
Journal of

Clinical Medicine

Review

Rare Forms of Lipomatosis: Dercum’s Disease and Roch-Leri
Mesosomatous Lipomatosis

Madleen Lemaitre 1,2,* , Sebastien Aubert 3, Benjamin Chevalier 1, Arnaud Jannin 1, Julien Bourry 1,
Gaetan Prévost 4, Herve Lefebvre 4 and Marie-Christine Vantyghem 1,2,5,*

����������
�������

Citation: Lemaitre, M.; Aubert, S.;

Chevalier, B.; Jannin, A.; Bourry, J.;

Prévost, G.; Lefebvre, H.; Vantyghem,

M.-C. Rare Forms of Lipomatosis:

Dercum’s Disease and Roch-Leri

Mesosomatous Lipomatosis. J. Clin.

Med. 2021, 10, 1292. https://doi.org/

10.3390/jcm10061292

Academic Editor: Paul Huang

Received: 31 January 2021

Accepted: 15 March 2021

Published: 21 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Endocrinology, Diabetology and Metabolism, CHU Lille, 59000 Lille, France;
benjamin.chevalier@chru-lille.fr (B.C.); arnaud.jannin@chru-lille.fr (A.J.); julien.bourry@chru-lille.fr (J.B.)

2 U1190, EGID European Genomic Institute for Diabetes, University Lille, 59000 Lille, France
3 Department of Biopathology, CHU Lille, 59000 Lille, France; Sebastien.AUBERT@CHRU-LILLE.FR
4 Department of Endocrinology, Diabetes and Metabolic Diseases, Rouen University Hospital,

76000 Rouen, France; gaetan.prevost@chu-rouen.fr (G.P.); herve.lefebvre@chu-rouen.fr (H.L.)
5 Inserm, U1190, 59000 Lille, France
* Correspondence: madleen.lemaitre@chru-lille.fr (M.L.); mc-vantyghem@chru-lille.fr (M.-C.V.);

Tel.: +33-32-044-5962 (ext. 32227) (M.L.)

Abstract: In contrast to obesity, which is very frequent, lipomatosis and lipodystrophy syndromes
are rare diseases of adipose tissue. Lipodystrophy syndromes are characterized by metabolic abnor-
malities associated with partial or generalized lipoatrophy. Lipomatosis is defined by the presence of
several body lipomas without lipoatrophy. Dercum’s disease (DD) and Roch-Leri mesosomatous
lipomatosis (RLML) are rare and poorly characterized forms of lipomatosis. They have raised little
clinical interest despite the non-negligible consequences of DD on quality of life. The main clinical
presentation of these diseases includes multiple lipomas, which are painful in DD (in contrast to
RLML). The two diseases are frequently associated with obesity and metabolic syndrome, with hy-
pertension, diabetes, or dyslipidemia. The long-term course of the diseases remains poorly described.
DD affects mainly women, whereas RLML mostly affects men. In both diseases lipomas are found
on the back and thighs, as well as on the abdomen in DD and the forearms in RLML. The painful
lipomas tend to recur after surgery in DD (in contrast to RLML). Most cases are sporadic. No specific
treatment has been identified, as the pathophysiology remains unknown. Nevertheless, low-grade
fat inflammation and specific abnormalities such as hyperbasophilia deserve further investigation.
The aim of this review is to analyze the available literature on the topic.

Keywords: lipodystrophy; Dercum’s disease; Roch-Leri mesosomatous lipomatosis; lipomatosis;
adipose tissue

1. Introduction

In recent decades there has been renewed interest in adipose tissue, and various
diseases relating to its development have been reported. In contrast to common obesity,
lipomatosis and lipodystrophy syndromes are rare [1]. Lipodystrophy syndromes are
characterized by metabolic abnormalities such as insulin resistance, hypertriglyceridemia,
and fatty liver due to the limited ability of the subcutaneous adipose tissue to store triglyc-
erides. They are associated with partial or generalized lipoatrophy, a hallmark of these
syndromes [2]. Lipomatosis is defined by the presence of several lipomas in the body.
Lipomas may cause discomfort and are unaesthetic in appearance. The absence of the lipoa-
trophic component is one of the main differences between lipomatosis and lipodystrophy
syndrome. Nevertheless, lipomatosis is sometimes included in lipodystrophy syndrome
classifications. Lipomatosis can be an isolated manifestation or may also be part of a
syndrome. Different entities have been described (Table 1) [3].
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Table 1. Lipomatosis: Lipomatosis can be isolated or be part of a syndrome.

Isolated Lipomatosis Syndromic Lipomatosis

Familial multiple lipomatosis Proteus syndrome

Multiple symmetric lipomatosis Cowden syndrome

Hibernomas MERRF syndrome

Epidural lipomatosis CLOVES syndrome

Familial angiolipomatosis HHML syndrome

Dercum’s disease
SOLAMEN syndrome

Roch-Leri mesosomatous lipomatosis

MERRF syndrome: myoclonic epilepsy with red ragged fibers; CLOVES syndrome: congenital, lipomatous,
overgrowth, vascular malformation, epidermal nevi, scoliosis, skeletal, spinal anomalies; HHML syndrome:
hemihyperplasia–multiple lipomatosis; SOLAMEN syndrome: segmental overgrowth, lipomatosis, arteriovenous
malformation, and epidermal nevus.

Adipose tissue is an endocrine organ that includes different components, especially
white and brown adipose tissue (both of which are active metabolically). White adipose
tissue (WAT) stores excess energy in the form of triacylglycerols, and brown adipose tissue
(BAT) dissipates energy in the form of heat. WAT has the capacity to secrete numerous
adipokines (leptin, adiponectin, Tumor Necrosis Factor-alpha (TNF-alpha), etc.), which al-
lows the control of energy metabolism but also the regulation of the immuno-inflammatory
response. Subcutaneous adipose tissue (SAT) contains many immune cells such as mono-
cytes/macrophages, mast cells, and lymphocytes, which participate in hormonal regulation.
The distribution of fat between the visceral, subcutaneous, and medullary bone compo-
nents, and between the upper and lower parts of the body, regulates the insulin resistance
level, as do environmental factors. Obesity is then associated with chronic low-grade
inflammation, which regulates innate and acquired immunity within the SAT itself [4,5].

Lipomatosis is frequently associated with obesity [6]. The rarity of most types of
lipomatosis probably explains their poor description in the literature. They are generally
considered to be benign, but some have a non-negligible impact on the quality of life. Few
longitudinal studies have been published in this regard. The objective of this review is
to present the available data on two of these forms of lipomatosis: Dercum’s disease and
Roch-Leri lipomatosis.

2. Dercum’s Disease

Dercum’s disease is an orphan disease that is listed by Orphanet (ORPHA:36397)
and the National Organization for Rare Disorders (NORD) [7]. It is characterized by the
progressive and insidious appearance of multiple lipomas, which result in chronic pain
(>3 months) and have deleterious consequences on quality of life [8]. Epidemiologically, the
disease preferentially affects female adults (sex ratio: 5–10 females to one male), generally
after menopause, although all ages can be affected. The prevalence of the disease has not
yet been defined except in a Swedish population, where it was found to be 1/12,000 [9].
Dercum’s disease has many synonyms: adiposis dolorosa or juxta-articular adiposis do-
lorosa, fatty tissue rheumatism, painful lipomatosis of morbus Dercum, adiposalgia, or
Ander syndrome.

2.1. History

Dercum’s disease was first described in 1888 by François-Xavier Dercum (1856–1931),
then a distinguished American neurologist at the University of Pennsylvania. It was initially
named “adiposis dolorosa”, a name which is no longer used [10]. The two symptoms that
enabled Dr. Dercum to define the disease were the combination of adipose tissue pain and
weight gain [11].
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2.2. Pathophysiology

The pathophysiology of Dercum’s disease is not yet understood. The painful compo-
nent cannot be explained by abnormalities in the fat tissue growth. Multiple hypotheses
have been proposed, including compression of the neighboring nerves by lipomas. Other
hypotheses include an autoimmune origin, an endocrine abnormality such as thyroid
dysfunction (as proposed by Dr. Dercum), pituitary dysfunction [12], or steroid ther-
apy [13]. Further suggestions, although without evidence, include inflammatory causes
(such as rheumatoid arthritis) [14] or infections [15], alcohol, traumatism [16], microvascu-
lar thrombi, lack of synthesis of long-chain fatty acids [17], impaired response to insulin
or norepinephrine [18], sudden weight change as suspected in a case of metabolic bypass
surgery [19], and, finally, autonomous nervous system dysfunction. More recent studies
have raised the possibility of an abnormal lymphatic system, since patients with Der-
cum’s disease show hypertrophied, tender, fibrotic, and tubular lymphatic tissue within
the adipose tissue, which is fluorescent in near-infrared fluorescence lymphatic imaging
(NIRFLI) [20]. An abnormal communication between adipose and lymphatic tissues would
therefore be at the origin of DD, as suggested by Dr. Dercum himself after the autopsy of a
DD case [21].

The disease is usually sporadic. However, some cases could be autosomal dominant
with incomplete penetrance [22–24].

2.3. Symptomatology

The main clinical symptoms include painful lipomas in overweight or obese people.
Obesity sometimes occurs in the absence of poor lifestyle choices, and optimization of
lifestyle does not always lead to successful weight loss [25]. Even if it is successful, it
does not result in reduced pain (personal communication). This pain is usually chronic,
debilitating, and resistant to conventional analgesics; there is increased exquisite tenderness
with deep palpation of the lipomas. Mild irritation can trigger the pain (e.g., temperature
changes, rubbing of clothes) [26]. It is located mainly on the trunk, the proximal extremities
of the limbs, the buttocks, and the pelvis (Figure 1). Lipomas are very rarely found on
the head or neck (a differential diagnosis can be made with Launois-Bensaude syndrome,
in which lipomas are not painful). Multiple classifications have been proposed over time
by Guidice Andrea ((1900)—Type I: nodular type; Type II: diffuse type; Type III: mixed
type), Roux and Vitaut (1901), Stern (1910), Labbé and Boulin (1927), Gram (1930), Herbst
(2007), and Hansson (2012). The current classification of Dercum’s disease according to the
Orphanet Journal of Rare Diseases (OJRD) refers to four subtypes:

Type I: Generalized diffuse form defining a diffuse pain component without clear lipo-
mas.

Type II: Nodular form corresponding to generalized pain but of greater intensity in and
around lipomas.

Type III: Localized nodular form characterized by pain in and around several lipomas.
Type IV : Juxta-articular form corresponding to solitary deposits of excess fat (example:

medial aspect of the knee) [27].

Accompanying signs such as vascular fragility (ecchymotic tendency) and neuropsy-
chic disorders (anxiety, sleep disorders, memory impairment, and depression (as seen
in 55% of a series of 111 women with Dercum’s disease [28])) are frequent. Less specific
disorders such as digestive symptoms (constipation, bloating, and chronic abdominal pain),
tachycardia, shortness of breath, asthenia, generalized muscle weakness, arthralgia [29],
and repeated infections (vaginitis) have been reported. An exceptional case of septic shock
secondary to steatonecrosis of a lipoma [30] and lipomatous hypertrophy of the intera-
trial septum [31] has been described. Mastalgia may exceptionally be a hallmark of the
disease [32], as well as headache related to lipomas of the scalp [33].
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Figure 1. Dercum’s lipomatosis: Multicicatricial abdomen linked to multiple excisions and multi-
ple encapsulated lipomas, associated with pain in a woman with Dercum’s disease progressing in 
a context of obesity. 

2.4. Biological Parameters 
There is no specific biomarker for Dercum’s disease. Metabolic syndrome is often 

present and different immunoinflammatory markers have been studied.  
On the metabolic level, the presence of larger-than-normal particles of High Density 

Lipoprotein (HDL)-c3 (which are less cardioprotective than HDL-2), as well as an increase 
in Lp-PLA2 (phospholipase A2 associated with lipoproteins) were found in one pediatric 
case and were associated with hyperinsulinism [34]. Other case reports have described 
hypercholesterolemia in adults with Dercum’s disease [35,36]. However, high cholesterol 
can also be secondary to being overweight, and the specific association with Dercum’s 
disease itself remains to be proven. In another study, the lipoprotein lipase activity of 
seven DD patients was lower than the usual reference, with this result tending towards 
significance [37]. 

A study of 94 DD patients showed the presence of diabetes in 16% and hypertension 
in 21% of cases. These frequencies were not statistically different when compared with a 
group of 160 patients with lipedema. Hypothyroidism was the most common past medi-
cal condition and was present in 26% of DD patients and 27% of the lipedema group [38]. 

Modulation of the neuropeptides involved in the pain signal was demonstrated in 
the serum and cerebrospinal fluid (CSF) of 53 DD patients with respect to substance P, 
neuropeptide Y, and ß-endorphin. In the CSF, substance P and neuropeptide Y levels were 
lower, and the ß-endorphin level was higher than in the obese control group [28]. Of note 
is that these three substances are involved in food intake and are associated with obesity 
[39,40]. Furthermore, endocannabinoid receptors of subcutaneous fat are thought to be 
dysregulated in obesity, thereby inducing inflammation [41]. They were not specifically 
studied in DD despite the fact that they could perhaps play a role in the pain component 
of the disease. 

With regard to inflammation, different immunoinflammatory parameters have been 
studied. An increase in the blood sedimentation rate and the serum level of complement 
total (CH50), which plays a role in macrophage-adipose tissue communication, has been 
demonstrated. Certain blood cytokines, such as macrophage inflammatory protein (MIP)-

Figure 1. Dercum’s lipomatosis: Multicicatricial abdomen linked to multiple excisions and multiple
encapsulated lipomas, associated with pain in a woman with Dercum’s disease progressing in a
context of obesity.

2.4. Biological Parameters

There is no specific biomarker for Dercum’s disease. Metabolic syndrome is often
present and different immunoinflammatory markers have been studied.

On the metabolic level, the presence of larger-than-normal particles of High Density
Lipoprotein (HDL)-c3 (which are less cardioprotective than HDL-2), as well as an increase
in Lp-PLA2 (phospholipase A2 associated with lipoproteins) were found in one pediatric
case and were associated with hyperinsulinism [34]. Other case reports have described
hypercholesterolemia in adults with Dercum’s disease [35,36]. However, high cholesterol
can also be secondary to being overweight, and the specific association with Dercum’s
disease itself remains to be proven. In another study, the lipoprotein lipase activity of
seven DD patients was lower than the usual reference, with this result tending towards
significance [37].

A study of 94 DD patients showed the presence of diabetes in 16% and hypertension
in 21% of cases. These frequencies were not statistically different when compared with a
group of 160 patients with lipedema. Hypothyroidism was the most common past medical
condition and was present in 26% of DD patients and 27% of the lipedema group [38].

Modulation of the neuropeptides involved in the pain signal was demonstrated in
the serum and cerebrospinal fluid (CSF) of 53 DD patients with respect to substance P,
neuropeptide Y, and ß-endorphin. In the CSF, substance P and neuropeptide Y levels
were lower, and the ß-endorphin level was higher than in the obese control group [28].
Of note is that these three substances are involved in food intake and are associated with
obesity [39,40]. Furthermore, endocannabinoid receptors of subcutaneous fat are thought to
be dysregulated in obesity, thereby inducing inflammation [41]. They were not specifically
studied in DD despite the fact that they could perhaps play a role in the pain component of
the disease.

With regard to inflammation, different immunoinflammatory parameters have been
studied. An increase in the blood sedimentation rate and the serum level of complement
total (CH50), which plays a role in macrophage-adipose tissue communication, has been
demonstrated. Certain blood cytokines, such as macrophage inflammatory protein (MIP)-
1b and fractalkine were found to be lower in 10 DD patients as compared to 5 healthy control
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subjects, in association with significantly higher levels of interleukin (IL)-13 in DD subjects.
Higher IL-13 levels could downregulate fractalkine and MIP-1b through suppression
of lipopolysaccharides (LPS)-induced production of proinflammatory cytokines. There
were no significant differences for other cytokines or adipokines (leptin, adiponectin,
plasminogen activator inhibitor-1, IL-1b, IL-6, IL-8, IL-10, MIP-1a, MCP-1, or TNF-a) [42].

2.5. Diagnosis

Dercum’s disease is a clinical diagnosis that is usually made by specialists in the study
of adipose tissue as well as internists, dermatologists, or plastic surgeons. In 2012, after
Dercum, Hansson formulated two main diagnostic criteria: obesity and chronic pain in
hyperplasic/hypertrophic adipose tissue [8]. Misdiagnosis is common in most cases before
the final diagnosis is made. Different differential diagnoses need to be ruled out:

Lipoedema, which is suggested by an adipose tissue abnormality with a cuffing or
“bracelet” effect to the wrists and ankles. Painful lipomas are not present. The hips and
thighs may show a saddle bag appearance with large skin folds. Higher tissue water levels
in lipedema than in Dercum’s disease could help to distinguish these two diseases [43].
Recently, lipedema has been presented as a potential estrogen-dependent adipose tissue
disorder that could be triggered by caveolin-1 (CAV1) dysfunction [44].

Fibromyalgia is characterized by muscle pain concomitant with recurrent episodes of
intense fatigue. The diagnosis is confirmed only in the presence of [45]:

- Painful symptoms for at least three months,
- A Widespread Pain Index (WPI) of 7 and a Symptom Severity (SS) scale score of 5, or

WPI between 3 and 6 and SS scale score of 9,
- The elimination of any other cause of chronic osteoarticular pain.

Panniculitis is the inflammation of the subcutaneous adipose tissue, which is charac-
terized by tender skin nodules and systemic signs. The diagnosis is made after skin biopsy
to determine the septal or lobular features and the presence and type of subcutaneous
inflammatory infiltrates (neutrophils, lymphocytes, histiocytes, granulomas) [46].

Madelung disease, also known as Launois-Bensaude syndrome, is a form of multiple
symmetric lipomatosis that is mainly localized in the upper body (shoulders, neck, head)
and occurs preferentially in men with chronic excessive alcohol consumption. Multiple
deletions of mitochondrial DNA, MERRF, LIPE, and MNF2 mutations have been identi-
fied in non-alcoholic cases [47]. The mutation described in Launois-Bensaude syndrome
(mitochondrial DNA) has never been reported in cases of Dercum’s disease [20].

Familial multiple lipomatosis corresponds to the occurrence of painless lipomas
mainly in the arms and legs from adolescence [48]. Autosomal dominant inheritance has
been reported but the penetrance is variable within the same family. Abnormalities of the
12q13-15 region, which contains the HMGA2 gene and PALB2 gene mutation, have been
reported [49].

Type I neurofibromatosis. Neurofibromas related to mutations in the NF1 gene may
be a differential diagnosis for lipomas. They are generally painless, except in case of
degeneration [50].

MERRF (myoclonic epilepsy with red ragged fibers) is an extremely rare mitochon-
drial disease characterized by myoclonic episodes, cerebellar ataxia, and myopathy. Multi-
ple lipomatosis is associated in rare cases [51].

Circumscribed mesosomatous lipomatosis, also called Roch-Leri lipomatosis, is a
form of non-painful benign lipomatosis (see below).

Proteus syndrome is a rare disorder characterized by disproportionate, asymmetric
overgrowth of skin, bones, blood vessels, and fatty and connective tissue, related to a
mosaic activating mutation in the AKT1 oncogene [52].

CLOVES syndrome is a congenital pathology associating asymmetric lipomatous
overgrowth, vascular malformation, epidermal nevi, scoliosis, and skeletal and spinal
anomalies [53].
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HHML syndrome (hemihyperplasia–multiple lipomatosis syndrome) is a rare, genetic
overgrowth syndrome (progressive, asymmetrical, moderate hemihyperplasia) associated
with multiple, slow-growing, painless, subcutaneous lipomas distributed throughout entire
body [54].

PTEN hamartoma tumor syndrome (PHTS) is a spectrum of disorders caused by
mutations of the PTEN tumor suppressor gene characterized by multiple hamartomas, like
SOLAMEN syndrome which includes segmental overgrowth, lipomatosis, arteriovenous
malformation, and epidermal nevus [55].

Gardner syndrome, related to APC gene mutations, is a form of familial adenomatous
polyposis characterized by multiple digestive adenomas (colon and rectum) associated
with osteomas and multiple skin and soft tissue tumors, including lipomas [56].

Psychiatric disorders, when the pain complaint is not associated with objective
disease.

Endocrinopathies, especially Cushing syndrome, are often associated with facial-
troncular fat accumulation and hypothyroidism.

Multiple endocrine neoplasia type 1, related to a MEN1 gene mutation, is often
associated with lipomas and sometimes hibernomas (lipoma of brown adipose tissue),
epidural lipomatosis, and familial angiolipomatosis, for which the prevalence is unknown.

Atypical lipomatous tumors have been defined as well-differentiated liposarcomas
exhibiting a higher frequency of local recurrence after surgical resection. They are generally
>4 cm in size and exhibit hardness, poor tumor mobility, and a septal structure on MRI [57].

2.6. Paraclinical Investigations

Morphologically, ultrasound evaluation showing the presence of multiple oblong
lipomas in the subcutaneous adipose tissue with a larger axis measuring less than 2 cm
and a hyperechoic nature may help to confirm the diagnosis of lipoma if there is doubt
concerning a malignancy. In fact, distinguishing a lipoma from a well-differentiated liposar-
coma is complex on ultrasound; the behavior of the tumor to compression by a transducer
may be a differential criterion. For the most aggressive forms, an uneven delineation, a
heterogeneous appearance, infiltration in the adjacent tissues, and pathological blood flow
may support the diagnosis of a liposarcoma. Myxoid liposarcoma is distinguished by a
cystic structure [58].

On computerized tomography (CT) scan, lipomas are predominantly stalked or sessile
within edematous subcutaneous fatty tissue [59]. MRI does not show edema or inflamma-
tion but an increased signal (“blush-like” effect) in Dercum’s disease [60].

2.7. Histological Analysis

Histological analysis of lipomas can confirm the lipomatous and benign nature of the
tissue if there is any doubt concerning malignancy. Nevertheless, histologic examination
does not always reliably distinguish benign lipomas from atypical lipomatous tumors/well-
differentiated liposarcomas, nor dedifferentiated liposarcomas from other pleomorphic
sarcomas, which are entities with different prognoses and management. Molecular con-
firmation of pathognomonic 12q13-15 amplifications leading to MDM2 overexpression in
sarcomas is a diagnostic gold standard in the case of doubt [61].

There are a few histological data regarding Dercum’s disease (Table 2) [37,42,62–64].
These histological results suggest that adipose tissue in Dercum’s disease might be less
metabolically active due to the preponderance of connective tissue and fibrosis. The pres-
ence of multi-nucleated giant cells produced by activated, pro-inflammatory macrophages
was identified in DD adipose tissue, which suggests their role in adipose tissue accumu-
lation and in resistance to weight loss [42]. An inflammatory response was also shown
in the adipose tissue from another DD series. However, this response was not more pro-
nounced than that observed in healthy obese controls, thereby suggesting an inflammatory
component linked to obesity and not directly to Dercum’s disease [64].
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Table 2. Histological data from the literature concerning Dercum’s disease (DD) and Roch-Leri mesosomatous lipomato-
sis [37,42,62–64]. IL: interleukin.

Study Year Number of
DD Patients Methods Number and Type

of Control Subjects Results

Adiposis dolorosa: Report of a
case with increased sugar
tolerance and epileptiform

convulsions.
Price GE. and Bird JT [62]

1905 2 Necropsy -

Fibrous component
Some granulomas,

angiomas, or vascular
thromboses

Adiposis dolorosa
(Dercum’s disease).

Steiger WA [63]
1952 1 Fat biopsy Increased proportion of

connective tissue

Fat-cell heat production,
adipose tissue fatty acids,

lipoprotein lipase activity and
plasma lipoproteins in

adiposis dolorosa.
Fagher B [37]

1991 13
Buttock biopsy

in a painful area

Weight-matched
subjects (n = 27) Larger fat cells

Severely obese group
(n = 14)

Similar fat cell size
Higher cellular heat

production suggesting
possible sympathetic

damage

Lipomatosis-associated
inflammation and excess

collagen may contribute to
lower relative resting energy
expenditure in women with

adiposis dolorosa.
Herbst KL [42]

2009 5 Fat biopsy in painful
areas

Healthy control
group (n = 5)

Higher level of IL6
No difference for

expressions levels of
TNF-alpha, IL-13,

IL-8, IL-1B
Multi-nucleated giant cells

(3/5 DD vs. 0/5 in the
control group).

Same macrophage count

Histology of adipose tissue
inflammation in Dercum’s

disease, obesity and normal
weight controls: A case

control study.
Hansson E [64]

2011 53
Fat biopsy in painful
areas (abdomen or

knee)

Obese control group
(n = 41)

Same inflammatory
response as the obese

control group

Non-obese control
group (n = 11)

Higher inflammatory
response than in the

non-obese control group

2.8. Prognosis

Few studies have been done with regard to the natural course of the disease; however,
the tendency seems to be towards worsening symptoms over time [65].

2.9. Therapeutic Management

While there is no formal diagnostic marker for Dercum’s disease, there is likewise no
cure. The symptomatic treatment of pain and associated comorbidities must be adapted to
each patient. The different treatments proposed in the literature are mainly reported as
case reports or short surgical series without control groups [66].

2.9.1. Analgesic Treatment

Lidocaine is administered in the form of transdermal [67] or intravenous injections
as an adjunct treatment that cannot be used over the long term given the risk of adverse
effects. Mexiletine is an oral lidocaine analogue with a longer metabolism which also
appears to have good efficiency but requires prior cardiologic assessment [68]. Ketamine
infusions may be an alternative [66].

Level I analgesics seem to have little or no effect. However, recent data indicate good
efficacy of nonsteroidal anti-inflammatory drugs (NSAIDs) (level II) or opiates (level III);
both classes of drugs have specific side effects, particularly renal toxicity for NSAIDs and
dependency for opiates. Calcium chain modulators such as pregabalin or oxcarbazepine,
also used as antidepressants, may provide efficient pain management [69,70]. Antidepres-
sants acting via inhibition of serotonin reuptake have not be specifically studied in DD but
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could be of particular interest taking into account the high serotonin levels associated with
obesity (see Section 4).

2.9.2. Psychological Support

Psychotherapy sessions and stress management aim at limiting exposure to any source
of psychological or physical stress that could lead to an upsurge in pain symptoms.

2.9.3. Surgery

Surgery may be of use in the subgroup of patients for which pharmacotherapy does
not provide a benefit or who have limitations in their mobility.

Liposuction is only conceivable for extremely severe chronic pain that impacts the
activities of daily living or for diffuse pain throughout the adipose tissue (type I and type II).
The results appear to show a reduction in pain [71]. The improvement in quality of life is,
however, only moderate and transient, and remains inferior to that of control subjects [72].

The excision of lipomas is a technique that has mainly been proposed in type III and
type IV adiposis dolorosa but is now rarely performed due to the risk of lipoma recurrence
after surgery. Nevertheless, it allows for mobility to be regained and a temporary reduction
in pain in type IV forms without major postoperative complications, except for multiple
scars [27]. Recently, a minimal incision technique was proposed for type III forms [73].

2.9.4. Treatment of the Metabolic Syndrome

Lifestyle measures including exercise do not influence the disease directly but result
in better overall well-being, the benefits of which cannot be neglected in the context of this
chronic disease. However, some case reports mention no improvement or a worsening of
symptomology with weight loss [19,25].

Metformin was found to improve pain symptoms in one patient with Dercum’s disease
who had been newly diagnosed with type 2 diabetes [74].

2.9.5. Other Therapies Reported in the Literature (Only in Case Reports)

Pharmacological therapies: Methotrexate and infliximab [75], interferon alpha 2-
b [76], and corticosteroids have been proposed. Immunosuppressants such as azathioprine,
cyclosporine, hydroxychloroquine, etc., have been reported as effective in refractory forms,
but there is only one report in literature [77].

Conservative non-surgical therapies such as rapid cycling hypobaric pressure [78],
electrocutaneous stimulation using FREMS (frequency rhythmic electrical modulation
system) and MC5-A Calmare [79], or manual deep massage in lipomatous areas reduce
masses, nodules, and the amount of tissue fluid [80].

Coolsculpting, a non-invasive procedure that uses cryolipolysis to induce lipolysis
without damaging the surrounding tissue, could successfully treat painful abdominal
lipomas (one case report) [81].

The subcutaneous perineural injection of a dextrose solution (prolotherapy) could
reduce neuropathic inflammation but is not recognized in every country [66].

Acupuncture has also been proposed.
To conclude in this first part, Dercum’s disease, a painful form of lipomatosis often

associated with obesity, was first described more than 130 years ago. Despite its conse-
quences with regard to quality of life, it remains an orphan disease in terms of clinical
and biological markers, pathophysiology, and treatment. Nevertheless, advances in the
pathophysiology of adipose tissue and in the genetic causes of lipodystrophy syndromes
have raised new interest in this rare form of lipomatosis.

3. Roch-Leri Lipomatosis or Lesosomatous Lipomatosis

Roch-Leri or mesosomatous lipomatosis (RLML) is an orphan disease listed by Or-
phanet (ORPHA:529) [82] and by the National Organization for Rare Disorders (NORD).
This disorder corresponds to rare and benign fatty tissue overgrowth characterized by the
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presence of numerous small lipomas located on the middle third of the body. The denomi-
nation comes from the Greek “mesos” (middle) and “soma” (body). In contrast to Dercum’s
disease, this form of lipomatosis is painless. Epidemiologically, the disease preferentially
affects male adults in the third decade of life, although all ages can be affected [83]. The
prevalence of the disease has not yet been defined. Throughout the literature, synonyms in-
clude mesosomatic, discrete, or Roch lipomatosis and multiple circumscribed mesosomatic
lipomatosis.

3.1. History

There are currently fewer than 15 articles in the literature referring to this rare form of
lipomatosis. In addition, there is confusion in many articles between benign multiple lipo-
matosis (Madelung disease), familial multiple lipomatosis, and RLML. The first description
of the disease was provided by Brodie in 1846. However, its discovery is attributed to Dr.
Roch, a Swiss internist (1878–1967), and to Dr. Léri, a French physician (1875–1930) who
described a distinct nosological entity under the name “discrete lipomatosis” [84].

3.2. Pathophysiology

The pathophysiology remains unknown. The disease appears to be mostly sporadic.
However, some cases could be autosomal dominant [85].

3.3. Symptomatology

The disease is clinically characterized by the progressive occurrence of nodules in the
subcutaneous adipose tissue. These lipomas measure 2 to 5 cm in diameter, are painless,
multiple, asymmetrical, and are mainly located on the trunk and forearms (Figure 2). An
exceptional subconjunctival localization has been reported [86]. No other symptoms are
associated, although a few cases of thrombocytopenic purpura have been reported [87].
No complications of this disease have been mentioned.
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3.4. Biological Parameters

No data are currently available in the literature.

3.5. Diagnosis

The diagnosis of RLML is clinical and is made after ruling out other diagnoses since
there is no specific criteria or marker for this disease. The diagnosis is often ignored due to
lack of questioning in patients who show no accompanying signs. Only patients who have
an esthetic complaint consult a specialized center. Differential diagnoses that should be
excluded are:

Neurofibromatosis type 1, related to NF1 gene mutation [50];
Legius syndrome, also known as NF1-like syndrome, which is a rare, genetic skin

pigmentation disorder characterized by multiple café-au-lait macules with or without
axillary or inguinal freckling [88];

Other types of lipomatosis (see Section 2.5).

3.6. Paraclinical Investigations

No study has characterized the biological and morphological aspects of patients
with RLML. Ultrasound examination is the first line of investigation to confirm the fatty
nature and benign characteristics of the subcutaneous nodules; lipomas appear as soft,
variably echogenic masses. If encapsulated, the capsule may be difficult to identify on
ultrasound [89].

3.7. Histological Analysis

There are no currently available data concerning the histological study of lipomas
from patients with RLML.

3.8. Therapeutic Management

Treatment is symptomatic and mainly based on surgery for these lesions when they
cause discomfort, especially for esthetic purposes. Surgery is performed on non-diffuse
forms of the disease. Lipomas usually do not recur after surgery. Weight loss can cause
lipomas to reduce in size (personal experience).

To conclude this second part, Roch-Leri mesosomatous lipomatosis is a form of benign
painless lipomatosis. The pathophysiology is unknown, and the disease appears to be
somewhat forgotten.

4. Contribution to Pathophysiology in Dercum’s and Roch-Leri Diseases

Dercum’s disease (DD) and RLML are rare and poorly characterized diseases. Their
clinical presentations involve multiple lipomas, which are painful in DD as opposed RLML,
without lipoatrophy. These two mild disorders have raised little interest in past decades.

Nevertheless, recent discoveries regarding the different types of adipose tissue (white,
brown, beige), its ability to secrete hormones and inflammatory mediators, its crosstalk
with all human organs, and the consequences of its inflammation have currently led to
renewed interest in these rare diseases. These advances can offer new insights into the
physiology and diseases of adipose tissue. Lipomatoses have been recently included in
the registry of the European Consortium for Lipodystrophy [90]. As of today, more than
70 genes have been identified in disorders of adipose tissue since the first identification
of LMNA mutations in Familial Partial Lipodystrophy Syndrome type 2 (FPLD2) in the
year 2000 [91]. New genes have been recently identified in lipoedema [92,93] and in some
kinds of lipomatosis [94], but not in DD or RLML. Nevertheless, few series of DD or RLML
disease are available. We recently analyzed the metabolic and inflammatory characteristics
of 9 DD and 11 RLML patients, as well as 18 healthy controls who were included in a
single-center cohort (NCT: 01784289). DD and RLML were nearly always associated with
obesity and metabolic syndrome. Females were more frequent in the DD group and males
in the RLML group, as already reported in the literature. The median age of the patients
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was similar in the three groups and was younger than that usually reported for DD (post-
menopausal), which argues for a specific rather than an unspecific mechanism. Protein C
(CRP) levels tended to be higher in the lipomatosis groups than in the control group, with
basophilia in the DD group (doi:10.1210/jendso/bvaa046.785).

Numerous data have demonstrated the link between obesity, the metabolic phenotype,
and the inflammatory profile of adipose tissue. In obese adipose tissue, the number of
pro-inflammatory immune cells is greatly elevated [95]. A struggle takes place between the
pro- and anti-inflammatory components in innate and adaptive immunity. Macrophages,
neutrophils, and mast cells are the major components of innate immunity [96]. Specifically,
basophils, which are associated with T helper 2 (Th2) immune responses, have the capacity
to initiate and expand inflammation through the production of specific cytokines and
proteases that lead to inflammation [97]. In addition, tissue mast cells are very similar to
circulating basophil granulocytes; both contain histamine, serotonin, and heparin. High
serotonin levels are associated with obesity, and a deficit in serotonin has been shown
to prevent the development of obesity and insulin resistance [98]. This therefore raises
a question as to the pathophysiological role of quantitative or qualitative regulation of
serotonin production in lipomatosis, especially in the painful lipomas of DD.

5. Conclusions

Lipomatosis is a rare disease, and most types are considered benign despite the
consequences of pain on the quality of life in DD. The diseases remain underdiagnosed [99].
In addition to multiple lipomas, which are painful in DD, both DD and RLML evolve
in association with a metabolic syndrome, which is characterized by the presence of
overweight, hypertension, diabetes, or dyslipidemia. The long-term course remains poorly
described. The pathophysiology is unknown but could be related to obesity and low-grade
inflammation.

Funding: This manuscript was supported by the French Ministry of Health (PHRC 2009; Clinical
Trial Registration; Number: NCT01784289).

Institutional Review Board Statement: B91413-80.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Acknowledgments: We wish to extend our gratitude to the Clinical Research Department of Lille
University Hospital and to the clinical research nurses A.S. Paranthoen and G. Lavergne.

Conflicts of Interest: The authors declare that they have no conflict of interest concerning the topic
of the study.

References
1. Vantyghem, M.-C.; Balavoine, A.-S.; Douillard, C.; Defrance, F.; Dieudonne, L.; Mouton, F.; Lemaire, C.; Bertrand-Escouflaire,

N.; Bourdelle-Hego, M.-F.; Devemy, F.; et al. How to diagnose a lipodystrophy syndrome. Ann. d’Endocrinol. 2012, 73, 170–189.
[CrossRef]

2. Brown, R.J.; Araujo-Vilar, D.; Cheung, P.T.; Dunger, D.; Garg, A.; Jack, M.; Mungai, L.; Oral, E.A.; Patni, N.; Rother, K.I.; et al. The
Diagnosis and Management of Lipodystrophy Syndromes: A Multi-Society Practice Guideline. J. Clin. Endocrinol. Metab. 2016,
101, 4500–4511. [CrossRef]

3. Herbst, K.L.; Feingold, K.R.; Anawalt, B.; Boyce, A.; Chrousos, G.; de Herder, W.W.; Dungan, K.; Grossman, A.; Hersh-man, J.M.;
Hofland, J.; et al. Subcutaneous Adipose Tissue Diseases: Dercum Disease, Li-pedema, Familial Multiple Lipomatosis, and Madelung
Disease; Endotext; MDText.com, Inc.: South Dartmouth, MA, USA, 2019; PMID: 31895524.

4. Choe, S.S.; Huh, J.Y.; Hwang, I.J.; Kim, J.I.; Kim, J.B. Adipose Tissue Remodeling: Its Role in Energy Metabolism and Metabolic
Disorders. Front. Endocrinol. 2016, 7, 30. [CrossRef] [PubMed]

5. Eckel, J. The Cellular Secretome and Organ Crosstalk; Academic Press: Cambridge, MA, USA, 2018; pp. 9–63. [CrossRef]
6. Ishihara, S.; Fujita, N.; Azuma, K.; Michikawa, T.; Yagi, M.; Tsuji, T.; Takayama, M.; Matsumoto, H.; Nakamura, M.; Matsumoto,

M.; et al. Spinal epidural lipomatosis is a previously unrecognized manifestation of metabolic syndrome. Spine J. 2019, 19,
493–500. [CrossRef] [PubMed]

7. ORPHA:36397. Adiposis Dolorosa. Available online: http://www.orpha.net/consor/cgibin/OC_Exp.php?lng=EN&Expert=36
397 (accessed on 12 February 2021).

http://doi.org/10.1016/j.ando.2012.04.010
http://doi.org/10.1210/jc.2016-2466
http://doi.org/10.3389/fendo.2016.00030
http://www.ncbi.nlm.nih.gov/pubmed/27148161
http://doi.org/10.1016/c2015-0-06271-2
http://doi.org/10.1016/j.spinee.2018.07.022
http://www.ncbi.nlm.nih.gov/pubmed/30077045
http://www.orpha.net/consor/cgibin/OC_Exp.php?lng=EN&Expert=36397
http://www.orpha.net/consor/cgibin/OC_Exp.php?lng=EN&Expert=36397


J. Clin. Med. 2021, 10, 1292 12 of 15

8. Hansson, E.; Svensson, H.; Brorson, H. Review of Dercum’s disease and proposal of diagnostic criteria, diagnostic methods,
classification and management. Orphanet J. Rare Dis. 2012, 7, 23. [CrossRef] [PubMed]

9. Munguia, N.; Mozayeni, B.; Wright, T.; Herbst, K. Dercum’s Disease: Estimating the prevalence of a rare painful loose connective
tissue disease. Future Med. 2020. [CrossRef]

10. Patel, D.A.; Swan, K.G. Francis Xavier Dercum: A man for all seasons. Ann. Clin. Transl. Neurol. 2014, 1, 233–237. [CrossRef]
11. Dercum, F.-X. Three cases of a hitherto unclassified affection ressembling in its grosser aspects obesity, but associated with special

nervous symptoms- adiposis dolorosa. Am. J. Med. Sci. 1892, 104, 521–585. [CrossRef]
12. Nicaud, P.; Lafitte, A. Rapidly developing Dercum’s disease associated with pituitary and thyroid endocrine disorders. Bull.

Mem. Soc. Med. Hop. Paris 1947, 63, 939–941.
13. Greenbaum, S.S.; Varga, J. Corticosteroid-induced juxta-articular adiposis dolorosa. Arch. Dermatol. 1991, 127, 231–233. [CrossRef]
14. Benfaremo, D.; Luchetti, M.M.; Gabrielli, A. Widespread painful nodules in a patient with rheumatoid arthritis. Eur. J. Intern.

Med. 2017, 46, e1–e2. [CrossRef] [PubMed]
15. Beltran, K.; Wadeea, R.; Herbst, K.L. Infections preceding the development of Dercum disease. IDCases 2020, 19, e00682. [CrossRef]

[PubMed]
16. Hao, D.; Olugbodi, A.; Udechukwu, N.; Donato, A. Trauma-induced adiposis dolorosa (Dercum’s disease). BMJ Case Rep. 2018,

2018, 2017223869. [CrossRef] [PubMed]
17. Blomstrand, R.; Juhlin, L.; Nordenstam, H.; Ohlsson, R.; Werner, B.; Engström, J. Adiposis dolorosa associated with defects of

lipid metabolism. Acta Derm Venereol 1971, 51, 243–250.
18. Pimenta, W.P.; Paula, F.J.; Dick-de-Paula, I.; Piccinato, C.E.; Monteiro, C.M.; Brandão-Neto, J.; Kettelhut, I.C.; Foss, M.C. Hormonal

and metabolic study of a case of adiposis dolorosa (Dercum’s disease). Braz. J. Med. Biol. Res. 1992, 25, 889–893. [PubMed]
19. Tsang, C.; Aggarwal, R.; Bonanomi, G. Dercum’s disease as a cause of weight loss failure after gastric bypass surgery. Surg. Obes.

Relat. Dis. 2011, 7, 243–245. [CrossRef] [PubMed]
20. Rasmussen, J.C.; Herbst, K.L.; Aldrich, M.B.; Darne, C.D.; Tan, I.-C.; Zhu, B.; Guilliod, R.; Fife, C.E.; Maus, E.A.; Sevick-Muraca,

E.M. An abnormal lymphatic phenotype is associated with subcutaneous adipose tissue deposits in Dercum’s disease. Obesity
2014, 22, 2186–2192. [CrossRef]

21. Dercum, F.-X.; McCarthy, D.J. Autopsy in a case of adiposa dolorosa. Am. J. Med. Sci. Phila. 1902, 124, 994.
22. Cantú, J.; Ruiz-Barquin, E.; Jimenez, M.; Castillo, L.; Macotela-Ruiz, E. Autosomal dominant inheritance in adiposis dolorosa

(Dercum’s disease). Qual. Life Res. 1973, 18, 89–91. [CrossRef]
23. Campen, R.; Mankin, H.; Louis, D.N.; Hirano, M.; MacCollin, M. Familial occurrence of adiposis dolorosa. J. Am. Acad. Dermatol.

2001, 44, 132–136. [CrossRef]
24. Lynch, H.T.; Harlan, W.L. Hereditary Factors in Adiposis Dolorosa (Dercum’s Disease). Am. J. Hum. Genet. 1963, 15, 184–190.
25. Herbst, K.L.; Asare-Bediako, S. Adiposis Dolorosa Is More Than Painful Fat. Endocrinologist 2007, 17, 326–334. [CrossRef]
26. Al Ghazal, P.; Grönemeyer, L.-L.; Schön, M.P. Lipomatoses. J. Dtsch. Dermatol. Ges. 2018, 16, 313–327. [CrossRef] [PubMed]
27. Wollina, U.; Heinig, B.; Langner, D.; Nowak, A. Juxta-articular adiposis dolorosa (Dercum’s disease type IV): Report of four cases

and treatment by dermolipectomy. Wien. Med. Wochenschr. 2015, 165, 374–377. [CrossRef] [PubMed]
28. Hansson, E.; Svensson, H.; Brorson, H. Depression in Dercum’s disease and in obesity: A case control study. BMC Psychiatry 2012,

12, 74. [CrossRef] [PubMed]
29. Kucharz, E.J.; Kramza, J.; Kotyla, P.; Kotulska, A. Mixed generalized/juxta-articular form of Dercum’s disease. Reumatologia 2016,

4, 212. [CrossRef] [PubMed]
30. Haddad, D.; Athmani, B.; Costa, A.; Cartier, S. Maladie de Dercum: Une complication grave au cours d’une maladie rare. À

propos d’un cas. Ann. Chir. Plast. Esthét. 2005, 50, 247–250. [CrossRef]
31. Miraglia, E.; Visconti, B.; Bianchini, D.; Calvieri, S.; Giustini, S. An uncommon association between lipomatous hypertrophy of

the interatrial septum (LHIS) and Dercum’s disease. Eur. J. Dermatol. EJD 2013, 23, 406–407. [CrossRef] [PubMed]
32. Trentin, C.; Di Nubila, B.; Cassano, E.; Bellomi, M. A rare cause of mastalgia: Dercum’s disease (adiposis dolorosa). Tumori 2008, 94,

762–764. [CrossRef]
33. Kawale, J.; Mahore, A.; Dange, N.; Bhoyar, K. Adiposis dolorosa of scalp presenting with severe headache: An unusual case. J.

Headache Pain 2010, 11, 539–541. [CrossRef]
34. Izar, M.C.D.O.; Da Fonseca, H.A.R.; França, C.N.; Machado, V.A.; Ferreira, C.E.D.S.; Fonseca, F.A.H. Rare Presentation of

Dercum’s Disease in a Child with Abnormalities in Lipoprotein Metabolism. Arq. Bras. Cardiol. 2018, 111, 755–757. [CrossRef]
35. Szypula, I.; Kotulska, A.; Szopa, M.; Pieczyrak, R.; Kucharz, E.J. Adiposis dolorosa with hypercholesterolemia and premature

severe generalized atherosclerosis. Wiad. Lek. 2009, 62, 64–65.
36. Moi, L.; Canu, C.; Pirari, P.; Mura, M.N.; Piludu, G.; Del Giacco, G.S. Dercum’s disease: A case report. Ann. Ital. Med. Int. 2005, 20,

187–191.
37. Fagher, B.; Monti, M.; Nilsson-Ehle, P.; Åukesson, B. Fat-cell heat production, adipose tissue fatty acids, lipoprotein lipase activity

and plasma lipoproteins in adiposis dolorosa. Clin. Sci. 1991, 81, 793–798. [CrossRef] [PubMed]
38. Beltran, K.; Herbst, K.L. Differentiating lipedema and Dercum’s disease. Int. J. Obes. 2017, 41, 240–245. [CrossRef]
39. Karagiannides, I.; Pothoulakis, C. Substance P, obesity, and gut inflammation. Curr. Opin. Endocrinol. Diabetes Obes. 2009, 16,

47–52. [CrossRef] [PubMed]

http://doi.org/10.1186/1750-1172-7-23
http://www.ncbi.nlm.nih.gov/pubmed/22546240
http://doi.org/10.21203/rs.3.rs-32979/v1
http://doi.org/10.1002/acn3.36
http://doi.org/10.1097/00000441-189211000-00004
http://doi.org/10.1001/archderm.1991.01680020099013
http://doi.org/10.1016/j.ejim.2017.04.022
http://www.ncbi.nlm.nih.gov/pubmed/28479013
http://doi.org/10.1016/j.idcr.2019.e00682
http://www.ncbi.nlm.nih.gov/pubmed/31908946
http://doi.org/10.1136/bcr-2017-223869
http://www.ncbi.nlm.nih.gov/pubmed/29592996
http://www.ncbi.nlm.nih.gov/pubmed/1342834
http://doi.org/10.1016/j.soard.2010.09.007
http://www.ncbi.nlm.nih.gov/pubmed/21292564
http://doi.org/10.1002/oby.20836
http://doi.org/10.1007/BF00279037
http://doi.org/10.1067/mjd.2001.110872
http://doi.org/10.1097/TEN.0b013e31815942294
http://doi.org/10.1111/ddg.13460
http://www.ncbi.nlm.nih.gov/pubmed/29537156
http://doi.org/10.1007/s10354-015-0378-1
http://www.ncbi.nlm.nih.gov/pubmed/26289595
http://doi.org/10.1186/1471-244X-12-74
http://www.ncbi.nlm.nih.gov/pubmed/22759645
http://doi.org/10.5114/reum.2016.62477
http://www.ncbi.nlm.nih.gov/pubmed/27826177
http://doi.org/10.1016/j.anplas.2004.12.007
http://doi.org/10.1684/ejd.2013.2016
http://www.ncbi.nlm.nih.gov/pubmed/23782949
http://doi.org/10.1177/030089160809400523
http://doi.org/10.1007/s10194-010-0253-9
http://doi.org/10.5935/abc.20180191
http://doi.org/10.1042/cs0810793
http://www.ncbi.nlm.nih.gov/pubmed/1662586
http://doi.org/10.1038/ijo.2016.205
http://doi.org/10.1097/MED.0b013e328321306c
http://www.ncbi.nlm.nih.gov/pubmed/19104238


J. Clin. Med. 2021, 10, 1292 13 of 15

40. Wu, Y.; He, H.; Cheng, Z.; Bai, Y.; Ma, X. The Role of Neuropeptide Y and Peptide YY in the Development of Obesity via Gut-brain
Axis. Curr. Protein Pept. Sci. 2019, 20, 750–758. [CrossRef]

41. Fisk, H.L.; Childs, C.E.; Miles, E.A.; Ayres, R.; Noakes, P.S.; Paras-Chavez, C.; Kuda, O.; Kopecký, J.; Antoun, E.; Lillycrop, K.A.;
et al. Dysregulation of endocannabinoid concentrations in human subcutaneous adipose tissue in obesity and modulation by
omega-3 polyunsaturated fatty acids. Clin. Sci. 2021, 135, 185–200. [CrossRef] [PubMed]

42. Herbst, K.L.; Coviello, A.D.; Chang, A.; Boyle, D.L. Lipomatosis-associated inflammation and excess collagen may contribute to
lower relative resting energy expenditure in women with adiposis dolorosa. Int. J. Obes. 2009, 33, 1031–1038. [CrossRef]

43. Crescenzi, R.; Donahue, P.M.; Weakley, S.; Garza, M.; Donahue, M.J.; Herbst, K.L. Lipedema and Dercum’s Disease: A New
Application of Bioimpedance. Lymphat. Res. Biol. 2019, 17, 671–679. [CrossRef] [PubMed]

44. Kruglikov, I.L.; Joffin, N.; Scherer, P.E. The MMP14–caveolin axis and its potential relevance for lipoedema. Nat. Rev. Endocrinol.
2020, 16, 669–674. [CrossRef]

45. Wolfe, F.; Clauw, D.J.; Fitzcharles, M.-A.; Goldenberg, D.L.; Katz, R.S.; Mease, P.; Russell, A.S.; Russell, I.J.; Winfield, J.B.; Yunus,
M.B. The American College of Rheumatology Preliminary Diagnostic Criteria for Fibromyalgia and Measurement of Symptom
Severity. Arthritis Care Res. 2010, 62, 600–610. [CrossRef]

46. Cascajo, C.D.; Borghi, S.; Weyers, W. Panniculitis. Am. J. Dermatopathol. 2000, 22, 530–549. [CrossRef] [PubMed]
47. Sollier, C.; Capel, E.; Aguilhon, C.; Smirnov, V.; Auclair, M.; Douillard, C.; Ladsous, M.; Defoort-Dhellemmes, S.; Gorwood, J.;

Braud, L.; et al. LIPE-related lipodystrophic syndrome: Clinical features and disease modeling using adipose stem cells. Eur. J.
Endocrinol. 2021, 184, 155–168. [CrossRef] [PubMed]

48. Reddy, N.; Malipatil, B.; Kumar, S. A rare case of familial multiple subcutaneous lipomatosis with novel PALB2 mutation and
increased predilection to cancers. Hematol. Stem Cell Ther. 2016, 9, 154–156. [CrossRef] [PubMed]

49. Granados, D.M.M.; De Baptista, M.B.; Bonadia, L.C.; Bertuzzo, C.S.; Steiner, C.E. Clinical and Molecular Investigation of Familial
Multiple Lipomatosis: Variants in the HMGA2 Gene. Clin. Cosmet. Investig. Dermatol. 2020, 13, 1–10. [CrossRef] [PubMed]

50. Miraglia, E.; Moliterni, E.; Iacovino, C.; Roberti, V.; Laghi, A.; Moramarco, A.; Giustini, S. Cutaneous manifestations in
neurofibromatosis type 1. Clin. Ter. 2020, 171, e371–e377. [CrossRef]

51. Carré, F.; Hervochon, R.; Foirest, C.; Tankéré, F. MERRF syndrome (Myoclonic Epilepsy with Ragged Red Fibres) presenting with
cervicothoracic lipomatosis. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2019, 136, 113–114. [CrossRef] [PubMed]

52. Wolfswinkel, E.M.; Imahiyerobo, T.A.; McComb, J.G.; Sanchez-Lara, P.A.; Urata, M.M. Proteus Syndrome With a Cranial
Intraosseous Lipoma. J. Craniofacial Surg. 2017, 28, e771–e773. [CrossRef]

53. Martinez-Lopez, A.; Blasco-Morente, G.; Perez-Lopez, I.; Herrera-Garcia, J.D.; Luque-Valenzuela, M.; Sanchez-Cano, D.; Lopez-
Gutierrez, J.C.; Ruiz-Villaverde, R.; Tercedor-Sanchez, J. CLOVES syndrome: Review of a PIK3CA-related overgrowth spectrum
(PROS). Clin. Genet. 2016, 91, 14–21. [CrossRef]

54. Craiglow, B.G.; Ko, C.J.; Antaya, R.J. Two Cases of Hemihyperplasia-Multiple Lipomatosis Syndrome and Review of Asymmetric
Hemihyperplasia Syndromes. Pediatr. Dermatol. 2013, 31, 507–510. [CrossRef]

55. Caux, F.; Plauchu, H.; Chibon, F.; Faivre, L.; Fain, O.; Vabres, P.; Bonnet, F.; Selma, Z.B.; Laroche, L.; Gérard, M.; et al. Segmental
overgrowth, lipomatosis, arteriovenous malformation and epidermal nevus (SOLAMEN) syndrome is related to mosaic PTEN
nullizygosity. Eur. J. Hum. Genet. 2007, 15, 767–773. [CrossRef] [PubMed]

56. Acar, T.; Efe, D.; Gemici, K.; Golen, M.; Gemici, K. Co-occurrence of thoracolumbar intramedullary lipoma and intracranial
lipoma during Gardner’s syndrome: A rare occurrence. Acta Neurochir. 2015, 157, 1429–1431. [CrossRef]

57. Mashima, E.; Sawada, Y.; Saito-Sasaki, N.; Yamamoto, K.; Ohmori, S.; Omoto, D.; Yoshioka, H.; Yoshioka, M.; Okada, E.; Aoki, T.;
et al. A Retrospective Study of Superficial Type Atypical Lipomatous Tumor. Front. Med. 2020, 7. [CrossRef] [PubMed]
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