
receiving a diagnosis by a physician. An additional 6.6%
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Table |. Survey details for study respondents.

Survey round Survey years e-Survey setting

Lipedema respondents (n) Control respondents (n)

| 20162017 Remote
2 2018-2020 Remote
3 2019 In person
4 2021-2022 Remote

401 -

234 188
47 18
25 10

Table 2. Baseline characteristics of survey respondents.

Lipedema (n = 707)*

Controls (n = 216)

Age, years, mean (SD) 48.6 (11.6) 41.8 (15.3)
BMI, kg/m?, mean (SD) 40.9 (12.5) 27.1 (6.7)
How lipedema diagnosed, n (%)
Physical therapist 47 (6.6) -
Physician 327 (46.3) -
Self 42 (5.9) -
Other 86 (12.2) -
When symptoms worsened, n (%)
Puberty 339 (48.0) -
Menstruation 151 (21.4) -
Pregnancy 291 (41.2) -
Menopause 235 (33.2) -
Abdominal surgery 219 (31.0) -
Typical pain, mean (SD) 53.9 (23.8) 6.9 (12.7)

*Number missing: 205 (how lipedema diagnosed); 188 (when symptoms worsened).

BMI, body mass index.

Odds Ratio (95% CI) p Value
Swelling in heat| —e—166.82 (33.04-135.12) <0.0001
Easy bruising —eo— 26.23 (15.58-44.17) <0.0001
Altered gait —e— 15.54 (7.58-31.96) <0.0001
Flu-like symptoms e 12.99 (4.27-39.49) <0.0001
Joint hypermobility —eo— 12.88 (6.68-24.81) <0.0001
Skin cool to touch —e— 12.21 (5.20-28.69) <0.0001
Varicose veins| —eo— 11.29 (6.71-18.99) <0.0001
Fatigue o 9.59 (6.10-15.09) <0.0001
Hyperactive behavior or distractibility ——e— 6.50 (2.41-17.58) 0.0002
Lipomas —e— 5.34 (2.84-10.04) <0.0001
Attractive to mosquitos| —@— 2.35 (1.57-3.51) <0.0001
1 5 tl! 1I6 3I2 6I4 158 2:':6
Adjusted Odds Ratio
(95% CI)

Figure |. Symptoms surveyed in respondents with lipedema versus controls.

Models are adjusted for age and body mass index. The p-values are adjusted for multiple testing using the Benjamini-Hochberg method. Number
missing for cases: 41 (swelling); 33 (bruising); 44 (gait); 90 (flu); 46 (hypermobility); 44 (cool skin); 49 (varicose veins); 35 (fatigue); 66 (hyperactive
behavior or distractibility); 50 (lipomas); 44 (mosquitos). Number missing for controls: 28 (swelling); 28 (bruising); 28 (gait); 90 (flu); 28 (hypermobility);
28 (cool skin); 28 (varicose veins); 28 (fatigue); 28 (hyperactive behavior or distractibility); 28 (lipomas); 28 (mosquitos).

were identified by a physical therapist. Worsening symptoms
were most commonly reported at puberty (48.0%) or preg-
nancy (41.2%) followed by menopause (33.2%) and abdom-
inal surgery (31.0%). Using the 0—100 VAS sliding scale for
pain, the mean severity of leg pain typically experienced by
women with lipedema was 53.9 (SD, 23.8) compared to 6.9
(SD, 12.7) by controls.

In logistic regression models adjusting for age and BMI,
participants with lipedema were more likely to experience
swelling in hot weather (OR, 66.82; 95% CI, 33.04-135.12;

p < 0.0001), easy bruising (OR, 26.23; 95% CI, 15.58-
44.17; p < 0.0001), and altered gait (OR, 15.54; 95% CI,
7.58-31.96; p < 0.0001) compared to controls (Figure 1).
Other signs and symptoms more common in those with
lipedema compared to controls were flu-like symptoms
(OR, 12.99; 95% CI, 4.27-39.49; p < 0.0001), joint hyper-
mobility (OR, 12.88; 95% CI, 6.68-24.81; p < 0.0001),
skin that was cool to the touch (OR, 12.21; 95% CI, 5.20—
28.69; p < 0.0001), varicose veins (OR, 11.29; 95% ClI,
6.71-18.99; p < 0.0001), and fatigue (OR, 9.59; 95% CI,



Aday et al.

39

A. Excess fat deposits B. Swelling

C. Painful

Hands

Forearms

Upper Arms

Waist

Hips

Thighs

Knees

Calves

Feet

3.4 7.1

4.7

30.1 1

70.3

40.6 18.8

-
-
76.1 -.57.1
66.3 --I68.5

|21 2

1

75.5

4.7

3.3

.35.6
29
-
.-
-
——
16.6

0

20 40 60 80 0 20 40 60 80 0

Percent of Patients with Lipedema (%)

20 40 60

80

Figure 2. Distribution of signs and symptoms among respondents with lipedema.

6.10-15.09; p < 0.0001). Participants with lipedema were
also more likely to report lipomas than controls (OR, 5.34;
95% CI, 2.84-10.04; p < 0.0001). Additionally adjusting
for the presence of varicose veins only partially attenuated
these associations (online Supplemental Table 1). In explor-
atory analyses, participants with either physician-diagnosed
lipedema or self-reported lipedema were more likely than
controls to experience all symptoms surveyed, although
this did not reach statistical significance for hyperactive
behavior or distractibility among those with self-reported
lipedema (OR, 4.45; 95% CI, 0.85-23.37; p = 0.08) (online
Supplemental Table 2).

Regarding the distribution of symptoms, respondents
with lipedema frequently reported excessive fat in the
thighs (85.3%), followed by knees (76.1%), hips (75.5%),
upper arms (70.3%), calves (66.3%), and forearms (30.1%),
whereas the hands and feet were typically spared from fat
(< 5%) (Figure 2A). Of the 213 women with excess fore-
arm fat deposition, 202 (94.8%) also had excess upper arm
fat deposition. Swelling in the calves was common (68.5%),
followed by thigh and knee swelling in more than 50% of
respondents (Figure 2B). Pain was similarly distributed,
with the calves most commonly affected (62.0%), followed
by thighs and knees (Figure 2C). Fewer women reported
swelling (21.2%) or pain (16.6%) in their feet. Respondents
with lipedema also reported an asymmetric appearance of
the calves (23.8%), thighs (20.7%), knees (18.0%), and
hips (13.3%) (online Supplemental Table 3). The distribu-
tion of symptoms was numerically similar in women with
physician-diagnosed lipedema and those with self-reported
lipedema (online Supplemental Table 4).

Prior treatments for lipedema were commonly tried
among surveyed participants (Table 3). More than 90% of
participants had tried dieting or exercise, although 52% of
these reported this therapy was not helpful in reducing
symptoms. Fewer than half had used compression therapy
(45%) or manual lymphatic drainage therapy (43%), and
59% trialed nutritional supplements. A small proportion of
respondents had undergone surgical treatment, either with
gastric bypass (15.7%) or liposuction (14.0%).

Table 3. Lipedema treatments utilized by survey respondents.

Lipedema (n = 707)*

Dieting, n (%) 663 (93.8)
Exercise, n (%) 647 (91.5)
Vitamin/mineral supplements, n (%) 420 (59.4)
Compression, n (%) 318 (45.0)
Manual lymphatic drainage, n (%) 306 (43.3)
Gastric bypass, n (%) 11 (15.7)
Liposuction, n (%) 99 (14.0)
Other, n (%) 85 (12.0)
None, n (%) 7 (1.0)
Diet/exercise helpful, n (%)
Yes 113 (16.0)
Partially 92 (13.0)
No 369 (52.2)
Unsure 92 (13.0)

2Number missing: 5 (dieting); 5 (exercise); 16 (supplements); 14
(compression); 20 (manual lymphatic drainage); 39 (gastric bypass); 37
(liposuction); 35 (other); 46 (none); 41 (diet/exercise helpful).

Discussion

In this national survey of more than 700 women with
lipedema, participants reported experiencing a wide range
of symptoms not accounted for by age or BMI. Beyond
involvement of the hips, thighs, and calves, upper arm fatty
deposits were common, and the feet were frequently affected
by swelling and pain. Asymmetric signs and symptoms
were also common. The experience of leg pain in those with
lipedema was significantly greater than in control subjects.
Fewer than half of respondents had tried compression or
manual lymphatic drainage to address pain and swelling,
and even fewer tried liposuction. To our knowledge, this is
the largest survey of women with lipedema to date that
includes comparisons to control subjects and assesses symp-
toms across a nonsurgical and surgical cohort of women.
Beyond classically reported symptoms of easy bruising
and presence of subcutaneous nodules, both the present
study and a prior online survey by the Lipedema Foundation'?
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make clear the presence of systemic symptoms, including
fatigue, pain, diffuse swelling, altered gate, joint hypermo-
bility, pain, and fatigue. Edema, in particular, has emerged
as a controversial topic in the field. For example, the recent
International Consensus Document reports that edema is not
a feature of lipedema.'> The present data, in which patients
frequently reported dynamic changes in swelling in response
to heat as well as involvement of the feet, suggest that fur-
ther study of edema in women with lipedema is needed.
Prior data demonstrated greater capillary density within
lipedema tissue,'® as well as increased endothelial permea-
bility,'” which may in part relate to symptoms of edema.
Notably, after adjusting for the high prevalence of varicose
veins in our cohort, swelling remained the most likely symp-
tom of those with lipedema, suggesting other contributors to
their edema beyond chronic venous insufficiency. Finally, a
growing body of literature demonstrates direct visualization
of edema in the limbs of women with lipedema,'®!? as well
as improved imaging parameters related to disease burden
following manual lymphatic drainage,?’ suggesting this par-
adigm should be revisited.

The survey findings also call into question the notion
that lipedema is primarily a disease of the lower legs that
spares the feet. We found that 70% of respondents had
upper arm excess fat deposits, and 30% had forearm
involvement that nearly always occurred along with upper
arm involvement (i.e., full arm excess fat deposition).
These findings are consistent with a prior survey that
reported arm involvement in 52% of respondents in 148
women undergoing surgery for lipedema.!! Both a recent
UK survey as well as the Lipedema Foundation survey
reported upper-extremity involvement (70% and 71%,
respectively).!%!2 Symptoms of fat deposition may be less
pronounced in the arms than legs or may develop later in
the disease process, but it should be noted that pain in both
the upper arms and the forearms was common among our
survey respondents. Similarly, although few women
reported excess fat in their feet, we found that pain and
edema were common in the feet. Here, too, these survey
data challenge the classic understanding of lipedema and
emphasize the need for reliable, quantifiable diagnostic
tests reflecting this distribution of symptoms in lipedema.
These data also suggest a need to further investigate the
influences lipedema has on the veno-lymphatic and neuro-
logical systems.

Most of our survey respondents had tried conservative
therapy, primarily diet and exercise, and found these ther-
apies ineffective at improving their symptoms. However,
we did not capture data on whether respondents were
successful at losing weight, and it is possible more effec-
tive nonsurgical or surgical interventions may be effec-
tive options for some patients.?!?> The efficacy of weight
loss on improving lipedema symptoms should be
researched further. Numerous studies have shown that
liposuction is an effective therapy to reduce symptoms
and improve functional status in women with liped-
ema."!12327 Despite the significant symptomatic burden
of our respondents, very few had undergone liposuction.
Cost and inconsistent insurance coverage for these

procedures persist. These data highlight the ongoing
treatment gap for patients with lipedema.

Study limitations

There are several limitations to our analysis. Questionnaires
did not fully capture patient demographics, such as race,
geographic location, or medical comorbidities, which could
be important factors to understand in future questionnaires.
Although most respondents had been formally diagnosed
with lipedema by a clinician, central adjudication of the
diagnosis was not possible. As a result, it is possible some
respondents had obesity or other disorders without
lipedema. Additionally, we did not capture data on other
conservative therapies, including soft tissue mobilization
techniques beyond manual lymphatic drainage. It is possi-
ble other important symptoms of lipedema may also be pre-
sent but were not captured by this set of questionnaires.
Because respondents were recruited based on the presence
of lipedema, our results may have been impacted by selec-
tion bias, and the experiences of individuals with less
severe symptoms may be underrepresented in our data.
Future studies should emphasize the inclusion of patients
with a wide range of symptom severity and disability. The
control population had a lower mean BMI than those with
lipedema, and it is possible a control population with a
more similar BMI would have yielded additional insights.
Finally, survey responses may have been influenced by
recall bias.

Conclusion

Among a large, national cohort of patients with lipedema,
nearly half of whom were formally diagnosed by a physi-
cian, women with lipedema experience a wide range of
symptoms. Furthermore, signs and symptoms frequently
affect areas outside the lower body, suggesting that the
classical description of lipedema may be incomplete, at
least among patients with more severe symptoms and dis-
ability. Despite numerous advances in lipedema awareness
in recent years,?® survey data presented here also highlight
an ongoing treatment gap for this patient population.
Without further efforts to deeply phenotype patients, fully
characterize the patient experience, and ultimately develop
reliable diagnostic criteria for lipedema, these treatment
gaps will likely persist. National research efforts, such as
those presented here, are intended to help guide further
collaborations between patients, clinicians, researchers,
and funding partners.

Acknowledgements

The authors would also like to recognize the Fat Disorders
Resource Society (FDRS) for their support during their 2016—
2019 FDRS Conferences in connecting people living with
lipedema and researchers.

Data availability statement

Data used in the present analysis are available upon reasonable
request from the corresponding author.



Aday et al.

41

Declaration of conflicting interests

Aaron W Aday reports receiving consulting fees from Aeglea out-
side of the current work. Paula MC Donahue is a paid consultant
for PureTech Health and Tactile Medical, and has received clini-
cal and imaging grants from LymphaTouch. Manus J Donahue is
a paid consultant or advisory board member for Pfizer, Inc.,
Alterity, bluebird bio, Novartis, LymphaTouch, and Graphite Bio,
and he is the chief executive officer for Biosight, LLC, which
operates as an imaging vendor and clinical research organization:
there is no actual or perceived conflict of interest with these agree-
ments and the scope of this work. John A Beasley reports consult-
ing fees from JanOne, Janssen, and Novartis and he has received
grant funding from Bristol Myers Squibb. All other authors report
no conflicts.

Funding

This work was supported by the National Institutes of Health
(NIH) National Heart, Lung, and Blood Institute (NHLBI) K23
HL151871 (Aaron W Aday), ROl HL157378 (Rachelle
Crescenzi), and the Lipedema Foundation (LF) Postdoctoral
Research Fellowship (Rachelle Crescenzi), LF Award LF30-B
(Rachelle Crescenzi and Aaron W Aday), and LF Award 12
(Manus J Donahue). REDCap and recruitment through www.
ResearchMatch.org are supported by the National Center for
Advancing Translational Sciences (NCATS) Clinical Translational
Science Award (CTSA) Program, award number SUL1TR002243-
03. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the NIH.

ORCID iDs

Aaron W Aday
Joshua A Beckman

https://orcid.org/0000-0001-6243-3432
https://orcid.org/0000-0001-8332-8439

Supplementary material

The supplementary material is available online with the article.

References

1. Herbst KL, Kahn LA, Iker E, et al. Standard of care for
lipedema in the United States. Phlebology 2021; 36: 779—
796.

2. Wold LE, Hines EA Jr, Allen EV. Lipedema of the legs; A
syndrome characterized by fat legs and edema. Ann Intern
Med 1951; 34: 1243-1250.

3. Torre YS, Wadeea R, Rosas V, et al. Lipedema: Friend and
foe. Horm Mol Biol Clin Investig 2018; 33: 20170076.

4. Szolnoky G, Varga E, Varga M, et al. Lymphedema treat-
ment decreases pain intensity in lipedema. Lymphology
2011; 44: 178-182.

5. Szolnoky G, Ifeoluwa A, Tuczai M, et al. Measurement of
capillary fragility: A useful tool to differentiate lipedema
from obesity? Lymphology 2017; 50: 203—-2009.

6. Beltran K, Herbst KL. Differentiating lipedema and
Dercum’s disease. Int J Obes (Lond) 2017, 41: 240-245.

7. Alwardat N, Di Renzo L, Alwardat M, et al. The effect of
lipedema on health-related quality of life and psychologi-
cal status: A narrative review of the literature. Eat Weight
Disord 2020; 25: 851-856.

8. Falck J, Rolander B, Nygardh A, et al. Women with lipo-
edema: A national survey on their health, health-related
quality of life, and sense of coherence. BMC Womens Health
2022; 22: 457.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dudek JE, Bialaszek W, Ostaszewski P. Quality of life in
women with lipoedema: A contextual behavioral approach.
Qual Life Res 2016; 25: 401-408.

Paling I, Macintyre L. Survey of lipoedema symptoms and
experience with compression garments. Br J Community
Nurs 2020; 25: S17-S22.

Herbst KL, Hansen EA, Cobos Salinas LM, et al. Survey out-
comes of lipedema reduction surgery in the United States.
Plast Reconstr Surg Glob Open 2021; 9: €3553.

Learning by listening: Early findings from the Lipedema
Foundation Registry survey. Lipedema Foundation, 2022.
Harris PA, Taylor R, Thielke R, et al. Research electronic
data capture (REDCap)—A metadata-driven methodology
and workflow process for providing translational research
informatics support. J Biomed Inform 2009; 42: 377-381.
Harris PA, Taylor R, Minor BL, et al. The REDCap consor-
tium: Building an international community of software plat-
form partners. J Biomed Inform 2019; 95: 103208.

Bertsch T, Erbacher G, Elwell R. Lipoedema: A paradigm
shift and consensus. J Wound Care 2020; 29: 1-51.
Al-Ghadban S, Cromer W, Allen M, et al. Dilated blood
and lymphatic microvessels, angiogenesis, increased mac-
rophages, and adipocyte hypertrophy in lipedema thigh skin
and fat tissue. J Obes 2019; 2019: 8747461.

Strohmeier K, Hofmann M, Jacak J, et al. Multi-level anal-
ysis of adipose tissue reveals the relevance of perivascular
subpopulations and an increased endothelial permeability
in early-stage lipedema. Biomedicines 2022; 10: 1163.
Crescenzi R, Donahue PMC, Garza M, et al. Subcutaneous
adipose tissue edema in lipedema revealed by noninvasive
3T MR lymphangiography. J Magn Reson Imaging 2023; 57:
598-608.

Rasmussen JC, Aldrich MB, Fife CE, et al. Lymphatic func-
tion and anatomy in early stages of lipedema. Obesity (Silver
Spring) 2022; 30: 1391-1400.

Donahue PMC, Crescenzi R, Petersen KJ, et al. Physical ther-
apy in women with early stage lipedema: Potential impact of
multimodal manual therapy, compression, exercise, and edu-
cation interventions. Lymphat Res Biol 2022; 20: 382-390.
Fink JM, Schreiner L, Marjanovic G, et al. Leg volume in
patients with lipoedema following bariatric surgery. Visc Med
2021;37:206-211.

Jeziorek M, Szuba A, Kujawa K, et al. The effect of a low-
carbohydrate, high-fat diet versus moderate-carbohydrate
and fat diet on body composition in patients with lipedema.
Diabetes Metab Syndr Obes 2022; 15: 2545-2561.

Amato ACM, Benitti DA. Lipedema can be treated non-
surgically: A report of 5 cases. Am J Case Rep 2021; 22:
€934406.

Rapprich S, Dingler A, Podda M. Liposuction is an effective
treatment for lipedema—Results of a study with 25 patients.
J Dtsch Dermatol Ges 2011; 9: 33-40.

Wollina U, Heinig B. Treatment of lipedema by low-volume
micro-cannular liposuction in tumescent anesthesia: Results
in 111 patients. Dermatol Ther 2019; 32: ¢12820.

Dadras M, Mallinger PJ, Corterier CC, et al. Liposuction in
the treatment of lipedema: A longitudinal study. Arch Plast
Surg 2017; 44: 324-331.

Baumgartner A, Hueppe M, Meier-Vollrath I, et al. Improve-
ments in patients with lipedema 4, 8§ and 12 years after lipo-
suction. Phlebology 2021; 36: 152—-159.

Buso G, Depairon M, Tomson D, et al. Lipedema: A call to
action! Obesity (Silver Spring) 2019; 27: 1567-1576.


www.ResearchMatch.org
www.ResearchMatch.org
https://orcid.org/0000-0001-6243-3432
https://orcid.org/0000-0001-8332-8439

