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Purpose: Madelung’s disease (MD) is a rare condition of massive deposits of fat accumulations between superficial and deep fascia at
typical locations. There is an absence of systematic studies related to MD in the Chinese cohort. Thus, the objective of the study was to
investigate the clinical features of the MD cases in our institution and to explore the clinical variables associated with postoperative
recurrence.

Materials and Methods: We retrospectively analyzed the clinical information of 21 individuals with MD from 2013 to 2021
enrolled in our institution. The paired #-test and x> test were, respectively, used to determine the difference between continuous and
classified variables. The univariate Kaplan—Meier analysis by log-rank and multivariate stepwise Cox regression analysis were used to
explore variables possibly associated with postoperative recurrence in MD individuals.

Results: In the current study, 90.48% of the studied patients were male with a mean age of 48.76 years old. About 61.90% exhibited
type I MD. MD patients who experienced postoperative recurrence had a higher age, BMI, incidence of chronic complications, and
prevalence of alcoholism than the other MD patients without recurrence (P < 0.05). The univariate Kaplan—Meier analysis by log-rank
identified that age, BMI, alcoholism, and comorbidities were influencing factors related with postoperative recurrence (P < 0.05).
Conclusion: Demographic characteristics of the 21 studied Chinese cases with MD were generally in accordance with previously
published data of other foreign populations. The factors possibly influencing the postoperative recurrence for patients with MD were
age, BMI, alcoholism, and a combination of comorbidities. This is the first time that a summarization of clinical characteristics and
postoperative recurrence variables of Chinese patients with MD has been reported.
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Introduction
Madelung’s disease (MD) is a rare condition of numerous, progressive, symmetric, and unencapsulated deposits of fat
accumulations between superficial and deep fascia at typical locations, such as the neck, face, trunk, and extremities of
limbs, which is also known as Launois—Bensaude syndrome, benign symmetric lipomatosis (BSL), or multiple symmetric
lipomatosis (MSL). The disorder was first reported by Benjamin Brodie in 1846." It was then named after the German
surgeon Madelung, who described it in 1888.°

The prevalence of MD in the Mediterranean area has been approximately 1:25,000.> However, MD was extremely
rare in the Asian population.* The pathogenesis and etiology of MD have not been elucidated yet. In most cases, people
with MD present no apparent symptoms.’ For symptomatic MD patients, the most frequent complaints include cervical
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mobility restriction, cosmetic abnormality, respiratory distress, difficulty in swallowing, dysphonia, and psychological
depression.*® The pathologic nature of the massively symmetric fat accumulations in patients with MD is benign, and no
spontaneous regression of the nonencapsulated adipose tissue has been officially reported.’

MD can be classified into two types based on the distribution of lipomatosis.®® Type I, also known as horse collar
lipoma, exclusively occurs in males, and adipose tissue is usually deposited in the neck, arms, upper trunk, and
mediastinum. Fat deposits in these areas can result in cervical disfigurement accompanied by swallowing hypofunction,
neck movement disorder, or even upper airway obstruction. Moreover, fatty tissue in uninvolved regions tends to be
reduced or even absent. Type II MD can occur in males and females and is often relevant to weight gain. Deposition of
lipomatous tissue in Type II MD patients is dominantly in the upper back, thighs, hips, and deltoid regions, very similar
to the fat distribution pattern in females.

The mainstay therapeutic approaches for MD include surgical resection and liposuction.'® Staged and multi-modality
surgical procedures are usually required to achieve acceptable therapeutic effects for patients with MD.'' It is rarely
possible to obliterate the diffuse adipose masses as the deposits generally infiltrate several different planes and involve
various adjacent structures, which indicates that surgical treatment is palliative instead of curative, and recurrence is
common.'*"?

Considering the extremely low incidence of MD in the Asian population, the clinicopathological characteristics of the
21 cases with MD in the current study were summarized and compared with those of other foreign populations. Although
postoperative recurrence in MD patients is quite common, no published studies have analyzed and reported clinico-
pathological recurrence factors in MD individuals. Thus, the objective of the study was to investigate the clinical data of
the 21 MD cases in our institution and to identify the variables possibly related to the postoperative recurrence rate for
patients with MD.

Methods

We retrospectively searched patients diagnosed with MD enrolled in our institution between 2013 and 2020. Due to the
low prevalence of the disease, we finally found 21 individuals with MD and retrospectively analyzed their clinical
information. A detailed medical history inquiry and physical examination were conducted for each patient admitted to
our institution. Thus, patients’ medical records and clinical information were safely preserved. Eleven of them underwent
lipectomy or liposuction, while the other 10 did not accept complementary treatment as their lipomatous deposits did not
severely influence their quality of life. The continuous variables were expressed as mean (AVG) + standard deviation.
The paired r-test and »* test were, respectively, used to determine the difference between continuous and classified
variables. The univariate Kaplan—Meier analysis using log-rank and multivariate stepwise Cox regression analysis was
used to explore variables possibly associated with postoperative recurrence in MD individuals. Statistical analysis was
performed using SPSS 24.0 software (IBM, New York, USA). P<0.05 was considered statistically significant. This study
was in compliance with the guidelines of the Declaration of Helsinki. The clinical study protocol was reviewed and
approved by Bioethical Committee of Peking Union Medical College Hospital. Written informed consent was obtained
from all patients who participated in the study for publication and the use of their clinical data, including any
accompanying images.

Results

Overall, 90.48% of patients were male. The mean age at the time of diagnosis was 48.76. 71.43% of patients fell into the
overweight category (BMI>24). According to Enzi’s classification, 61.90% of patients exhibited type I MD, while the
rest had type II MD only or had features of both types I and II. Most of the studied cohort (66.67%) had multiple fatty
masses over the body. The most commonly affected anatomic regions were the neck (23.29%), abdomen (10.96%), and
dorsal area (8.22%). 71.43% of patients were related to alcohol abuse. MD patients are often combined with other
metabolic abnormalities, while only 23.8% of cases did not present any comorbidities. No familial cases were found.
47.62% of the studied cohort experienced limited neck mobility (Figures 1 and 2), while the others were asymptomatic.
Neuropathies, tongue, orbital involvement, etc., were not found in the current study cohort. Eleven of the studied 21
patients underwent surgical resection (81.82%) and liposuction (18.18%). The average follow-up duration was 4.30 years
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Figure | (A—C) A 30-year-old male patient with massive symmetrical fat accumulations in supraclavicular fossa, submental and nuchal area. The patient had limited mobility
of the neck and sometimes experienced dyspnea and OSAS. He had a 30-year history of alcohol consumption without other comorbidities. (D-F) Postoperative results after
surgical resection of submental and supraclavicular adipose masses. No recurrence has been identified yet.

Figure 2 A 46-year-old male patient with subcutaneous adipose masses distributed at submental, supraclavicular; and dorsal areas ((A) the front side, (B and C) the right
side, (D) the dorsal side). He had no obvious symptoms except cosmetic abnormalities. He was also alcoholic and had combinations with hypertension, diabetes, and hepatic
cirrhosis. He experienced disease recurrence |13.2 months after surgical interventions of the dorsal lipomatous masses.

(range, 0.78-7.73 years). 45.45% of the studied MD patients who received excision or liposuction experienced post-
operative recurrence. The average time when recurrence occurred after therapy was 1.84 years.

To further analyze the possible variables related to postoperative recurrence, the 11 patients who received treatment
were divided into the recurrence group (n=5) and the non-recurrence group (n=6) within the average follow-up duration
(4.3 years). The disparities of clinical information between the two groups are presented in Table 1. The average age of
MD patients in the recurrence group (51.6+ 6.39) was significantly higher than that of MD individuals in the non-

Table | Disparities in Clinical Characteristics Between Recurrence (n=5) and Non-Recurrence Group (n=6)

Recurrence Group (n=5) Non-Recurrence Group (n=6) P
Age 51.6x 6.39 38.7+ 8.02 0.017
BMI 27.16% 3.33 23.05+ 2.06 0.033
Sex (Male/Female) 5/0 5/1 0.727
Lesions (Multiple/Single) 32 33 0.608
The percentage of Type | (n, %) 3, 60.0% 4, 67.7% 0.652
Symptomatic (n, %) 3, 60.0% 3, 50.0% 0.608
Combined with comorbidities (n, %) 5, 100% 2, 33.3% 0.045
Abnormal hepatic function (n, %) 1, 20.0% 2, 33.3% 0.576
Alcoholic (n, %) 4, 80.0% I, 16.7% 0.036

Note: The bold text means P <0.05, which was considered statistically significant.
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recurrence group (38.7+ 8.02) (P=0.017). Cases in the recurrence group also had higher BMI (27.16+ 3.33) than those in
the non-recurrence group (23.05+ 2.06) (P=0.033). All patients in the recurrence group were combined with comorbid-
ities, while the proportion in the non-recurrence group was only 33.3% (P=0.045). The percentage of alcoholic patients in
the recurrence group was 80%, much higher than that in the non-recurrence group (16.7%) (P=0.036). Other variables,
including the gender ratio, clinical classification, the percentage of MD patients with symptoms, and the percentage of
MD individuals with abnormal liver function between these two groups, were not statistically different (P>0.05).

Using the diagnosis of MD disease post-operational relapse as an endpoint, the results of the univariate analysis by
log-rank and multivariate stepwise Cox regression analysis are as follows: The univariate analysis by log-rank showed
that variables including age (<45, >45), BMI (<24, >24), whether alcoholic, and whether combined with comorbidities
were associated with recurrence (P<0.05) (Table 2). Furthermore, the Kaplan—-Meier curves revealed that the post-
operative recurrence rates of the two groups stratified by the above four factors were all statistically different (P<0.05)
(Figure 3). However, multivariate stepwise Cox regression analysis showed that the above clinical features were not
independent influencing factors for recurrence of MD (P>0.05) (Table 3).

Discussion

Madelung’s disease (MD) is characterized by multiple, disfiguring, abnormal fat depositions in the subcutaneous layer of
different locations. According to a previous literature review, MD is more commonly seen in males in the fourth and fifth
decades of life who chronically consumed alcohol, especially those in the Mediterranean or eastern European
regions.>'*'> In the current study, 90.48% of MD patients were male, similar to that in previous foreign studies. In
the initial couple of years, the subcutaneous nonencapsulated fatty tissue tends to deposit in a rapid pattern, while after
that, the disease usually stabilizes or progresses in a slow manner.'® There was also no spontaneous regression of MD in
the current study, which is in accordance with the findings in the survey by Monika Szewc et al.*

As for disease classification, the vast majority of diagnosed patients with MD have more than one phenotype, and
type I is the most frequently identified subtype.’ In the studied cohort, 61.90% of patients presented with type I MD,
which is highly consistent with the findings conducted by other studies.” Massive and symmetrical subcutaneous adipose
tissue was most frequently deposited in the parotid, cervical, and posterior dorsal regions, resulting in cosmetic
abnormalities. Other commonly affected areas include occipital areas, abdomen, and upper extremities. According to

Enzi, nonencapsulated adipose tissue in patients with MD was usually symmetrically accumulated in the neck (83.8%),

Table 2 The Log-Rank Univariate Analysis of Variables Related to Postoperative Recurrence of || MD Individuals

Influencing Factors Total Number Number of Recurrent Patients Ve P

Age groups 245 5 4 (80.0%) 7313 0.007
<45 6 | (16.7%)

BMI groups 225 4 3 (75.0%) 3.851 0.0497
<25 7 2 (28.6%)

Lesions Multiple 6 3 (50.0%) 0.097 0.756
Single 5 2 (40.0%)

Disease types Type | 7 3 (42.9%) 0.275 0.6
Type Il and mixed types 4 2 (50.0%)

Symptomatic Yes 6 3 (50.0%) 0.097 0.756
No 5 2 (40.0%)

Comorbidities Yes 7 5 (71.4%) 4.002 0.045
No 4 0 (0%)

Hepatic function Abnormal 3 | (33.3%) 0.347 0.556
Normal 8 4 (50.0%)

Alcoholic Yes 5 4 (80.0%) 4.758 0.029
No 6 | (16.7%)
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Figure 3 Kaplan—Meier plot comparing postoperative recurrence rate for MD patients stratified by various influencing factors ((A) age, (B) BMI, (C) number of lesions, (D)
clinical types, (E) symptomatic or not, (F) combined with chronic metabolic diseases or not, (G) hepatic function, (H) alcoholic or not).

back (55%), upper segments of the arms (54%), and abdomen (35%), lower extremities (28%).'> Tongue, breasts, testis,
and pubis have been rarely involved in MD patients in the literature."”

Obstructive sleep apnea syndrome (OSAS) is characterized by narrowing pharynx and airway obstruction.
Theoretically speaking, massive symmetrical depositions of fat around the cervical area have the high potential to result
in OSAS, although the exact pathophysiology mechanisms of OSAS are related to a series of anatomical and neuro-
muscular factors.'® In the studied cohort in our institution, OSAS has a much higher incidence (30%) than the literature
reporting.'® Thus, OSAS should be carefully examined for each patient with MD despite the rarity reported in other
literature. MD patients with OSAS should seek surgical interventions as early as possible.
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Table 3 Multivariate Cox Regression Analysis of Influencing Factors Related to Postoperative Recurrence of MD Disease

Influencing Factors B S.E. Wald df P Exp (B) 95% CI

Age groups 2.656 3.551 0.560 | 0.454 14.244 0.014, 15002.01 |
BMI groups 5.167 3.693 1.957 | 0.162 175319 0.126, 243950.820
Combined with other diseases 4.315 3.947 1.195 | 0.274 74.827 0.033, 171270.154
Alcoholic -3.257 2.783 1.370 | 0.242 0.039 0.000, 9.003

Several hypotheses about the pathogenesis of MD have been proposed. Although genetic alterations existed in MD
individuals, MD was not widely acknowledged as a hereditary disorder.'®° Published literature found that most MD
cases were sporadic instead of familial.'>*' For instance, in a Canadian family with many family members affected by
MD, Perera et al*? demonstrated the presence of specific point mutations within mitochondrial DNA, a rare MTTK gene
¢.8344A>G variant. However, increasing numbers of familial accumulations have been found in a dominant inheritance
pattern.”

Mutations of mitochondrial DNA resulted in mitochondrial dysfunction in adipose tissues.”*2® Some studies
suggested that the etiology of MD derived from excessive proliferation of adipocytes and lipid deposition in functionally
defective brown adipose tissue (BAT).?”*® Decreases in cytochrome C oxidase or modification in beta-adrenergic
receptors reduced adrenergic-mediated lipolysis, which further caused hypertrophy of BAT in MD patients.'’%-*
However, in the most recent publication, Daniel Schiltz et al considered that in MD patients, the pathogenesis was
ascribed to adipose tissue hyperplasia instead of hypertrophy.”> UCP1 was found to be much more highly expressed in
both lipomatosis and unaffected adipose tissue in patients suffering from MD than in normal patients.”® Their influential
investigation of high expression of UCP1 in patients with MD inspires other researchers to propose and implement more
studies associated with this molecule.

Overall, 60-90% of the reported MD cases had chronic alcohol abuse.'**' Despite the unknown pathogenesis of MD,
it is widely acknowledged that alcohol serves as an aggravating factor in adipocyte hyperplasia by decreasing the number
and activity of B-adrenergic receptors, causing premature oxidative aging of the mtDNA, and having an influence on
mitochondrial metabolism.>*? Thus, it clarifies why nonconsumers have a much lower MD prevalence such as
children.*> Moreover, alcohol withdrawal has been reported to be related to a slight regression of the disease, while
increased alcohol intake can lead to an acceleration of non-enveloped fat accumulations.’

In addition to the possible pathogenesis mentioned above, according to the study conducted by Daniel Schiltz and
Oliver Felthaus et al in 2018,** the etiology of MD might be related with the mTOR pathway, which is regulated in the
brown adipose tissue and rapamycin was found to be able to inhibit the mTOR pathway and was considered to be a novel
pharmaceutical therapy of MD.

The diagnosis of MD relies on clinical manifestations, physical examinations, and imaging studies.”'® Auxiliary tests
mainly include ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI). MD patients with
an obstructed airway should perform CT or MRI to exclude malignant carcinoma of the airway or possible mediastinal
extension.'® Other common differential diagnoses of MD include thyroid goiter, Cushing syndrome, morbid obesity,
angiolipoma, lymphoma, encapsulated lipomas, liposarcoma, neurofibromatosis, salivary gland disorders, lipomatosis
especially in human immunodeficiency patients, and so on.*'**3

The treatment of MD mainly includes two modalities, surgical reduction and liposuction. Compared to the latter, the
former has the advantage of being able to better control the noble structures including significant vessels and nerves.
Being less invasive, liposuction can avoid causing extensive scars and have a shorter recovery period.'* Liposuction is
also less likely to cause vascular or nervous lesions and can further reduce postoperative hematoma formation.'?
Liposuction is usually applied in patients whose adipose tissue deposition tends to be diffuse and hardly be removed
by surgical resection.

Due to the characteristics of this disease, the prognosis of MD is unpredictable, and the primary goal of MD is to
improve cosmetic deformity and correct the laryngeal and lingual compression by the diffuse symmetrical accumulation
of adipose tissue.” According to the published studies, nearly 63% of the postoperative MD patients experienced
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recurrence: the recurrence rates of patients after lipectomy, liposuction, and lipectomy combined with liposuction were
51%, 95%, and 50%, respectively.4’1°

Although there are several reports about the recurrence rate of MD after surgery, no studies have yet been reported to
investigate the clinical risk factors associated with postoperative recurrence of MD. After searching and reviewing the
published papers about MD disease among the Chinese population from the PubMed, Wanfang and CNKI (Chinese
National Knowledge Infrastructure) database, the number of cases included in the current study is the largest based on the
extremely low incidence of MD in the Asian population. Compared with the non-recurrence group in the current study,
patients in the recurrence group had significantly higher age, BMI, incidence of chronic metabolic complications, and
prevalence of alcoholism (P<0.05). According to the univariate analysis by log-rank and Kaplan—Meier curves, the
variables associated with the recurrence of lipomatosis were age (<45, >45), BMI (<24, >24), alcoholism, and
combination with other comorbidities (P<0.05). Bias refers to the deviation between the observed value and the true
value, which is a systematic error caused by some relatively constant factors that cannot be accurately measured. The
current retrospective study also holds several potential biases, including severe disease condition, a wide range of
complications, and long course of disease, which are associated with characteristics of patients in superior hospitals.

By investigating the 21 Chinese cases of MD and summarizing the clinical information of other MD populations, we
are fully convinced that the postoperative recurrence rate for MD patients with age>45, BMI>24, chronic metabolic
comorbidities, or long history of alcohol consumption will be relatively higher. Thus, to some extent, MD patients with
these characteristics should be informed of the higher possibility of postoperative recurrence in advance, monitor the
postoperative progress more closely, improve their life modification more actively, and accept the reasonable treatment of
their chronic comorbidities. These methods might be helpful to reduce the recurrence rate after surgery or delay the
recurrence of the disease. However, due to the limitation of the number of cases and the length of follow-up duration in
this study, further investigations in larger cohorts and longer follow-up periods are needed.

Conclusion

In conclusion, the demographic and clinical information of the studied cohort was generally in accordance with
previously published data of other foreign populations. There are also some variations in the current cohort, such as
lower incidence of neuropathies and higher incidence of OSAS and hepatic diseases. The factors possibly influencing the
postoperative recurrence for patients with MD were age (<45, >45), BMI (<24, >24), alcoholism, and combination with
other comorbidities. Advances in precision medicine emphasize the need to identify MD patients with higher recurrence
possibilities. The current study significantly contributes to deepening the understanding of MD among physicians and
providing better-personalized monitoring and treatment for MD patients.
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