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Abstract. – OBJECTIVE: Lipedema is a dis-
order of adipose tissue characterized by ab-
normal subcutaneous fat deposition, leading to 
swelling and enlargement of the lower limbs and 
trunk. The aim of this study was to evaluate the 
lipedema phenotype by investigating the role of 
polymorphisms related to IL-6 (rs1800795) gene 
in people with diagnosis of lipedema. The sec-
ond aim was to identify indicators of body com-
position, useful for a differential analysis be-
tween subjects with lipedema and the control 
group.

PATIENTS AND METHODS: Two groups are 
involved in the study, 45 women with lipedema 
(LIPPY) and 50 women randomly chosen from 
the population as Control (CTRL). Clinical and 
demographical variables recorded include 
weight, height, body mass index (BMI) and cir-
cumference measurements. Body composition 
(Fat mass, FM; lean mass, LM) was assessed by 
Dual-energy X-ray Absorptiometry (DXA). The 
genetic tests for IL-6 (rs18oo795) gene were per-
formed for both groups, using a saliva sample.

RESULTS: The study of the relationship be-
tween the IL-6 (rs1800795) gene polymorphism, 
the anthropometric values and the body compo-
sition indices has provided the following signifi-
cant results: subjects with diagnosis of lipedema 
present statistically significant increased values 
with regard to weight, BMI, waist, abdomen and 
hip circumferences, arms, legs and whole FM (% 
and kg), gynoid FM (kg), legs LM (kg) and ASM-
MI. Moreover, the value of the waist hip ratio was 
found to be decreased.

CONCLUSIONS: For the first time, we sug-
gested that IL-6 gene polymorphism could char-
acterize subjects with lipedema respect to Nor-

mal Weight Obese and obese subjects. The in-
tra-group comparisons (LIPPY carriers vs. LIP-
PY non-carriers and CTRL carriers vs. CTRL 
non-carriers) showed no statistically significant 
values. In contrast, the inter-group comparisons 
(LIPPY non-carriers vs. CTRL non-carriers and 
LIPPY carriers vs. CTRL carriers) resulted sta-
tistically significant. We have identified other in-
dices, such as leg index, trunk index, abdominal 
index, total index, that could be promising clin-
ical tools for diagnosis of the lipedema pheno-
type and for predicting the evolution of the dis-
ease.
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Abbreviations

BMI: Body Mass Index; CRP: C-reactive protein; CTRL: 
Control; DXA: Dual-Energy X-ray; FFM: Free Fat Mass; 
FM: Fat Mass; HWE: Hardy-Weinberg equilibrium; LIP-
PY: Lipedema; LM: Lean Mass; MetS: Metabolic Syn-
drome; MONW: Metabolically Obese Normal Weight; 
MHO: Metabolically Healthy obese; MUO: Metabolical-
ly unhealthy obese; NW: Normal Weight; NWO: Normal 
Weight Obese; WHR: Waist to Hip Ratio.

Introduction

Obesity is defined as a disease and several phe-
notypes have been proposed to classify it1,2. Dif-
ferent obesity phenotypes have been defined in 
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the literature, taking into account both body mass 
index (BMI) values and total fat mass percent-
age (FM%)3,4 direct measurements of percent-
age body fat (PBF: a) the normal weight obese 
(NWO)5,6; b) the metabolically obese normal 
weight (MONW)7,8; c) the metabolically healthy 
obese (MHO)9,10; d) the metabolically unhealthy 
obese (MUO), or “at risk” obese11, with metabolic 
syndrome (MetS)12. 

Up to date, lipedema (or lipoedema) has never 
been considered among the obesity phenotypes 
instead of often mistakenly diagnosed as simple 
obesity or lymphedema. Genetic tests could be 
fundamental for a differential diagnosis between 
lipedema, genetic obesity, primary lymphedema 
and lipodystrophies13-15.

Lipedema may coexist with other phenotypes 
of obesity, but should not be confused with met-
abolic obesity (metabolically unhealthy obesity, 
MUO)16-18. Prevalence of lipedema is estimated 
to be in the range of 7-11% of all adult women 
in Western countries19,20. Lipedema is a chron-
ic and progressive adipose tissue disorder that 
affects mainly women19, with a prevalence of 
1-9/10000015. It is characterized by an abnormal 
deposition and distribution of adipose tissue in 
the subcutaneous region localized from the hips 
down to the ankles and sometimes also in the 
upper limbs21. 

Main symptoms are the symmetrical fat ac-
cumulation in the extremities associated with 
swelling, pain and tenderness in the affected ar-
eas. Despite caloric restriction or intense physical 
activity fat tissue enlargement is continuing19,22,23. 

Differently in diabetic and obese patients, per-
sonalized diets with caloric restrictions have led 
to a noticeable weight decrease24-25. Recently, our 
review highlighted that lipedema has a significant 
negative effect on health-related quality of life 
and general physiological status26. The aetiology 
and pathogenesis of lipedema are not yet fully un-
derstood. To date, it is considered a multifactorial 
condition. Several theories in the literature try to 
explain the role of different elements involved in 
the onset and development of this disease. 

Since adipose tissue plays an endocrine role 
in the release of proinflammatory cytokines, in-
cluding interleukin 6 (IL-6), it is of great interest 
to study the role of genetic variants of IL-6 in 
lipedema27.

The IL-6 gene located on chromosome 1 in po-
sition q23.1, encodes interleukin 6, a cytokine with 
well-defined pro-inflammatory properties also in-
volved in the maturation of B lymphocytes27. IL-6 is 

produced following acute and/or chronic inflamma-
tion. Accumulative evidence indicates that obesity 
may represent a low-grade chronic inflammatory 
state. This is reflected by the elevation of inflamma-
tory markers in the serum such as IL-6 and C-re-
active protein (CRP)26-28. Several polymorphisms 
have been located in the 5 ‘region of the IL-6 gene. 
However, the majority of studies have focused on 
the G/C substitution at position -174. since it has the 
greatest impact on cytokine effects29. In the Euro-
pean population the frequency of the two alleles (G 
and C) is 54% and 46% respectively30. IL-6 plays a 
role in the regulation of body fat. In fact, Wallenius 
et al31 conducted on mice have shown that IL-6 defi-
ciencies lead to the onset of obesity, probably related 
to high levels of leptin.

Therefore, the first aim was to investigate 
the role of IL-6 (rs1800795) gene polymorphism 
in people suffering of lipedema useful for a 
classification of a new phenotype of obesity, 
and differential diagnosis between women with 
lipedema and a control group. The second aim 
was to identify indicators of body composition, 
obtainable from anthropometric measurements 
(body weight, height, circumferences) and body 
composition (total body fat mass, FM, total body 
lean mass, LM, fat free mass, FFM) useful for 
a differential analysis between subjects with li-
pedema and a control group.

Patients and Methods

Subjects
The sample study was composed of 95 Cauca-

sian women from the Italian population between 
20 and 60 years. They were divided into two 
groups: the first group with lipedema (LIPPY) 
was represented by 45 women enrolled on the 
basis of the diagnosis made at the San Giovanni 
Battista Hospital, in Rome (Italy); the second 
was the control group (CTRL) represented by 
50 women without lipedema randomly enrolled 
among participants in clinical trial going on in 
the same period at the Section of Clinical Nutri-
tion and Nutrigenomics of Biomedicine Depart-
ment and Prevention of the Faculty of Medicine 
of Tor Vergata. Informed consent was obtained 
from all subjects in accordance with principles of 
the Declaration of Helsinki. All the enrolled sub-
jects signed an informed consent, and the study 
protocol was approved by the Ethical Commit-
tee of the Calabria Region Center Area Section 
(Register Protocol No. 146 17/05/2018). Exclusion 
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criteria included pregnancy, breast-feeding, type 
1 diabetes, Hepatitis C and B virus and HIV. 
After a 12-hour overnight fast, all subjects un-
derwent anthropometric evaluation (body weight, 
height, waist and hip circumferences), according 
to standard method32. All the individuals were 
instructed to take off their clothes and shoes 
before undergoing the measurements, BMI was 
calculated using the following formula: BMI = 
body weight (kg)/height (m)^2. FM and LM were 
measured by Dual-energy X-ray Absorptiometry 
(DXA) (Primus, X-ray densitometer we; Software 
Version 1.2.2, Osteosys Co., Ltd, Guro-gu, Seoul, 
Korea)33; data were expressed in percentage (%) 
and in kilogram (kg). We categorized the subjects 
according to BMI, and % of total body fat mass 
(FM) into normal weight (NW) lean women with 
a BMI <25 kg/m2 and FM% <30%; NWO women 
with a BMI <25 kg/m2, and FM% ≥30%; pre-
obese and obese women with a BMI ≥25 kg/m2 
and FM% ≥30%1. 

DNA Isolation and RTq-PCR Analysis
The phenol-chloroform extraction was used to 

extract the Genomic DNA34, which was collected, 
in turn, via saliva swab. Determination of the IL-
6 promoter polymorphism (rs1800795), formerly 
known as 174G/C, was carried out from genomic 
DNA using Real-Time PCR with sequence-spe-
cific primers, using the TaqMan® probe method, 
a detection technique that allows to determine 
the genotype based on the fluorescence emission 
by fluorophores linked to allele-specific probes. 
To prepare the DNA for the genotyping, a two 
allele-specific fluorescent probe including a PCR 
primer pair (TaqMan SNP Genotyping Assays, 
Life Technologies, Carlsbad, CA, USA) and a 
master mix including dNTPs and Taq DNA Poly-
merase (TaqPath ProAmp Master mix Life Tech-
nologies, CA, USA) were used. The amplifica-
tions were carried out following the protocol pro-
vided by the Applied Biosystems, which provides 
for the use of: 1) TaqManTM Genotyping Master 
Mix (Life Technologies, Carlsbad, CA, USA) 
which in turn contains: a) DNA polymerase (Am-
pliTac-Gold®, Life Technologies, Carlsbad, CA, 
USA); b) Buffer used to keep the pH constant; d) 
dNTPs. TaqMan SNP Genotyping Assays. which 
contains a) two specific primers for the sequence 
and the polymorphism of interest; b) allele spe-
cific TaqMan probes (MGB) (Life Technologies, 
Carlsbad, CA, USA) for the detection of alleles 
and for the specific polymorphism of interest. 
Each probe in turn is made up of a reporter (R) 

dye at its 5´ end, the VIC® (Life Technologies, 
Carlsbad, CA, USA) dye, tied to the 5´ end of 
the allele 1 probe and the FAM™ dye, tied to 
the 5´ end of the allele 2 probe. Based on this 
ATCGATT [G/T] ATCC sequence, the probe 
labelled with VIC® dye of allele 1 corresponds 
to the first nucleotide inside the sequence in the 
square bracket (G), while the probe labelled with 
FAM™ dye of allele 2 corresponds to the second 
nucleotide (T).

SNP genotyping assessment was executed us-
ing a Real-Time PCR analysis (Applied Biosys-
tems Step One Plus TM Real-Time PCR thermal 
cycler, Life Technologies, Carlsbad, CA, USA), 
according to the manufacturer’s instructions. The 
samples were subjected to 40 amplification cy-
cles; each cycle is divided into two phases: 1) 
denaturation phase at 95°C for 15 seconds, allows 
the separation of the two DNA strands thanks 
to the breaking of the hydrogen bonds; 2) single 
annealing-extension phase at 60°C for 1 minute. 
The first cycle of the total 40 is preceded by a 
further phase, in which a temperature of 95°C is 
reached and maintained for 45 minutes; this step 
is necessary to activate the polymerase.

Statistical Analysis
The distribution of collected variables was pre-

liminary evaluated with the Kolmogorov-Smirn-
ov test. Therefore, the data was not normally 
distributed; the non-parametric tests were used to 
compare the differences between the two groups 
using the Mann-Whitney test. A value of p < 0.05 
was considered statistically significant. Statistical 
analyses were performed using the SPSS-22 soft-
ware package (IBM, Armonk, NY, USA).

The SNP-HWE program was used to calculate 
the Hardy-Weinberg equilibrium (HWE) for IL-6 
promoter polymorphism (rs1800795). This equi-
librium for a bi-allelic locus (alleles 1 and 2) is 
expressed by the following equation: p2 + 2pq + 
q2 = 1 where p and q indicate the frequencies of 
alleles 1 and 2, while p2 indicates the frequency 
in the population of the genotype 1/1, while q2 
the frequency of the genotype 2/2 and 2pq is the 
frequency of the genotype 1/2. The result was 
tested using the χ2-analysis.

Results

According to BMI and FM % evaluations, in 
LIPPY there were 6.7% of NW Lean, 42.2% of 
NWO, 51.1% of Obese. In CTRL group there were 
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10.0% of NW Lean, 58.0% of NWO, 32.0% of 
Obese. The anthropometric measurements of LIP-
PY were statistically significant respect to CTRL 
regarding weight (p=0.002), BMI (p=0.001), waist 
circumference (p=0.044) abdomen circumfer-
ence (p=0.035) and hip circumference (p<0.001). 
The value of Waist to Hip ratio (WHR) was 
decreased (p=0.001). The characteristics of the 
participants are presented in Table I. The statis-
tically significant values of the body composition 
measured by DEXA between LIPPY and CTRL 
group were % arms FM (p=0.002), % legs FM 
(p<0.001), % whole FM (p=0.012), whole FM (kg) 
(p=0.007), legs FM (kg) (p<0.001), gynoid FM 
(kg) (p=0.008) and legs LM (kg) (p<0.001). In 
LIPPY subjects, all values were increased (Table 
II). Furthermore, the two groups were divided into 
carriers and non-carriers of allele risk, and data 
were compared within the group (LIPPY carriers 
vs. LIPPY non-carriers; CTRL carriers vs. CTRL 
non-carriers) and between the groups (LIPPY car-

riers vs. CTRL carriers; LIPPY non-carriers vs. 
CTRL non-carriers). In Table III, we have present-
ed the association of the polymorphism related to 
the IL-6 gene (rs1800795) with the anthropometric 
measurements in LIPPY and CTRL groups. The 
LIPPY, respect to CTRL, presented statistically 
significant increased values of weight (p<0.001), 
BMI (p<0.001), waist circumference (p<0.05), ab-
domen circumference (p<0.05), hip circumference 
(p<0.001). In CTRL carriers respect to CTRL 
non-carriers the value of the circumference of the 
abdomen (p<0.05) was significantly decreased. 
In LIPPY carriers, the weight values (p<0.05), 
BMI (p<0.05), abdomen circumference (p<0.05) 
and hip circumference (p<0.01) were significantly 
higher respect to CTRL carriers. In Table IV, the 
comparison between the body composition values 
in LIPPY and CTRL groups according to IL-6 
gene polymorphism (rs1800795) was reported. The 
HWE (p>0.05) in both LIPPY and CTRL groups 
was respected.

LIPPY: lipedema group; CTRL: control group; Body Mass Index (BMI); Waist circumference (c. waist); Abdomen circumference 
(C. Abdomen); Hip circumference (C. Hip); Waist to Hip ratio (WHR). The data are presented as median (minimum-maximum). 
Statistical significance was assigned for a p less than 0.05.

Table I. The anthropometric values of lipedema (LIPPY) and Control (CTRL) group.

	 LIPPY (N = 45) Median (Min-Max)	 CTRL (N = 50) Median (Min-Max)	 p

Height (cm)	 163.00 (148.50-169.50)	 162.00 (146.50-196.55)	 0.814
Weight (kg)	   79.40 (54.00-153.50)	   69.1 (42.40-136.78)	 0.002
BMI (kg/m2)	   30.04 (20.34-62.87)	   25.48 (17.66-51.47)	 0.001
Age (years)	   42.93 (18.00-71.69)	   40.50 (20.00-80.00)	 0.243
C. Waist	   85.50 (66.5-114.55)	   79.50 (56.50-117.50)	 0.044
C. Abdomen	   97.60 (74.50-155.50)	   93.50 (71.00-140.65)	 0.035
C. Hips	 115.50 (66.50-175.60)	 101.60 (82.50-144.50)	 0.000
WHR	       0.73 (0.36-1.20)	     0.79 (0.49-0.97)	 0.001

LIPPY: lipedema group; CTRL: control group; FM: Fat Mass; LM: Lean Mass. The data are presented as median (minimum-
maximum). Statistical significance was assigned for a p less than 0.05.

Table II. Body composition values measured by DXA in Lipedema (LIPPY) and Control (CTRL) groups.

	 LIPPY (N = 45) Median (Min-Max)	 CTRL (N = 50) Median (Min-Max)	 p

Arms FM (%)	 47.60 (26.10-61.10)	 41.85 (23.70-59.00)	 0.002
Legs FM (%)	 48.90 (33.00-62.40)	 42.55 (25.90-63.9)	 0.000
Android FM (%)	 44.20 (18.00-65.80)	 48.50 (19.60-64.13)	 0.961
Gynoid FM (%)	 50.40 (30.70-63.50)	 49.20 (28.90-64.35)	 0.548
Whole FM (%)	 43.40 (25.70-57.50)	 39.19 (30.30-58.00)	 0.012
Fat arms (kg)	   3.92 (1.22-8.02)	   2.73 (0.85-10.17)	 0.000
Fat legs (kg)	 15.04 (6.98-34.27)	 11.99 (1.86-30.31)	 0.000
Android FM (kg)	   2.39 (0.59-7.83)	   2.15 (0.55-7.29)	 0.335
Gynoid FM (kg)	   6.21 (2.73-17.30)	   4.90 (2.78-13.17)	 0.008
Whole FM (kg)	 32.50 (12.01-86.04)	 25.53 (9.76-73.76)	 0.007
Arms LM (kg)	   4.27 (2.99-7.00)	   3.96 (2.70-8.37)	 0.133
Legs LM (kg)	 15.85 (10.51-28.56)	 13.17 (8.56-29.23)	 0.000
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In CTRL carriers respect to CTRL non-carri-
ers the value of Legs Fat Tissue % and Whole Fat 
Tissue % (p<0.05) were significantly decreased. 
In the comparison between LIPPY carriers and 
CTRL carriers the value of Fat Legs (kg) (p<0.01) 
was significantly increased. According to Odds 
Ratio analysis the risk for LIPPY vs. controls is 
5.92 (OR=5.92; p<0.001; 95% confidence interval 
=1.983-17.711).

Discussion

Lipedema is a complex and multifaceted 
condition that has important physical, psycho-
logical and social implications26.The etiology 
and pathogenesis of lipedema are not yet fully 
understood, as demonstrated by the fact that 
subjects with lipedema are mostly females and 
the onset of the disease is generally at puberty35. 
The lack of knowledge of the etiopathogenetic 
mechanisms could be due to the inability to 
carry out research due to the absence of animal 
models or substrates suitable for in vitro exam-
inations. Also, the lack of identified biomarkers 
for this disease hinders the ability to separate 
correctly the cohorts affected family members 
for genetic study. Currently, no racial or ethnic 
group correlations are known, although accord-
ing to some experts the disorder seems to be 
practically absent among Asian women. Prev-
alence estimates, although vague, suggest that 
a considerable fraction of Western adult female 
population, often misdiagnosed as obese or as 
having lymphedema, has instead lipedema.

Difficulties in recognition and lack of con-
sensus on classification systems have led some 
to consider lipedema a rare disease, when in-
stead some research, mainly on the German 
population, estimates a prevalence and a global 
distribution in the female population that is not 
rare15,36,37. Likely, discordant data on the preva-
lence of the disease could depend on the classi-
fication of particularly mild forms of lipedema 
that would overlap with problems typical of cel-
lulite (aesthetics) and the gynoid phenotype of 
obesity38. In 89% of cases, maternal or paternal 
familiarity had been present for at least three 
generations39.

However, the exact nature of the type of trans-
mission is difficult to determine and has been 
supposed to be either a dominant inheritance 
linked to the X chromosome, or an autosomal 
dominant with sexual limitation. Also, it has been 

hypothesized that this genetic mutation could 
lead to the failure of male births, given the female 
predominance of the condition40.

Higher BMI is associated with lipedema sur-
vivals, but in case of lipedema BMI may be 
inaccurate to reflect the adiposity index. In 
addition, BMI is limited to measure body fat 
and poorly distinguishes fat from lean or bone 
mass4,28,29.

For the first time, in the present study, we an-
alysed the body composition of Caucasian Italian 
women affected by lipedema compared to the 
control group represented by women without li-
pedema randomly enrolled among participants in 
ongoing clinical trials, in the same period for the 
evaluation of nutritional status. 

According to De Lorenzo et al3, we catego-
rized our population based on phenotype classifi-
cation through BMI and % of FM, in NW, NWO, 
and OB women, regardless of the diagnosis of 
lipedema. As regards a first differential analysis, 
based on anthropometric and body composition 
indices (Tables I and II) between the LIPPY and 
the CTRL groups, results have emerged in line 
with the characteristics already known in the 
literature. In other words, as far as lipedema is 
concerned, fat accumulation in the lower limbs, 
upper limbs, arms, legs and gynoid fat has been 
confirmed21,41. Among LIPPY, 42.2% of wom-
en was of NWO, and 51.1% was obese. Similar 
results were obtained in CTRL group, in which 
58.0% was NWO, and 32.0% was obese. 

Therefore, lipedema, NWO and obese phe-
notype can coexist in the same patient, making 
the diagnosis of lipedema even more difficult. 
Furthermore, in the LIPPY an increase in total 
fat percentage was observed, probably due to the 
fact that many of them were also in a condition 
of obesity. Hence, we have to consider lipedema 
as a separate entity with peculiar phenotypic 
characteristics, exclusively for the type of sub-
cutaneous deposition of subcutaneous fat, main-
ly in the lower limbs and sometimes in the upper 
limbs. It is therefore not surprising that in obese 
LIPPY waist and abdomen circumferences were 
increased. For the amount and percentage of 
total body fat mass, the LIPPY are similar to the 
obese. Obese LIPPY have an additional accu-
mulation of fat with a gynoid-type distribution, 
beyond the increased hip circumference, charac-
teristic of this disease. This causes a reduction 
in the WHR compared to the control (p<0.001). 
Subsequently, with increasing fat mass and in 
conjunction with menopause, it is possible to 
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find a combination of both phenotypes, android 
and gynoid, with both central and peripheral fat 
distribution. To our knowledge, this study is the 
first to approach complex genetic interactions 
in relation to body fat accumulation in patients 
with lipedema. Therefore, genetic studies on 
this disease related to inflammatory process-
es could be useful for defining the lipedema 
phenotype13. The analysis aimed at identifying 
genetic indicators for the differential analysis 
between LIPPY and CTRL groups, and it has 
led to a confirmation of fat distribution in the 
characteristic locations of lipedema. Significant 
values were highlighted in the comparison be-
tween carriers of both groups, but not in the in-
tra-group comparison (Tables III and IV). IL-6 
plays a role in the regulation of body fat. In fact, 
Wallenius et al31 conducted on mice have shown 
that IL 6 deficiencies lead to the onset of obesity 
since related to high levels of leptin. Further-
more, several studies29,42,43 show that IL-6 levels 
are elevated in obesity indicating the presence 
of an inflammatory state, IL-6 is released by 
adipocytes, and in obese subjects high levels 
of IL-6 are evident. Several polymorphisms 
located in the 5’ region of the IL-6 gene have 
been identified, but the majority of studies have 
focused on the G/C substitution at position-174. 
The C allele of rs1800795 involves a lower pro-
duction of interleukin 6 compared to G allele37. 
IL-6 gene polymorphism (rs1800795), influ-
encing IL-6 transcription, is the cause of the 
onset of overweight and increased sensitivity to 
insulin29. Moreover, Di Renzo et al29 analysed 
the role of this polymorphism in Italian women 
with the NWO syndrome and reported that the 
concentration of IL-6 was positively correlated 
with the % of fat mass in the GG genotype and 
negatively correlated in the CC genotype29,42,43.

A typical feature of lipedema is the presence 
of chronic inflammation. For this reason, the IL-
6 gene polymorphism (rs1800795) was chosen. 
In fact, IL-6 is one of the main factors released 
during chronic inflammation. Based on the data 
obtained, significant differences between car-
riers or not of the IL-6 gene polymorphism 
(rs1800795) and fat distribution in women with 
lipedema were found. Moreover, being carrier 
of the mutation increases the risk of developing 
lipedema by 5.92 times (p<0.0001). However, 
these results should be confirmed on a larger 
population of different ethnicity. As reported by 
Sun et al44 pathologic expansion of subcutaneous 
adipose tissue (SAT) is associated with rapid 

growth of fat tissue and inadequate vascular-
ization leading to fibrosis and secretion of high 
levels of inflammatory cytokines43,44. 

Since patients with lipedema suffer of an in-
flammatory state of subcutaneous fat, and due 
to the pro-inflammatory effect of IL-6, a role of 
this cytokine in the disease under consideration 
could be hypothesized. A subsequent analysis 
should be performed to correlate the circulat-
ing IL-6 levels with the anthropometric and 
body composition parameters in LIPPY. It is 
considered a duty of all physicians to recognize 
this condition and adequately meet the needs 
of their patients. These women do not deserve 
to be rejected by medical personnel and sim-
ply stigmatized as “obese”16, but they deserve 
precise diagnostic evaluations and appropriate 
therapeutic interventions.

Conclusions

For the first time, we identified new signifi-
cant indices and predictive parameters based on 
body composition and IL-6 gene polymorphism 
(rs1800795) that could characterize subjects with 
lipedema respect to NWO and obese subjects. We 
believe that leg index, abdominal index, trunk in-
dex, total index to gather with genetic analysis of 
IL-6 gene polymorphism (rs1800795) are promis-
ing clinical tools for the diagnosis of the lipedema 
phenotype and for predicting the evolution of the 
disease.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
The authors thank LIO (Lipedema Italia Onlus) for particip-
iation tot the clinical trial.

Authors’ Contribution
LDR drafted the manuscript, conceived and designed the 
experiments; PG, SZ, GLDS, MM, MGT, performed the 
experiments and collected data; SM, enrolled the LIPPY 
group; MC, collected saliva samples, for genetic analysis; 
LR analysed the data; PG, AC, AP, FF reviewed the text; 
LDR, GM, had primary responsibility for the final content. 
All the authors read and approved the final manuscript. All 
the authors take responsibility for all aspects of the reliabil-
ity and freedom from bias of the data presented and their 
discussed interpretation.



The role of IL-6 gene polymorphisms in the risk of lipedema

3243

References

  1)	 De Lorenzo A, Gratteri S, Gualtieri P, Cammarano A, 
Bertucci P, Di Renzo L. Why primary obesity is a 
disease? J Transl Med 2019; 22: 17: 169. 

  2)	 De Lorenzo A, Romano L, Di Renzo L, Di Lorenzo 
N, Cenname G, Gualtieri P. Obesity: a preventable, 
treatable, but relapsing disease. Nutrition 2019 
17; 71: 110615.

  3)	 De Lorenzo A, Bianchi A, Maroni P, Iannarelli A, Di 
Daniele N, Iacopino L, Di Renzo L. Adiposity rather 
than BMI determines metabolic risk. Int J Cardiol 
2013; 166: 111-117. 

  4)	 De Lorenzo A, Nardi A, Iacopino L, Domino E, Mur-
dolo G, Gavrila C, Minella D, Scapagnini G, Di Ren-
zo L. A new predictive equation for evaluating 
women body fat percentage and obesity-related 
cardiovascular disease risk. J Endocrinol Invest 
2014; 37: 511-524. 

  5)	 De Lorenzo A, Martinoli R, Vaia F, Di Renzo L. Nor-
mal weight obese (NWO) women: an evaluation 
of a candidate new syndrome. Nutr Metab Car-
diovasc Dis 2006; 16: 513-523. 

  6)	 De Lorenzo A, Del Gobbo V, Premrov MG, Bigioni M, 
Galvano F, Di Renzo L. Normal-weight obese syn-
drome: early inflammation? Am J Clin Nutr 2007; 
85: 40-45. 

  7)	 Conus F, Allison DB, Rabasa-Lhoret R, St-Onge M, 
St-Pierre DH, Tremblay-Lebeau A, Poehlman ET. Met-
abolic and behavioral characteristics of metaboli-
cally obese but normal-weight women. J Clin En-
docrinol Metab 2004; 89: 5013-5020. 

  8)	 Eckel N, Mühlenbruch K, Meidtner K, Boeing H, Ste-
fan N, Schulze MB. Characterization of metabol-
ically unhealthy normal-weight individuals: risk 
factors and their associations with type 2 diabe-
tes. Metabolism 2015; 64: 862-871. 

  9)	 Sims EA. Are there persons who are obese, but 
metabolically healthy? Metabolism 2001; 50: 
1499-1504. 

10)	 Yoo HK, Choi EY, Park EW, Cheong YS, Bae RA. 
Comparison of metabolic characteristics of Meta-
bolically Healthy but Obese (MHO) middle-aged 
men according to different criteria. Korean J Fam 
Med 2013; 34: 19-26. 

11)	 Pajunen P, Kotronen A, Korpi-Hyövälti E, 
Keinänen-Kiukaanniemi S, Oksa H, Niskanen L, 
Saaristo T, Saltevo JT, Sundvall J, Vanhala M, 
Uusitupa M, Peltonen M. Metabolically healthy 
and unhealthy obesity phenotypes in the gen-
eral population: the FIN-D2D Survey. BMC Pub-
lic Health 2011; 11: 754. 

12)	 Madeira FB, Silva AA, Veloso HF, Goldani MZ, 
Kac G, Cardoso VC, Bettiol H, Barbieri MA. Nor-
mal weight obesity is associated with metabolic 
syndrome and insulin resistance in young adults 
from a middle-income country. PLoS One 2013; 
8: e60673. 

13)	 Paolacci S, Precone V, Acquaviva F, Chiurazzi P, Ful-
cheri E, Pinelli M, Buffelli F, Michelini S, Herbst KL, 

Unfer V, Bertelli M; GeneOb Project. Genetics of li-
pedema: new perspectives on genetic research 
and molecular diagnoses. Eur Rev Med Pharma-
col Sci 2019; 23: 5581-5594. 

14)	 Szél E, Kemény L, Groma G, Szolnoky G. Pathophys-
iological dilemmas of lipedema. Med Hypotheses 
2014; 83: 599-606. 

15)	 Herbst KL. Rare adipose disorders (RADs) mas-
querading as obesity. Acta Pharmacol Sin 2012; 
33: 155-172. 

16)	 Forner-Cordero I, Szolnoky G, Forner-Cordero A, 
Kemény L. Lipedema: an overview of its clinical 
manifestations, diagnosis and treatment of the 
disproportional fatty deposition syndrome - sys-
tematic review. Clin Obes 2012; 2: 86-95. 

17)	 Schmeller W, Meier-Vollrath I. Tumescent liposuc-
tion: a new and successful therapy for lipedema. 
J Cutan Med Surg 2006; 10: 7-10. 

18)	 Avolio E, Gualtieri P, Romano L, Pecorella C, Ferra-
ro S, Di Renzo L, De Lorenzo A. Obesity and body 
composition in man and woman: associated dis-
eases and new role of gut microbiota. Curr Med 
Chem 2019; 25.

19)	 Buck DW 2nd, Herbst KL. Lipedema: a relative-
ly common disease with extremely common mis-
conceptions. Plast Surg Glob Open 2016; 4: 
e1043. 

20)	 Földi M, Földi E. Földi’s Textbook of Lymphology. 
Elsevier, 2012.

21)	 Pouwels S, Huisman S, Smelt HJM, Said M, Smulders 
JF. Lipoedema in patients after bariatric surgery: 
report of two cases and review of literature. Clin 
Obes 2018; 8: 147-150. 

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

23)	 Wollina U. Microbiome in atopic dermatitis. Clin 
Cosmet Investig Dermatol 2017; 10: 51-56. 

24)	 Romano L, Marchetti M, Gualtieri P, Di Renzo L, 
Belcastro M, De Santis GL, Perrone MA, De Lorenzo 
A. Effects of a personalized VLCKD on body com-
position and resting energy expenditure in the re-
versal of diabetes to prevent complications. Nutri-
ents 2019; 4: 11. 

25)	 Di Renzo L, Gualtieri P, Romano L, Marrone G, Noce 
A, Pujia A, Perrone MA, Aiello V, Colica C, De Lo-
renzo A. Role of personalized nutrition in chron-
ic-degenerative diseases. Nutrients 2019; 24: 11. 

26)	 Alwardat N, Di Renzo L, Alwardat M, Romano L, De 
Santis GL, Gualtieri P, Carrano E, Nocerino P, De Lo-
renzo A. The effect of lipedema on health-related 
quality of life and psychological status: a narrative 
review of the literature. Eat Weight Disord 2019 
May 6. doi: 10.1007/s40519-019-00703-x. [Epub 
ahead of print]

27)	 Wolf J, Rose-John S, Garbers C. Interleukin-6 and 
its receptors: a highly regulated and dynamic sys-
tem. Cytokine 2014; 70: 11-20. 

28)	 De Lorenzo A, Soldati L, Sarlo F, Calvani M, Di Lo-
renzo N, Di Renzo L. New obesity classification 



L. Di Renzo, P. Gualtieri, N. Alwardat, G. De Santis, S. Zomparelli, et al.

3244

criteria as a tool for bariatric surgery indication. 
World J Gastroenterol 2016; 22: 681-703. 

29)	 Di Renzo L, Bertoli A, Bigioni M, Del Gobbo V, Prem-
rov MG, Calabrese V, Di Daniele N, De Lorenzo A. 
Body composition and -174G/C interleukin-6 pro-
moter gene polymorphism: association with pro-
gression of insulin resistance in normal weight 
obese syndrome. Curr Pharm Des 2008; 14: 
2699-2706. 

30)	 Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. 
Inflammation, obesity, stress and coronary heart 
disease: is interleukin-6 the link? Atherosclerosis 
2000; 148: 209-214. 

31)	 Wallenius V, Wallenius K, Ahrén B, Rudling M, Carl-
sten H, Dickson SL, Ohlsson C, Jansson JO. Interleu-
kin-6-deficient mice develop mature-onset obesi-
ty. Nat Med 2002; 8: 75-79. 

32)	 De Lorenzo A, Romano L, Di Renzo L, Gualtieri P, 
Salimei C, Carrano E, Rampello T, de Miranda RC. 
Triponderal mass index rather than body mass 
index: an indicator of high adiposity in Italian 
children and adolescents. Nutrition 2019; 60: 41-
47.

33)	 Colica C, Di Renzo L, Gualtieri P, Romano L, Costa de 
Miranda R, De Lorenzo A, Purificato I. Development 
and cross-validation of predictive equation for es-
timating total body lean in children. Ann Ist Super 
Sanità 2018; 54: 20-27.

34)	 Chomczynski P, Sacchi N. The single-step meth-
od of RNA isolation by acid guanidinium thiocya-
nate-phenol-chloroform extraction: twenty-some-
thing years on. Nat Protoc 2006; 1: 581-585. 

35)	 Mayes JS, Watson GH. Direct effects of sex steroid 
hormones on adipose tissues and obesity. Obes 
Rev 2004; 5: 197-216. 

36)	 Schmeller W. [Letter to the editor to the arti-
cle “Thick legs - not always lipedema” by Re-

ich-Schupke S, Altmeyer P und Stücker M.]. J 
Dtsch Dermatol Ges 2013; 11: 678-679. 

37)	 Shin BW, Sim YJ, Jeong HJ, Kim GC. Lipedema, a ra-
re disease. Ann Rehabil Med 2011; 35: 922-927. 

38)	 Fife CE, Maus EA, Carter MJ. Lipedema: a fre-
quently misdiagnosed and misunderstood fat-
ty deposition syndrome. Adv Skin Wound Care 
2010; 23: 81-92; quiz 93-4. 

39)	 Priglinger E, Schuh CMAP, Steffenhagen C, Wurzer 
C, Maier J, Nuernberger S, Holnthoner W, Fuchs C, 
Suessner S, Rünzler D, Redl H, Wolbank S. Improve-
ment of adipose tissue-derived cells by low-ener-
gy extracorporeal shock wave therapy. Cytother-
apy 2017; 19: 1079-1095. 

40)	 Child AH, Gordon KD, Sharpe P, Brice G, Oster-
gaard P, Jeffery S, Mortimer PS. Lipedema: an in-
herited condition. Am J Med Genet A 2010; 152A: 
970-976. 

41)	 Rietzel R, Reisshauer A, Jahr S, Calafiore D, Arm-
brecht G. Body composition in lipoedema of the 
legs using dual-energy X-ray absorptiometry: a 
case-control study. Br J Dermatol 2015; 173: 594-
596. 

42)	 Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yud-
kin JS, Humphries S, Woo P. The effect of novel 
polymorphisms in the interleukin-6 (IL-6) gene on 
IL-6 transcription and plasma IL-6 levels, and an 
association with systemic-onset juvenile chronic 
arthritis. J Clin Invest 1998; 102: 1369-1376.

43)	 Vettori A, Pompucci G, Paolini B, Del Ciondolo I, 
Bressan S, Dundar M, Kenanoğlu S, Unfer V, Ber-
telli M; Geneob Project. Genetic background, nu-
trition and obesity: a review. Eur Rev Med Phar-
macol Sci 2019; 23: 1751-1761. 

44)	 Sun K, Kusminski CM, Scherer PE. Adipose tissue 
remodeling and obesity. J Clin Invest 2011; 121: 
2094-2101.


