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Giris ve Amac: Adipokinler ve disfonksiyonel yag dokusu arasindaki iliskide subkutan yag dokusundan ziyade
viseral yag dokusundaki degisikliklerin roliine dikkat cekilmistir. Ozellikle cilt alt1 yag dokusunun etkilendigi
lipddemde adipokinler hakkinda bilgi yetersizdir. Bu calismada lipddemli hastalarda adiponektin, ghrelin, resistin ve
visfatin diizeylerinin ve bunlarin yag doku kalinligi ile iliskisinin aragtirilmasi amaglandi. Bu amagla cilt alt1 yag
dokusu kalinlig1 ultrasonografi ile objektif olarak degerlendirildi.
Gereg ve Yontemler: Lipodem tanisi almig toplam 19 kadin hasta ve yas farki olmayan 15 saglikli kadin ¢aligmaya
dahil edildi. Deri ve deri alti yag dokusu kalinliklart ultrasonografik olarak &lgiildii. Tim deneklerin serum
adiponektin, ghrein, resistin ve visfatin seviyeleri sandvi¢ ELISA protokolii kullanilarak 6lgiildd.
Bulgular: Lipédemli hastalarda, uyluk ve baldirda subkutan subkutan doku kalinlig1 ve toplam deri-subkutan kalmlig1
kontrollere kiyasla, uyluktaki deri kalinlig1 disinda 6nemli 6l¢iide artt1 (P<0.000). Lipddemli hastalar ve kontroller
arasinda adiponektin, ghrelin, resistin ve visfatin serum seviyelerinde anlamh fark yoktu (P>0.05). Lipodemli
hastalarda ve kontrollerde ultrason ile adiponektin, ghrelin, resistin ve visfatin ile deri, deri alt1 ve toplam kalinlik
6lglimleri arasinda anlamli bir iliski bulunmadi (P>0.05). Istatistiksel olarak anlaml1 olmasa da detayl incelendiginde
adipokinler ve ultrason 6l¢timleri arasindaki iliskide gruplar arasinda pozitif veya negatif korelasyonlar gzlendi.
Sonug: Bulgularimiza gore, serum adipokin diizeyleri ile deri alti yag dokusu kalinligi arasinda anlamh bir iliski
bulunmamakla birlikte, tamamen ilgisiz olduklari tartigmalidir. Daha genis serilerde yapilacak ¢aligmalar
adipokinlerin cilt alt1 doku kalinlifs ile iliskisine ve ultrasonografinin 6nemine 151k tutacaktir.

Anahtar Kelimeler: Adipositler, Ghrelin, Lipodem.

Abstract
Obijective: Attention has been drawn to the role of visceral adipose tissue changes rather than subcutaneous adipose
tissue the relationship between adipokines and dysfunctional adipose tissue. Especially in lipedema in which
subcutaneous adipose tissue is affected, the information on adipokines is insufficient. In this study, it aimed to
investigate the levels of adiponectin, ghrelin, resistin and visfatin and their relationship with adipose tissue thickness
in patients with lipedema. For this purpose, the thickness of the subcutaneous adipose tissue was objectively evaluated
by ultrasound.
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Materials and Methods: A total of 19 female patients diagnosed with lipedema and 15 healthy women with no age
difference were included in the study. The thickness of the skin and subcutaneous adipose tissue was measured by
ultrasound. The serum levels of adiponectin, ghrein, resistin and visfatin of all subjects were measured using the

sandwich ELISA protocol.

Results: In patients with lipedema, the thickness subcutaneous tissue and thickness of total skin-subcutaneous were
significantly increased at skin the thigh and calf, excluding skin thickness in the thigh, compared to controls (P<0.000).
There was no significant difference in serum levels of adiponectin, ghrelin, resistin and visfatin between patients with
lipedema and controls (P>0.05). No significant correlation was found between adiponectin, ghrelin, resistin and
visfatin and subcutaneous and total thickness measurements by ultrasound in patients with lipedema and controls
(P>0.05). Although not statistically significant, when examined as positive or negative correlations were observed
between the groups in the relationship between adipokines and ultrasound.

Conclusion: According to our findings, although no significant relationship was found between serum levels of
adipokines and subcutaneous adipose tissue thickness, it is controversial that they are completely unrelated. Further
studies in larger series will shed light on the relationship between adipokines and subcutaneous tissue thickness and

the importance of ultrasonography.
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1.Introduction

White adipose tissue, in addition to being a fat reservoir,
is the largest endocrine organ with autocrine, paracrine
and endocrine functions. White adipose tissue can be
grouped into subcutaneous fat and visceral adipose
tissue. Excessive fat accumulation in adipose tissue alters
the repertoire of molecules known as adipose tissue-
specific adipokines. Adipokines have been found to play
an important role in the pathophysiological link between
dysfunctional adipose tissue and cardiometabolic
changes [1-4]. Adipokines can cause appetite and satiety
disturbances, adipocyte tissue distribution, changes in
insulin secretion, insulin sensitivity, energy expenditure,
endothelial function, angiogenesis, inflammation, blood
pressure, and hemostasis.

Epidemiological studies have shown that accumulation
of intra-abdominal (visceral) fat surrounding the
gastrointestinal organs carries a greater cardiovascular
risk than accumulation of subcutaneous fat in the gluteal
region [5, 6]. The enlargement of subcutaneous adipose
tissue does not seem to lead to adverse systemic
consequences such as insulin  resistance and
cardiovascular risk, as in visceral adipose tissue. Despite
central-visceral or ectopic adiposity, gynoid type-
peripheral-subcutaneous adiposity in the hips and thighs
protects against metabolic dysfunction (insulin
resistance, type 2 diabetes, dyslipidemia, etc.) [7].
Significantly, in cases with extensive and distorted fat
deposition in the subcutaneous tissue (multiple
symmetric lipomatosis, lipedema, and Dercum's disease),
the metabolic profile is often healthy. Similarly; diabetes,
lipid profile disorders, cardiovascular disease-
hypertension, and aortic stiffness are also less common
in lipedema, though further research is needed. The
sodium concentration of subcutaneous tissue in female
lipedema patients was shown to be higher in the sodium
MR (magnetic resonance) investigation. The link
between higher sodium content and the risk of
cardiovascular illness was highlighted, and it was
stressed that more research into lipedema is needed [8].
It was aimed to investigate the relationship between
adipokines and subcutaneous adipose tissue thickness in

lipedema, a special clinical picture in which
subcutaneous adipose tissue enlarges. The thickness of
subcutaneous adipose tissue was measured objectively
using ultrasonography for this purpose.

2. Materials And Methods

Female patients aged 18 years and older who applied to
Manisa Celal Bayar Univesity Medical Faculty Hospital
Physical Medicine and Rehabilitation Department
outpatient clinic and were diagnosed with lipedema were
included in the study. The control group consisted of
healthy people who did not differ from the patient group
in terms of age. The study was approved by Manisa Celal
Bayar University Health Sciences Ethics Committee with
the decision numbered 20.478.486/549. Support for the
Scientific Research Project numbered 2020-106 from the
Presidency of Manisa Celal Bayar University was
received for the study. A detailed informed consent form
was obtained from all subjects who agreed to participate
in the study.

For lipedema diagnosis, criterias defined by Wold et al.
[9] and modified criterias (including the formers) defined
by Halk and Damstra in 2017 [10] and listed by Buso et
al. [11] were taken into consideration. In addition, the
criteria used in the diagnosis of lipedema by Naouri [12]
were also evaluated in the diagnosis.

Criterias defined by Wold et al. [9], still presently used
for lipedema diagnosis: almost exclusively in women, it
consists of bilateral symmetrical adipose tissue
accumulation with minimal involvement in the foot,
minimal pitting edema, pain-tenderness and rapid
bruising, weight loss or swelling in the lower extremities
that does not go away despite elevation.

The diagnostic criteria for lipedema were defined by
Halk and Damstra [10] in 2017 and were minimally
modified as a list by Buso et al. [11].

Patient history - Wold criteria

A,; disproportionate fat distribution, fat distribution not
affected by weight loss, extremity pain and bruising,
tenderness to touch or fatigue in the extremity, nonpitting
edema, pain or discomfort not affected by extremity
lifting
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Physical examination

B (lower extremity proximal);
distribution of fat, circumferential
cutaneous fat

C (lower extremity distal); thickening of the proximal
subcutaneous adipose tissue, cuff sign - thinning of the
upper part of the foot with thickening of the distal
subcutaneous adipose tissue

D (arm proximal); significant thickening of the
subcutaneous adipose tissue when compared to the
surrounding area, abrupt incision at the elbow

E (arm distal); thinning on the back of the hand -
thickening of the subcutaneous adipose tissue with cuff
sign

Additional criteria

F; pain on palpation with both hands, distal fat tissue
branches in the knee (popliteus)

Diagnosis; most likely lipedema (A+B) or Cor D or E

If no more than 2 criteria A and E are present, one of the
two criteria in F supports the diagnosis. [11].

Six different criterias were defined by Naouri et al. [12]
for lipedema; family history of lipedema, obesity,
absence of injury to the lower leg, absence of Stemmer's
sign, symmetrical involvement of both lower legs, and
spondent or provoked pain in the legs. Swollen legs and
presence of at least 4 criteria were considered lipedema.
Ultrasonographic criteria for determining the severity of
lipedema were defined by Marschall and Schwahn-
Schreiber [13]. Even if there is proximal lipedema, 6-8
cm above the medial malleolus is indicated as a reliable
reference point for skin and subcutaneous tissue
thickness measurement. 12-15 mm: mild
lipedema/lipohyperplasia; 15-20 mm: moderate; >20
mm: evident; >30 mm were classified as severe
lipedema. In the ultrasonographic diagnosis of lipedema,
cases with a subcutaneous tissue thickness of <1.2 6-8 cm
above the medial malleolus were excluded and their
severity was determined according to the Marschall and
Schwahn-Schreiber criteria [13].

For exclution criteria for lipedema; lack of disproportion
between upper and lower body halves, asymmetry in both
arms/legs, occurrence of fat accumulation in advanced
adulthood independent of hormonal change stages
(pregnancy or menopause), waist-hip ratio >0.85/>1.0 in
females (obesity marker), waist-to-height ratio >0.5 in
those younger than 40 years; between 40-50: 0.5-0.6;
>0.6 in people older than 50 years (obesity marker), in
obese cases, if there is no sign of step on the ankle, there
is no pain with compression in the tissue, there is no
predisposition to hematoma, and subcutaneous tissue
thickness <1.2 mm parameters 6-8 cm above the medial
malleolus in ultrasonography were evaluated [14]. Age,
presence of lipedema in the mother and first-degree
relatives were questioned. From the history to hormonal-
estrogen; phases of hormonal change followed by
lipedema; menarche, pregnancy and menopause) and the
ages of the patients at this stage were questioned. Body
mass index- BMI (height/m2), waist/hip and waist/height
ratio  were calculated from  anthropometric
measurements. The presence of lipolymphedema

disproportionate
thickening of

accompanying lipedema and the severity of pain were
determined with a 10 cm visual analog scale (0 no pain-
10 maximum pain).

Ultrasonographically, skin  and  subcutaneous
measurements were evaluated using Toshiba Aplio 500
ultrasound device and 14 MHz linear high frequency
probe.

In the ultrasonographic examination, the skin and
subcutaneous tissue thickness (mm) was measured from
a total of 8 places on the thigh and calf (internal-outer and
upper-lower) (Picture 1). Measurement of areas scanning
were as follows;

Upper medial thigh: middle of the upper half of the thigh,
immediately anterior to the great saphenous vein

Upper lateral thigh: middle of the upper half of the thigh,
lateral aspect of the quadriceps femoris muscle

Lower medial thigh: middle of the lower half of the thigh,
immediately anterior to the great saphenous vein

Lower lateral thigh: middle of the lower half of the thigh,
lateral aspect of the quadriceps femoris muscle

Upper medial leg: middle of the upper half of the leg,
immediately anterior to the great saphenous vein

Upper lateral leg: middle of the upper half of the leg,
lateral aspect of the tibialis anterior muscle

Lower medial leg: middle of the lower half of the leg,
immediately posterior to the great saphenous vein
Lower lateral leg: middle of the lower half of the leg,
lateral aspect of the tibialis anterior muscle [15,16,17],
(Picture 1).

2.0mm

14.1mm

DistC 1.6mm
DistD LX)

HI20

Figure 1: Skin (A, C) and subcutaneous subcutaneous tissue (B, D)
thicknesses are observed in the upper thigh medial ultrasound image
taken from the middle of the upper half of the thigh and in front of the
great saphenous vein (V) on the right and left sides.

Right and left lower extremities were evaluated separately. The mean
skin, subcutaneous subcutaneous tissue thickness and total thickness
were calculated for the right and left thighs and calves. Calf/thigh ratios
(%) were determined. In addition, the mean values of the right and left
thighs and calves, and the calf/thigh ratio (%) were calculated.

Circumference measurements were made with a
millimeter measuring tape at 3 points above the knee and
3 points below the knee with 10 cm intervals on the right
and left lower extremities [17, 18]. Mean values and
calf/thigh ratios (%) on the right and left were calculated.
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Right and left mean values and mean calf/thigh ratio (%)
were also calculated.

People who had the standards and wanted to participate
in the study were included in the study by signing a
consent form. For our study, 1 cc of blood was taken from
the blood taken during routine practice. The collected
blood was separated into serum and the materials were
stored in the deep milling machine at -80 degrees until
the collection of all blood was finished. Then,
adiponectin (ng/mL), ghrelin (ng/mL), resistin (pg/mL)
and visfatin (ng/mL) levels were measured using
sandwich ELISA protocol.

Statistical analysis of data; data distribution in the
lipedema and control groups was done by Mann Whitney
U and Wilcoxon tests for non-parametric ones using
Microsoft Excel and SPSS 16.  Correlation was
performed to analyze the relationship of continuous
variables. Bivaried Spearman test was used. In terms of
age, the sample was tested with the Kolmogorov Smirnov
test. P: 0.2 was found in Kolmogorov Smirnov test
(P>0.05) and it was determined that it showed normal
distribution in terms of age. Therefore, the T test was
used in the analysis. The number of pregnancies was
analyzed in 2 categories as 2 or less and 3 or more
pregnancies. The severity of lipedema was also
categorized into two groups as mild-moderate and
common-severe. Chi-square test was performed in the
analysis of pregnhancy and lipedema severity. Values with
P<0.05 were considered statistically significant.

3. Results and Discussion

3.1. Results

19 cases diagnosed with lipedema by clinical
examination (age: 51.9 £13.2 years (minimum 19-
maximum- 65)) and 15 healthy controls with no
significant difference in age (age: 44.9+6.3 years
(minimum 36- maximum- 64)) were included (P: 0.06).
Lipedema was accompanied by lymphedema-
lipolymphedema in 5 (26.3%) of 19 patients with a
diagnosis of lipedema. Nearly half of the cases defined a
family history of lipedema (9 cases - 47.3%). As the
initial hormonal stage of lipedema, 12 cases (63.1%) after
pregnancy, 4 (21%) menopause, and 3 (15.7%) puberty
were defined. The mean age of onset of lipedema was
26.7£9.7 (minimum 17- maximum 48 years). Patients
with lipedema defined pain with a mean intensity of
7.0+1.5 cm (minimum 5- maximum 9 cm) according to
the visual analog scale.

According to body mass index, the mean in lipedema was
34.4+7.7 height/m2 (minimum 18.7- 52.7 maximum);
mean height was 25.54+2.7 height/m2 (minimum 21.0-
maximum 32.0) in controls. When grouped as 18.5-24.9
normal, 25-30 overweight, 30-35 type 1 obese and 35-40
type 2 obese according to BMI; patients with lipedema
close to the upper limit type 1 obese, controls were
overweight close to the upper limit of normal and the
difference between them was significant (P: 0.000).
Waist/hip ratio was below the obesity cut-off value of
>0.85 in both groups; although there is no significant
difference in between two groups (P: 0.19), averages in

cases with lipedema (0.77+£0.1(minimum  0.36-
maximum 0.85)) were lower than controls (0.82+0.0
(minimum 0.72- maximum 1.0). There was a significant
difference between the groups in terms of waist/height
ratio, and the values were higher in lipedema (P: 0.02).
However, both lipedema (0.6+0.1 (minimum 0.32-
maximum 0.88)) and control group (0.5+£0.0 (minimum
0.47-maximum 0.79)) were not above the limit values
determined for obesity according to age.
Ultrasonographically, the severity of lipedema; were of
mostly widespread (9 cases- 75%) and moderate (7 cases-
36.8%) severity, mild (2 cases- 10.5%) and severe (one
case-5.2%) were less common.

Table 1 shows the mean skin, subcutaneous and total
thickness values, calf/thigh ratios and P values of the
lipedema cases and controls ultrasonographically on the
right and left sides. Subcutaneous and total thicknesses
were significantly thicker in patients with lipedema
compared to controls (P<0.000). However, in patients
with lipedema, the mean skin thickness on the thigh did
not differ significantly compared to the controls, unlike
the calf (P>0.05). The significant difference detected in
the skin and subcutaneous total value in the thigh was due
to the significant thickening under the skin rather than the
skin thickness. There were significant differences in the
mean values of both sides between the groups in terms of
skin thickness on the calf (P: 0.006). Thickening of the
skin on the calf showed a significant difference with the
controls. There was no significant difference in total skin
and subcutaneous thickness calf/thigh ratios on the right
and left sides and the mean of both sides (P>0.05).
However, the rates were found to be higher in cases with
lipedema.

Significant differences were found between lipedema and
controls in the leg measurement parameters with a
millimeter measuring tape at thigh level compared to calf
level (P<0.01). The mean thigh circumference was
54.3+6.3 cm (minimum 38.8-62.8 maximum) in
lipedema, 48.7+2.9 cm (minimum 45.1- 55.0 maximum)
in controls; P was 0.001. The mean calf circumference
was 31.844.4 cm (minimum 22.4- 38.3 maximum) in
lipedema, 29.5+1.3 cm (minimum 27.1- 32 maximum) in
the control; P was 0.02. Right and left side mean
calf/thigh ratios were 58.5+5.7 cm (minimum 47.7- 70.2
maximum) in lipedema, 60.7+2.5 cm (minimum 55.8-
65.3 maximum) in control; P value was 0.10 and there
was no significant difference between the groups.

In patients with lipedema, no significant
difference was found between the right and left side skin
and subcutaneous total thickness and measure
measurements. The involvement was similar on all sides
(P>0.05). Right-left thigh total skin and subcutaneous
thickness difference P:0.13; right-left calf total skin and
subcutaneous thickness difference P:0.77; right-left
measure measurement of thigh difference P: 0.29, right-
left measure measurement of calf difference P: 0.44. The
cases had similar bilateral thickening, consistent with the
clinical involvement of lipedema.

When the mean skin and subcutaneous total
thickness of the right and left sides, thigh and calf values
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were compared with ultrasound in lipedema, no
significant correlation was found between them (r:
0.43/P: 0.06). On the other hand, a significant correlation

was found between thigh and calf circumferences in
measuring with a measuring tape (r: 0.56/P: 0.01).

Table 1. Right and left side mean skin, subcutaneous and total thicknesses and calf/thigh ratios of the lipedema and

control group

Right + left mean | Right+ left mean control | P value
lipedema
Thigh skin (mm) 1.8+0.4 1.6+0.1 0.08
Mean+SD (Min-Max.) (1.1-3.2) (1.4-1.9)
Thigh subcutaneous(mm) 26.349.3 15.6x1.7 0.001*
Mean+SD (Min-Max.) (9.5-50.2) (13.0-19.4)
Thigh total (mm) 28.549.5 17.2£1.8 0.000**
Mean+SD (Min-Max.) (11.2-52.6) (14.5-21.2)
Calf skin (mm) 1.6+£0.3 1.4+0.1 0.006*
Mean+SD (Min-Max.) (0.8-2.7) (1.2-1.6)
Calf subcutaneous (mm) 17.7+£5.4 9.8+1.5 0.000**
Mean+SD (Min-Max.) (5.3-29.4) (7.3-12.3
Calf total (mm) 19.1£5.3 11.2+1.6 0.000**
Mean+SD (Min-Max.) (7.2-31.0) (8.5-13.7)
Total calf/thigh (%) 70.7+18.7 64.8+6.0 0.23
Mean+SD (Min-Max.) (32.8-110.2) (54.8-76.9)

Table 2. Mean values of adiponectin, ghrelin, resistin
and visfatin in serum of lipedema and control group

Lipedema Control P value
Adiponectin | 10.9+0.49 10.9+0.51 0.61
(ng/mL) (9.7-11.5) (9.9-11.5)
Mean+SD
(Min-Max.)
Ghrelin 6.07+1.4 6.6+0.1 0.40
(ng/mL) (2.7-6.8) (6.3-6.7)
Mean+SD
(Min-Max.)
Resistin 304.1+186.8 | 392+369.3 0.84
(pg/mL) (-24.1- (37.5-
Mean+SD 575.3) 1530.7)
(Min-Max.)
Visfatin 0.16+0.04 0.16£0.05 0.78
(ng/mL) (0.1-0.2) (0.1-0.3)
Mean+SD
(Min-Max.)

In the control group, the mean skin and subcutaneous
total thickness measured by ultrasound in the thigh and
calf showed a significant relationship with each other (r:
0.81/P: 0.000). Similarly, measuring tape measure and
circumference were found to be significantly correlated
with each other between thigh and calf (r: 0.67/P: 0.006).
Mean skin and subcutaneous ultrasound measurements
of the right and left sides of the thigh and calf in patients
with lipedema were compared with each other. There was
no significant relationship between skin and
subcutaneous thickness (r/p >0.05), (thigh; r: 0.33/P: 0.16
and calf; r: 0.03/ P: 0.88). In controls, there was no
difference between skin and subcutaneous ultrasound
measurements in the calf (r/p>0.05), while skin
involvement in the thigh (0.49/ 0.06) was related to
subcutaneous involvement (r/p <0.01), (0.71/0.003).

The severity of lipedema determined by ultrasonography;
analyzed by dividing them into two groups as mild-
moderate and widespread-severe. The mean skin
thickness of the thighs (P<0.05), (P: 0.04) and the
subcutaneous mean of the calves (P<0.05), (P: 0.01) were
significantly different between the two groups. The
increase in thickness was more pronounced in the
extensive and severe group. Calf subcutaneous thickness
measurements showed a more significant increase with
the severity of lipedema.

There was no significant difference between lipedema
cases and controls in terms of adiponectin, ghrelin,
resistin and visfatin values. Although there was no
significant difference between them, the levels of resistin
among the investigated adipokines were found to be
lower in lipedema (Table 2).

No significant correlation was found between
adiponectin, ghrelin, resistin and visfatin and ultrasound
skin, subcutaneous and total skin and subcutaneous
thickness measurements in patients with lipedema.
Although not statistically significant in patients with
lipedema, negative correlations were found with
adipokine, ghrelin and visfatin in all measurements and
all regions (Table 3). On the other hand, positive
correlations were found with resistin in all measurements
and all regions, although it was not significant in patients
with lipedema (Table 3). Although it is not significant in
cases with lipedema, it can be said that adiponectin,
ghrelin and visfatin decrease as the skin, subcutaneous
and total thickness increases, while resistin increases.
No correlation was found between adiponectin, ghrelin,
resistin ultrasound skin, subcutaneous and total skin and
subcutaneous thickness measurements in controls. In the
control group, adiponectin was negatively correlated
with the mean calf skin thickness on both sides (Table 3).
Right and left side mean values of calf skin thickness
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were negatively correlated with adiponectin. Apart from
this, although all measurements and regions were not
significant, they showed a positive correlation in contrast
to lipedema. The mean skin thickness on both sides of the
thigh and calf was negatively correlated with ghrelin
(Table 3). Apart from this, all regions and measurements
were positively correlated. Resistin showed a negative
correlation with the mean skin thickness of both calves.
Apart from this, all regions and measurements were
positively correlated. As a result, adiponectin, ghrelin
and resistin showed a negative correlation with the mean
skin thickness of the calves, similar to each other. Unlike
lipedema, adiponectin and ghrelin were mostly positively
correlated. As adiponectin and ghrelin increased,
subcutaneous thickness and total thickness were
increasing positively rather than skin thickness. On the
contrary, in cases with lipedema, adipokine and ghrelin
tended to decrease as skin, subcutaneous and total
thickness increased. Resistin showed mostly positive
associations in lipedema and controls. A negative
correlation was found between visfatin and mean
subcutaneous and  cutaneous-subcutaneous  total
thicknesses of both calves (Table 3). All measurements,
especially in the thigh, showed a positive correlation with
visfatin. Visfatin, like adiponectin, ghrelin and resistin,
also showed negative associations in the calf, but this

association was with subcutaneous thickness as opposed
to skin thickness. While visfatin showed a negative
relationship in lipedema, it showed a negative
relationship with the calf and subcutaneous and total
thickness in the controls. Visfatin showed significant
dissociation between lipedema and controls, although not
statistically significant. In contrast to lipedema in
controls, the relationship between mean skin,
subcutaneous and total thickness of the thighs and
visfatin was positive (Table 3). Similar dissociation was
observed in adipokine, adiponectin and visfatin
correlated inversely (lipedema-negative vs. control-
positive) with mean thickness measurements on both
sides of the thigh in lipedema and controls. Although
there was no statistically significant difference, there
were different negative/positive relationships between
skin-subcutaneous and total measurements in lipedema
and controls, especially in adipokine and visfatin, and in
ghrelin (Table 3).

In lipedema, no correlation was found between the
measurement of thigh and calf circumference with a
measuring tape and adiponectin, ghrelin, resistin and
visfatin. Although there was no significant difference
between adiponectin, ghrelin and visfatin, mean
circumference measurements were negative; positive
relations were found with resistin (Table 3).

Table 3. The relationships between the mean values of adiponectin, ghrelin resistin and visfatin in serum of the
lipedema and control groups and the mean values of ultrasound and circumference measurements (r/p)

Lipedema Adiponectin (ng/mL) Ghrelin (ng/mL) | Resistin Visfatin (ng/mL)
(pg/mL)
Thigh (mm)
Skin -0.21/0.37 -0.30/0.19 0.18/0.43 -0.02/0.91
Subcutaneous -0.24/0.30 -0.29/0.21 0.05/0.83 -0.05/0.82
Total thickness -0.24/0.30 -0.40/0.08 0.12/0.60 -0.009/0.97
Calf (mm)
Skin -0.05/0.82 -0.28/0.24 0.26/0.27 -0.14/0.54
Subcutaneous -0.42/0.07 -0.35/0.13 0.43/0.06 -0.03/0.90
Total thickness -0.29/0.21 -0.20/0.40 0.38/0.10 -0.13/0.58
Thigh/calf(%) -0.06/0.78 0.30/0.21 0.09/0.70 -0.19/0.42
Thigh (cm) -0.39/0.09 -0.35/0.13 0.16/0.50 -0.09/0.69
circumference ' ' ' ' ' ' ' '
Calf (cm) circumference -0.36/0.12 -0.27/0.25 0.13/0.57 -0.06/0.80
Control
Thigh (mm)
Skin 0.01/0.95 -0.03/0.89 0.06/0.81 0.16/0.55
Subcutanenous 0.28/0.29 0.24/0.37 0.27/0.31 0.11/0.69
Total thickness 0.31/0.26 0.28/0.30 0.28/0.30 0.06/0.81
Calf (mm)
Skin -0.08/0.76 -0.07/0.80 -0.009/0.97 0.31/0.24
Subcutaneous 0.31/0.24 0.14/0.61 0.07/0.78 -0.10/0.71
Total thickness 0.30/0.26 0.13/0.63 0.09/0.74 -0.09/0.74
Calf/Thigh(%) 0.25/0.36 -0.12/0.65 -0.06/0.82 -0.03/0.90
Thigh (cm) circumference | g 520,41 -0.04/0.86 0.02/0.91 -0.03/0.88
Calf (cm) circumference | -0.26/0.34 0.13/0.62 -0.37/0.16 -0.42/0.11

In the controls, no correlation was found between the
measurement of thigh and calf circumference with a
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measuring tape and adiponectin, ghrelin, resistin and
visfatin. Although not statistically significant, the
associations with circumference measurements in
adipokine and visfatin in controls were negative as in
lipedema. Although the relationships between the mean
circumference of both thighs and between ghrelin and
resistin were determined as in lipedema, it was found in
the opposite direction of lipedema in the calf (Table 3).
There was no significant difference between the groups
in terms of severity of lipedema (mild-moderate and
widespread-severe) and adipokines (P: adiponectin 0.46;
ghrelin 0.87; resistin 0.14 ve visfatin 0.68; >0.05).
Although there was no significant difference between
patients with lipedema, pain was defined more frequently
in patients with widespread-severe (7.6£1.5) compared to
mild-moderate (6.4+1.5).

3.2.Discussion

In our cases, subcutaneous and total skin-subcutaneous
thickness values were found to be significantly increased
in the thigh and calf, excluding skin thickness in the
thigh, compared to the controls. In other words, skin
thickness in the thigh (mean of both sides) in lipedema
cases did not differ significantly compared to the
controls, unlike the calf (P>0.05). There were significant
differences in the mean values of both sides between the
groups in terms of skin thickness on the calf (P: 0.002 and
P: 0.006). The significant difference detected in the skin
and subcutaneous total value in the thigh was due to the
significant thickening under the skin rather than the skin
thickness. The fact that the thickening of the skin and
subcutaneous total value in the thigh is more pronounced
in lipedema compared to the controls can be explained by
the fact that the subcutaneous rather than the skin
involvement is more in the thigh. In lipedema, thickening
is more prominent in the subcutaneous subcutaneous
tissue rather than the skin, and this difference in
involvement occurs in the thigh, not the calf. The
difference in tape measurements between the groups was
found in the thigh, not the calf. Ultrasonography reveals
the thickening that is more prominent in the thigh in
lipedema, beyond the tape measurement; showed the
difference in skin and subcutaneous tissue. Tape
measurements do not show tissue properties compared to
ultrasonography, they evaluate all tissue components of
skin, subcutaneous, muscle and bone in full thickness.
No significant correlation was found between thigh and
calf values in skin and subcutaneous total thicknesses
with ultrasound in lipedema. On the other hand, a
significant relationship was found between thigh and calf
circumferences in measuring with a measuring tape. In
lipedema, the total skin and subcutaneous thickness
measured by ultrasound in the thigh is unrelated to the
thickness in the calf, and the difference in lipedema-
specific involvement was reflected in the ultrasound
measurements. However, tape measurements could not
show the difference in thigh and calf involvement in
lipedema. The fact that ultrasound provides a more
precise and detailed evaluation and its superiority over
relatively coarse tape measurement can be effective in the
inconsistency between them. All tissue components

(skin, subcutaneous, muscle and bone) in the extremity
are included in tape measurement. In contrast, ultrasound
provides the opportunity to evaluate only the
subcutaneous tissue that is expected to be affected in
lipedema. In our findings, there was no significant
difference in thigh skin thickness compared to the control
group. The difference in skin and subcutaneous
involvement was observed in the thigh, as opposed to the
calf, when compared to the controls. In the control group,
the skin and subcutaneous total thickness measured by
ultrasound in the thigh and calf showed a significant
relationship with each other. Similarly, a significant
correlation was found between circumference of the
thigh and calf measured with measuring tape. Contrary to
lipedema, in controls if there is an increase in the total
thickness of the skin and subcutaneous tissue in the thigh
or an enlargement in the circumference, it also occurs in
the calf.

No significant correlation was found between the mean
skin and subcutaneous ultrasound measurements of the
right and left sides of the thigh and calf in patients with
lipedema. In controls, there was no difference between
skin and subcutaneous ultrasound measurements on the
calf, while skin involvement in the thigh was found to be
related to subcutaneous involvement (r/p <0.01),
(0.71/0.003). The findings showed that the skin and
subcutaneous involvement were independent of each
other in lipedema in contrast to the controls. In controls
without lipedema, the thickening of the skin is
compatible with the subcutaneous tissue.

There is insufficient data in the literature comparing the
cutaneous and subcutaneous ultrasonographic features
with those of healthy controls in patients with lipedema.
Studies have mostly been done in cases with
lymphedema including lipedema.

Skin ultrasonography is a useful imaging technique in
distinguishing between lipedema and lymphedema and
showing tissue features of involvement [19]. The first
study in which computer-assisted ultrasonographic
measurement was performed for the differential
diagnosis of lymphedema and lipedema was performed
in a limited number of around 10 cases in 2019 [19].
Dermal and subcutaneous tissue thickness measurement
and echogenicity in lymphedema, lipedema and controls
were analyzed by software Imagel. As a result,
lymphedema causes an increase in total skin thickness
and dermal hypoechogenicity, especially in the distal
(ankle and calf). It affects the dermis more. Lipedema, on
the other hand, causes a significant increase in the
subcutaneous tissue in the thigh, and hypoechoicity in the
distal (ankle and calf). Lipedema mostly involves the
subcutaneous tissue. Hypoechogenicity occurs especially
in the distal both of them while dermal tissue in
lymphedema, subcutaneous tissue in lipedema [19]. Our
findings also support the results of this study.

Naouri et al. [12] examined dermal edema and the
difference between lymphedema and lipedema in cases
with high frequency ultrasound imaging (20 MHz). As a
result, while dermal thickness and echogenicity are
normal in lipedema, it increases and echogenicity
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decreases in lymphedema. They concluded that the
hypodermal tissue is increasing in lipedema without true
dermal edema. As a matter of fact, Iker et al. [19] showed
that lipedema mostly affects the subcutaneous tissue. Our
findings showed that lipedema causes thickening of the
subcutaneous tissue, especially in the thigh and in
contrast to the skin. Skin-subcutaneous echogenicity was
not examined in our study.

In our cases, there was no significant difference between
right and left side ultrasound and tape measurement,
supporting the symmetrical effect of lipedema on the
lower extremities. In addition to clinical diagnostic
parameters, especially ultrasonographic cutaneous and
subcutaneous involvements strengthened the diagnosis of
lipedema in our cases and eliminated the diagnostic
complexity of accompanying obesity.

There was no significant difference between lipedema
cases and controls in terms of adiponectin, ghrelin,
resistin and visfatin values. Adipokines, except resistin,
were found at similar levels with healthy controls. Our
findings can be interpreted in two ways. First, there may
not be a significant change in serum levels of metabolites
secreted from adipose tissue or affecting adipose tissue
such as ghrelin in lipedema. In this respect, by looking at
serum levels, metabolic properties of lipedema and
subcutaneous adipose tissue may be different and
specific from other adipose tissue disorders.

The second interpretation of our findings can be made
that although lipedema is a specific disorder in adipose
tissue, dysfunctional adipose tissue enlargement is not
reflected in serum levels of metabolites. In this context,
the different perspective that ultrasonographic evaluation
brings to the findings can be discussed. No significant
correlation was found between adiponectin, ghrelin,
resistin and visfatin and ultrasound skin, subcutaneous
and total cutaneous-subcutaneous thickness
measurement in patients with lipedema. Although not
statistically significant in patients with lipedema, all
measurements and relationships found in all regions were
negative with adiponectin, ghrelin and visfatin, and
positive with resistin. Although it is not significant in
cases with lipedema, it can be said that adiponectin,
ghrelin and visfatin decrease as the skin, subcutaneous
and total thickness increases, while resistin increases.
Studies investigating the relationship  between
ultrasonographically measured body fat and adipokines
are insufficient in the literature. There is only one animal
study on this subject in pony mares. In this study,
subcutaneous subcutaneous fat thickness was measured
monthly ultrasonographically from the shoulder, dorso-
lumbar, and rump-gleteal regions in animals fed during
april- october. Adipokines leptin, adiponectin, visfatin
and resistin levels were also evaluated monthly. During
the follow-up, the body did not increase significantly, but
subcutaneous fat thickness increased significantly at all
measured levels. While adipose tissue expression and
plasma levels increased significantly in leptin and
resistin, adiponectin decreased significantly and visfatin
did not change. In the lumbar region and rump-gluteal
ultrasound measurements, negative correlations with

adiponectin and positive correlations with resistin and
leptin were determined (P<0.001).

Visfatin was found to be the least relevant with
subcutaneous adipose tissue. They found a negative,
borderline significant relationship with visfatin only in
the lumbar (P<0.04), and a negative insignificant
relationship in other regions [20]. Although the results of
our study were not statistically significant, they was in
similar direction with the findings of the animal study by
Staub et al. [20]. Adiponectin and visfatin were found
negatively correlated as resistin was positively
correlated. As subcutaneous adipose tissue thickness
increases, adiponectin and visfatin tend to decrease and
resistin to increase. As a result, although there was no
statistically significant difference, there were divergent
relationships in positive or negative directions between
especially in adiponectin and visfatin levels and
cutaneous-subcutaneous and total thickness
measurements of lipedema and controls. It was suggested
that the relationship between subcutaneous tissue
thickness and adipokines was different from each other
in lipedema and controls. The small number of our cases
may be a factor in our inability to find statistically
significant relationships and differences. Similar to our
lipedema cases, findings of Staub ve ark. [20] in
subcutaneous tissue thickness in the lumbar and rump-
gluteal region and adiponectin, resistin and visfatin
relationship did not overlaped with findings of their
control group. Subcutaneous adipose tissue is mainly
deposited in the femero-gluteal region, back, and
abdominal wall [21]. Subcutaneous tissue and adipokines
seem to differ from healthy controls in patients with
lipedema. Although there was no significant difference
between them and controls, resistin was found to be
lower in patients with lipedema, while other adipokines
were almost the same. Ultrasonographically measured
skin-subcutaneous thickness might provide clues about
adipokines, but studies with larger patient series are
needed to clarify this relationship.

Thigh circumference measurements did not show
divergent findings especially in adiponectin and visfatin
as in ultrasonographic measurements. This may be
related to the rougher assessment of tape measure
measurements.

4. Conclusion

Compared to the controls, changes in the skin and
subcutaneous tissue thickness specific to lipedema,
especially in the subcutaneous tissue, were objectively
demonstrated by ultrasonography. There was no
statistically significant difference between lipedema
cases and controls in terms of adipose tissue metabolites.
Our finding can be interpreted that subcutaneous adipose
tissue metabolites in lipedema differ from obesity in
particular and show specificity in the light of general
information. No statistically significant correlation was
found between subcutaneous tissue thickness and
adipose tissue metabolites. However, considering the
findings of the lipedema and control groups, divergent
relationships with negative/positive tendencies were
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detected. Contrary to popular belief, not only visceral but
also subcutaneous adipose tissue might affect
metabolism. A mutual interaction between adipokines
and subcutaneous adipose tissue may be involved in the
etiopathogenesis of lipedema. However, in our study, the
serum level of dysfunctional subcutaneous adipose tissue
metabolites might not have been adequately reflected in
ultrasonographic measurements of lipedema cases. The
relatively low number of cases may also be a factor
affecting our findings. Although white subcutaneous
adipose tissue expresses molecules that trigger endocrine
function, further studies are still needed to understand the
interactions between hundreds of molecules produced in
this tissue. Studies in larger case series will more clearly
demonstrate the superiority of ultrasonographic
examination in demonstrating fat tissue metabolism.
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