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Lipedema is a common, but often underdiagnosed masquerading disease of obesity, which almost exclu-
sively affects females. There are many debates regarding the diagnosis as well as the treatment strategies
of the disease. The clinical diagnosis is relatively simple, however, knowledge regarding the pathomech-
anism is less than limited and curative therapy does not exist at all demanding an urgent need for exten-
sive research. According to our hypothesis, lipedema is an estrogen-regulated polygenetic disease, which
manifests in parallel with feminine hormonal changes and leads to vasculo- and lymphangiopathy.
Inflammation of the peripheral nerves and sympathetic innervation abnormalities of the subcutaneous
adipose tissue also involving estrogen may be responsible for neuropathy. Adipocyte hyperproliferation
is likely to be a secondary phenomenon maintaining a vicious cycle. Herein, the relevant articles are
reviewed from 1913 until now and discussed in context of the most likely mechanisms leading to the dis-

ease, which could serve as a starting point for further research.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

More than 1.4 billion adults were overweight and more than
half a billion were obese according to the WHO public data in
2008 [1]. Differential diagnostic purposes demand the discussion
of obesity-related masquerading diseases. Regarding the physical
and psychological conditions of patients suffering from altered
subcutaneous fat deposition, these problems may be as severe as
obesity. Large and continuously increasing efforts are made to help
obese patients to regain their normal body weight, unlike in case of
masquerading diseases, where the underlying pathomechanisms
are poorly understood and effective treatments are not or hardly
available. The etiology and pathophysiology of conditions with dis-
proportional fatty deposits like lipodystrophies, multiple symmet-
ric lipomatosis, Dercum’s disease and lipedema have not been
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clearly elucidated. Among these disorders, lipedema is likely to
be one of the most common but often underdiagnosed conditions
[2]. This review aims to outline the current knowledge and to give
insightful ideas and theoretical clues regarding the presumed
pathomechanism of lipedema.

Epidemiology of lipedema

Epidemiology of lipedema has been barely investigated. Child
AH et al. estimated the minimum value of prevalence within the
population as 1:72,000 [3]. Besides, according to a study of Foldi
et al., prevalence of lipedema was up to 11% among women and
postpubertal girls in their test group [4]. Forner-Cordero et al.
reported 18.8% of the patients in their unit with enlargement of
the lower limbs between 2005 and 2012 [5]. Among patients
hospitalized for lymphatic disease, the proportion is estimated as
8-17% [6]. Lipedema is extremely rare in the male population,
however, few cases with testosterone or growth hormone deficiency,
or liver disease have been reported [3,7]. Children can also be
affected. According to a recent study, 6.5% of infants with the referral
diagnosis of lymphedema actually suffered from lipedema [8].

Diagnosis, types and stages of lipedema

For a proper diagnosis, Wold, Hines and Allen proposed the
following six diagnostic criteria in 1951 [9] (Table 1).

Based on the involved body parts, five types of lipedema can be
differentiated [10] (Table 2).
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Table 1
Diagnostic criteria of lipedema.
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. Lipedema merely affects women and appears by the third decade of life

. Bilateral and symmetrical fat deposits develop downward from the hips,

while the feet are usually spared

Non-pitting edema

. Affected subcutaneous regions are tender, painful and characterized by
easy bruising

5. Resistance to diet and stimulation of backflow by the elevation of the

extremities
6. Increased vascular fragility

N

W

Table 2
Types of lipedema.

Type I: Pelvis, buttocks and hips

Type II: Buttocks to knees, with formation of folds of fat around the inner side
of the knee

Type III: Buttocks to ankles

Type IV: Arms (rare, approximately 3% of all cases) [86]

Type V: Lower leg

Table 3
Stages of lipedema.

Stage 1: Normal skin surface with enlarged hypodermis

Stage 2: Uneven skin with indentations in the fat, larger mounds of tissue
grow as unencapsulated masses, lipomas and angiolipomas

Stage 3: Large extrusions of tissue causing deformations especially on the
thighs and around the knees

Stage 4: Lipedema with lymphedema

Lipedema can progress through four stages [2,11] (Table 3).

Therapeutical approaches

Primary options comprise lymphatic decongestive therapy,
physiotherapeutic exercises, pain control, psychological support
and liposuction. Occasionally, medications can also be considered:
beta-adrenergic agonist for capillary leak syndrome, glucocorticos-
teroids for swelling and pain, cimetidine and beta glucan to
improve the impaired local immune response due to edema [12],
short-course of diuretics or selenium for lipedema with concomi-
tant lymphedema [13]. Decongestive lymphatic therapy including
manual lymphatic drainage, physical exercise, multilayered and
multicomponent compression bandaging and meticulous skin care
is the standard conservative approach for lipedema treatment [5].
Complex form of this decongestive lymphatic therapy has also
been shown to decrease bruising, one of the hallmarks of lipedema
[14]. Physiotherapy can also be combined with intermittent pneu-
matic compression (IPC) improving venous flow and decreasing
lymph production [15]. However, it is doubtful whether IPC leads
to additional improvement [16]. Another physiotherapeutical
method, shock wave therapy has been found to reduce girth cir-
cumference and oxidative stress and to reshape body contour
[17]. Liposuction is usually a temporal solution [18,19] A precise
summary of recommended treatments has been reported by
Herbst [2].

Hypothesis of the pathomechanism of lipedema

Lipedema is a severe but often underdiagnosed disease [2],
however, according to our recent knowledge, generally accepted,
evidence based theory for the pathomechanism does not exist,
which evoked urgent need for hypothetic issues. In the background
of lipedema, polygenetic susceptibility is suspected, which may

manifest in parallel with feminine hormonal changes. Several gene
candidates playing a role in vasculo-or lymphangiogenesis and
being under the influence of estrogen are supposed to be responsi-
ble for the primary endothelial barrier dysfunction and lymphangi-
opathy. Estrogen-mediated central imbalance of weight control
and disturbed lipogenesis-lipolysis through partly genetic, body
region specific peripheral effects could be involved in the patho-
genesis. In addition, estrogen also has a pivotal role in the
region-specific sympathetic innervation of the subcutaneous adi-
pose tissue therefore we hypothesize innervation abnormalities
and concomitant inflammation of sensory nerves in the back-
ground of neuropathy. Increased amount of adipose tissue might
not be the initial step, rather the consequence of leaky lymphatics
starting a vicious cycle and resulting in secondary alterations in
blood and lymphatic (micro)circulation.

Genetic background: is lipedema an inherited condition?

A suspected genetic background was reviewed by Herbst [2]. In
up to 60% of patients, lipedema was suggested to be an inherited
condition [20]. Based on a clinical report, studying 330 family
members, a possible autosomal dominant inheritance with incom-
plete penetrance was suspected, however, exact genes involved in
lipedema were not identified here [3]. Nevertheless, several studies
on different animal models provided many possible genes, which
could potentially be involved in the manifestation of the disease.
A study by Harvey et al. on a new model for adult-onset obesity
and lymphatic vascular disease, mice with functional inactivation
of a single allele of the homeobox gene PROX1, reported leaky
lymphatics and consequent obesity [21]. In another animal model
of hereditary lymphedema, mice with VEGFR-3 heterozygous inac-
tivating missense mutation have hypoplastic dermal lymphatics
and exhibit thickening of the subcutaneous adipose tissue
[22,23]. Another possible candidate, which may play a role in the
pathomechanism is PIT-1 gene. Mutation of PIT-1 was identified
in a 23-year-old male and his mother. In this family, short stature
and swelling of the legs affected women through four generations
[24]. It is consistent with the findings of Foldi et al. who observed a
higher incidence of lipedema after surgery for pituitary adenomas
[4]. Gonzalez-Parra and colleagues reported that changes in circu-
lating levels of sex steroids modulate the expression of PIT-1 in the
anterior pituitary gland [25]. BMP-2 is regulated by estrogen [26],
able to cause inflammatory reaction with edema [27], stimulates
adipogenesis [28] and has been reported to cause acute epidural
lipedema [29]. NSD1 mutation is known to be associated with
Sotos syndrome [30], however, it may be also responsible for the
estrogen-mediated lipedema formation. These studies may repre-
sent a possible link between the genetic background and the role
of estrogen in the development of lipedema.

Is the pathogenesis of lipedema hormonally influenced?

Estrogen has a direct effect on white adipose tissue through its
estrogen receptors (ERo,B and G protein-coupled estrogen recep-
tors) [31]. Considering the difference of androgenic and gynoid adi-
posity, this effect is likely to be body region-specific. The
background mechanism was discussed in a study where an intra-
venous bolus of conjugated estrogen led to a lower level of
decrease in basal lipolysis of the abdominal than of the femoral
region [32]. A study of Gavin and coworkers may explain this phe-
nomenon: they found decreased ERo and increased ERB protein
level in the gluteal region of overweight-to-obese premenopausal
women compared to the level of the abdominal adipose tissue
and also observed that the waist-to-hip ratio was inversely related
to gluteal ERB protein and directly related to gluteal ERa/ERB ratio
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[33]. These results indicate that the distinct ER pattern in the
abdominal and the gluteal subcutaneous tissue may lead to the dif-
ference observed in estrogen-mediated lipid metabolism. Based on
these findings, one could raise the following questions: is there an
alteration of ER pattern of lipedematous adipocytes? Alternatively,
if the receptor distribution is normal, is there a defect in the signal-
ing pathway of ERs? In addition to possible abnormalities in lipol-
ysis, is lipogenesis also impaired? A recent review summarized the
ER mediated lipid metabolism [34]. Studies of postmenopausal
women revealed that the expression of genes involved in lipogen-
esis in general, i.e. acetyl-coenzyme A carboxylate-o. and-p, sterol
regulatory elementing protein 1c, stearoyl-CoA desaturase, lipo-
protein lipase, fatty acid synthase, fatty acid desaturase and perox-
isome proliferator activated receptor-y in particular, was reduced
following estrogen treatment [35,36]. In postmenopausal state,
when the ovaries stop producing estrogen, it is synthesized extrag-
onadally, including the adipose tissue and acts as a paracrine or
intracrine factor [37]. It is important to highlight the special distri-
bution of accumulated fat in lipedematous patients, i.e. almost
exclusive involvement of the lower body part and further on,
why lipedematous tissue might limitedly respond to physical exer-
cise [2]. In a study of 17 premenopausal women, a standardized
submaximal physical exercise for fifteen minutes increased the
glycerol content (a marker for lipolytic activity of the subcutaneous
tissue) more in the abdominal than in the gluteal region. After local
estrogen perfusion, thirty minutes of submaximal exercise resulted
in a significantly lower increase in glycerol content in the gluteal
region compared to the control group without estrogen treatment
at the abdominal area, and also showed similar tendency, which
was not significant compared to the estrogen-treated abdominal
region. [33]. As women reach menopause and the blood estrogen
level starts declining, alterations in energy homeostasis leading
to increased intraabdominal body fat accumulation also occur
[38]. Therefore, dysfunction of this “switching mechanism” could
represent an important part of the pathomechanism of lipedema.
Regardless of “hormonal age”, estrogen may directly regulate both

arcuate nucleus,
POMC neurons:
altered ER pattern

—*

central effects

1

lipogenesis and lipolysis locally through modulating lipoprotein
lipase activity and Lipin 1 mRNA expression [34].

Estrogen also acts as a central mediator for food intake and
energy expenditure in the hypothalamus [34]. Particularly, ERa is
expressed mainly by the pro-opiomelanocortin neurons of the
arcuate nucleus [39], and these neurons are crucial in the regula-
tion of the decrease in food intake via the secretion of oMSH
[40,41]. When ERa gene was silenced or selectively deleted in spe-
cific neurons of the ventromedial hypothalamus, mice had reduced
sensitivity to estrogen-induced weight loss [39,42]. If an altered ER
pattern also exists centrally (not only in the adipose tissue), this
may provide a hypothetic explanation for difficulties in weight loss
in patients suffering from lipedema [2]. The experience is to be elu-
cidated why some patients can lose weight from almost every-
where except for the lipedematous area [43]. A summary of the
potential mechanism of action of estrogen is shown by Fig. 1.

Cause-and-causative relationships: the role of impaired
vascular and lymphatic circulation of the lower legs

Vasculopathy

Microangiopathy is one of the early histological features of the
lipedemic pathomechanism [4], which may be due to the primary
defect of the endothelial barrier function. Alternatively, hypoxia
may result in increased fragility similarly to diabetic retinopathy
[44]. Angiogenesis have several stimulators, including VEGF, Ang-
1 and Ang-2 among others. In breast cancer, it has been suggested
that VEGF generates leaky, hemorrhagic, immature vessels [45]. As
tissue expansion requires imbalanced vascularity, i.e. relatively
increased expression of angiogenetic factors compared to the
anti-angiogenetic molecules, interventions on this area may have
not only theoretical but also clinical significance. It has been shown
that angiogenesis inhibitors including angiostatin and endostatin
could prevent obesity in genetically modified mice [46]. Similarly,
local VEGF inhibition in the adipose tissue may represent a likely

appetite

weight control

4

eripheral effects

basal lipolysis | less in the abdominal
than in the femoral region
(also mediated by SNS)

postmenopause: dysfunction of
“switching” from gynoid to
android adiposity

altered. ..

+ expression of lipogenic enzymes
* lipoprotein lipase, lipin1 mRNA expression
* ERa,p pattern/signaling pathway in the lipedematous tissue

Fig. 1. Potential mechanism of action of estrogen in lipedema. Central effects: altered ER (estrogen receptor) pattern of the POMC (pro-opiomelanocortin) neurons in the
hypothalamic arcuate nucleus may lead to uncoupled regulation of appetite and weight control. Peripheral effects: estrogen leads to less decrease in basal lipolysis in the
abdominal than in the femoral region. Any lesions of the SNS (sympathetic nerve system), which is also involved in the regulation of lipolysis, may contribute to adipose
tissue accumulation. In addition, not only lipolytic, but lipogenic mechanisms can also be affected, including altered expression of lipogenic enzymes, lipoprotein lipase and
lipin mRNA. Alterations of the ERa,f pattern or their signaling pathway may also exist on the periphery. In postmenopause, absence of the physiological “switch” from gynoid

to android adiposity may explain the appearance of lipedema.
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therapeutic approach in lipedema. However, this may lead to com-
plications like increased level of inflammation due to hypoxia [47].
The same workgroup also mentioned antidiabetic drugs influenc-
ing angiogenesis: thiazolidindione derivatives, which increase vas-
culogenesis on a tissue specific manner [48] and metformin known
to have a beneficial effect through reducing angiogenesis [49].
These observations may pose important message regarding lipede-
matous patients also treated with diabetes. Oxidative stress in lip-
edema has been shown in a study of shock wave therapy, where
increased serum concentrations of malondialdehyde (marker for
lipid peroxidation) and plasma protein carbonyls (products of oxi-
dized proteins) were detected [17]. On the other hand, hypoxia due
to adipocyte hyperproliferation may cause adipocyte necrosis, pro-
duction of inflammatory cytokines and macrophage infiltration
[50]. Increased free fatty acid level [51,52] can lead to endothelial
dysfunction and altered transendothelial transport. In a poor oxy-
gen environment, HIF-1a-induced fibrosis [53]| may also develop,
compromising the compensatory lymphatic drainage. Leptin also
moderates angiogenesis under hypoxic conditions, it has direct
effect on endothelium and also enhances VEGF production
[54,55]. In addition to hypoxia, two further effects may also be
involved in the manifestation of microangiopathy: adipose hyper-
plasia and local hypertension in the capillaries, leading to hyper-
permeability. At the same time, aortic stiffness [44] and
increased peripheral vascular resistance with arteriolar remodeling
may also develop. Role of estrogen in abnormal capillary formation
cannot be excluded. In a study of 96 cases of patients with invasive
ductal breast carcinoma, under the influence of estrogen,
decreased anti-apoptotic activity was found in endothelial cells
in contrast to tumor cells where the opposite effect was observed
[45]. Regardless of the causes, increased microvascular permeabil-
ity to proteins enhances edema formation; however, it is unclear,
whether the lipedematous fluid is primarily derived from the blood
or from the lymphatic vessels.

On the level of large vessels, an autoregulatory mechanism,
veno-arterial reflex against edema formation [56] was shown to
be impaired in lipedema [4]. Adipocyte-derived relaxing factor

primary unknown defect?

adipocyte necrosis

macrophage infiltration «

lymphatic drainage <3¢-fibrosis «___ HIF-1a
inflammatory adipokines
(TNF-q, IL-6, MCP-1)

1 periadventitial
adipose tissue
+ADRF
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veno-arteriolar
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endothelial barrier dysfunction
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(ADRF) may be a putative mediator in the background. ADRF is
released from the periadventitial adipose tissue and activates volt-
age-dependent potassium channels that hyperpolarize the mem-
brane of smooth muscle cells [57]. If the periadventitial adipose
tissue also starts proliferating in lipedema, relative abundance of
ADRF may impede increase in the pre-capillary vascular resistance,
i.e. the veno-arterial reflex mechanism. In addition, an intrinsic
connective tissue defect has also been suspected, which may cause
musculofacial insufficiency [58] and loss of skin elasticity. These
could hinder the venous leg pump, therefore the pressure of the
veins at the dorsum of the foot cannot drop in parallel with the
change from standing to walking position. To raise the interstitial
pressure in a skin with loss of elasticity, more fluid is required
resulting in an impaired compensatory mechanism of the lymph
vessels against edema formation [4]. Gravitation induced elevation
of pressure itself may damage both blood and lymphatic capillaries
in the lower extremities being in vertical position for a long time
on daily basis, for several years, which may also have a role in
the formation of lipedematous body shape (“stove-pipe legs” and
uninvolved upper body part) [2]. Fig. 2 summarizes the potential
mechanisms leading to vasculopathy.

Lymphangiopathy

Lipedema is distinguished from lymphedema, where the pri-
mary cause is believed to be the impaired lymphatic system. Given
that these two entities may coexist [2] and the alterations of the
lymphatic vasculature in lipedema have not yet been studied more
in details, one should also consider the putative role of this phe-
nomenon. Amann-Vesti and colleagues tested twelve lipedema-
tous patients with fluorescence microlymphography and found
multiple microlymphatic aneurysms at the thigh, the ankle region
or the foot [59]. Based on the observation of Foldi et al., functional
and morphological abnormalities of the lymph capillaries are the
indicators of impaired lymph formation in lipedema [4]. Enlarged
lymphatic vessels with beaded appearance were found by MR lym-
phangiography, which may indicate a subclinical lipo-lymphe-

adipocyte hyperproliferation

|
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leptin

1 VEGF

1 serum FFA level

1 aortic stiffness
1 arteriolar remodeling

+ local hypertension
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Fig. 2. Possible mechanisms leading to vasculopathy, mainly endothelial barrier dysfunction in lipedema. Endothelial barrier dysfunction can result from (a) primary
unknown genetic defect(s) or adipocyte hyperproliferation with the subsequent downstream mechanisms. Adipocyte hyperproliferation may compress capillaries leading to
hypoxia and a consequent adipocyte necrosis, production of cytokines resulting in macrophage infiltration. Among these cytokines, HIF-1o (hypoxia inducible factor-1 alpha)
induces fibrosis with a subsequent impaired lymphatic drainage, and production of inflammatory adipokines (TNF-o.: tumor necrosis factor-alpha, IL-6: interleukin-6, MCP-1:
monocyte-chemotactic protein-1) causing endothelial barrier dysfunction, which can be aggravated by the leptin induced VEGF (vascular endothelial growth factor)
production and increased serum FFA (free fatty acid) level. The damaged barrier is hyperpermeable. Fluid extravasation may be enhanced by impaired veno-arteriolar reflex
caused by accumulation of periadventitial adipose tissue and production of ADRF (adipocyte-derived relaxing factor). In addition, increased aortic stiffness with concomitant
arteriolar remodeling leading to local hypertension may also have a role in edema formation.
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dema state [60]. Wollina and colleagues found podoplanin negativ-
ity in the ectatic subcutaneous vessels of two patients with lipo-
lymphedema [61]. The next studies indicate the effect of lymphatic
fluid on fat accumulation. According to Brorson et al., liposuction
can be an effective treatment for patients with fat accumulation
due to lymphedema [62]. Nougues and colleagues studying rabbit
adipocytes observed enhanced differentiation and lipid accumula-
tion caused by mesenteric lymph and chylomicrons in the culture
medium [63]. Further animal studies indicate that lymphangioge-
netic defects cause increased fat deposition [21,22]. It is extremely
challenging to determine, whether there is a secondary lymphatic
defect, i.e. a subtle, persistent and continually aggravating
mechanical obstruction of the lymphatic capillaries due to the
expansion of adipose tissue [64], or a primary genetic cause.
Schulte-Merker and co-workers reviewed numerous knock-out
genes involved in lymphatic morphogenesis in mice [65]. If we
assume an early damage in the lymphatic capillaries, an elastic
microfibril-associated protein, Emilin 1 must be highlighted, since
the lack of this protein leads to the reduction of anchoring fila-
ments, resulting in impaired lymph drainage and increased lymph
leakage [66]. Adipocytes during expansion also produce lymphan-
giogenic factors, like VEGF-C [67], causing lymphatic hyperplasia
[68]. As mentioned above, adipocytes start to grow robustly in
the presence of lymphatic fluid [69], consequently, increased
amount of fat may cause the compression of capillaries resulting
in hypoxia, followed by microangiopathy, edema formation and
finally, the manifestation of lymphedema. Further damage of the
lymphatic system leads to additional stimulation of adipocyte
growth, closing the vicious cycle (Fig. 3).

Neuropathy in lipedema

As a part of the diagnostic criteria (Table 1), the affected subcu-
taneous regions are often tender and painful, which may cause dif-
ficulties in the application of bandaging, however, this pain is
improved after mild manual lymphatic drainage [70] and liposuc-
tion [64].

In a single case report, reduced amplitude of sensory nerve
action potential shown by nerve conduction study was attributed
to: (1) mechanical forces (presence of serious edema and increased
amount of subcutaneous adipose tissue) and (2) biochemical
effects, i.e. the inflammation of sensory nerves derived from sym-
pathetic nerve fibers distributing among adipocytes. In case if
microangiopathy also exists, disturbance of protopathic sensibility
may be aggravated due to the inappropriate blood supply of the
peripheral nerves [70]. Taking into consideration that accumula-
tion of subcutaneous adipose tissue is also involved in the patho-
genesis of lipohypertrophy, which lacks both edema and pain
[64], mechanical stimulus by itself fails to explain the neurological
background.

The following observations discuss the abnormal innervation
theory leading to increased adipose tissue mass. Mueller examined
a paraplegic patient with great adipose tissue mass in the lower
half of the torso. This finding motivated him to compare the artifi-
cially paralyzed and intact legs of guinea pigs, which revealed
greater amounts of white adipose tissue (WAT) on the paralyzed
compared to the uninvolved legs [71]. In addition, not only second-
ary, but also primary neurons can be affected based on animal
models [72,73].
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Fig. 3. Hypothesis of genetic background and lymphangiopathy in lipedema. Genetic mutation has not been identified in lipedema, however, investigation of VEGFR-3
(vascular endothelial growth factor-3) causing hypoplastic lymphatic vessels, PROX-1 (prospero-related homeobox-1) and Emilin-1 leading to the formation of leaky
lymphatics could serve as potential targets based on previous animal studies [21-23,66]. Lymphatic fluid accumulation enhances adipocyte growth, which causes hypoxia by
the compression of capillaries. Hypoxia induces microangiopathy and the following fluid extravasation leads to the development of edema. Increased amount of interstitial
fluid leads to the compression of lymph vessels triggering the appearance of lymphedema, which further aggravates adipocyte growth.
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A study of Youngstrom et al. showed that the sympathetic
denervation of rat inguinal WAT resulted in increased fat pad mass
and fat cell number. Moreover, it happened during the artificial
“short day exposure” modeling winter-like period with naturally
decreased food intake, which may resemble the diet period of
lipedematous patients. They also described a region specific WAT
depletion characterized by earlier decline of the epididymal WAT
mass than the inguinal WAT. Behind this observation, a region spe-
cific SNS regulation was suspected [74]. By the comparison of the
relative proportion of neurons projecting to abdominal, inguinal
subcutaneous and both fat deposits, the least abundance of neu-
rons going exclusively to inguinal WAT were found in male rats,
but this difference was not present in a number of brain nuclei
in females [75]. Interestingly, they have also studied whether these
neurons contain sex steroid receptors. Among the identified nuclei
projecting to inguinal WAT and expressing ERa, the arcuate
nucleus and the nucleus of the solitary tract have paramount roles
in the integration of nutrient availability and activation of feeding
and energy expenditure pathways [76-78]. The colocalization of
ERa and neurons projecting to inguinal WAT was most prominent
in the medial preoptic nucleus involved in the regulation of lipid
mobilization and energy expenditure, regardless of food intake
[79,80]. An additional finding was the special neuronal pattern:
“private lines” to individual fat pads and coordinating collateral
neurons, the so-called “command neurons”. In this network, differ-
ences in the expression of certain neurotransmitters and receptors
were found. The most relevant receptor was the ERa [75]. It is con-
sistent with the observation of Lazzarini and his colleague and
Clegg et al., who reported that sympathetic innervations of certain
adipose tissue regions are involved in body weight reduction and
fat distribution mediated by estrogen, mainly via ERa [81,82].

Leptin and insulin receptors were also found on neurons projecting
to WAT [75] and colocalization of ERa and leptin receptors had
been previously shown [83]. Clegg et al. elucidated the functional
role of the three receptors: leptin and insulin sensitivity are mod-
ulated by estrogen, presumably by an ERa-driven mechanism in
the hypothalamus [82]. The last mediator can be a catabolic pep-
tide, cocaine- and amphetamine-regulated transcript (CART) [75].
When it comes to lipedema, molecular disturbance can occur at
any points of this catabolic neuronal pathway accessing the subcu-
taneous adipose tissue of the lower body part. Fig. 4 summarizes
the pathophysiological mechanisms associated with neuropathy
in lipedema.

Further ideas

Lipid composition is another barely investigated feature in lip-
edema. Stallworth et al. revealed altered fatty acid pattern and sig-
nificant amounts of lipids in plasma and adipose tissue studying
fourteen patients [84], but no further information has been found
about this issue in the literature until now.

Regarding several features, lipedema may also have an etiolog-
ical connection with another relatively rare disease, lipedematous
alopecia. Only 24 cases were reported until 2007, including exclu-
sively females, which could suggest the role of the hormonal sys-
tem. [85]. Fair et al. found edematous and disintegrated
subcutaneous adipose tissue in a patient with lipedematous alope-
cia resembling the histological pattern of lipedema. Hair abnormal-
ity is another feature of lipedematous alopecia as well as of chronic
lymphedema of the extremities, however, it has not been reported
in lipedema [86].
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hypothalamus, potential damage of three nuclei is in focus: the medial preoptic nucleus, the arcuate nucleus and the paraventricular nucleus. The medial preoptic nucleus is
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colocalized here. Co-found of o-MSH (a-melanocyte-stimulating hormone), ERa and projections to WAT was described in the arcuate nucleus [75,79], which organizes the
feeding and energy expenditure pathways. Region-specific projections to WAT start from all of these three nuclei. These projections form a catabolic pathway with a possible
mediator, CART (cocaine- and amphetamine-regulated transcript). Lesion of this catabolic pathway may lead to region-specific subcutaneous adipose tissue accumulation.
However, peripheral neuropathy cannot be explained exclusively by mechanical forces (compression). Microangiopathy and inflammation of sympathetic sensory nerves

may also contribute to this phenomenon.
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Conclusion

As a summarized concept of the pathomechanism of lipedema
has not existed until now even on hypothetic level, we attempted
to find causal relationships relying on currently available literature
data. If any experimental evidence supports this theory, it will lead
to the better understanding of the development of lipedema and be
able to provide effective, long-lasting therapy for patients.
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