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Introduction

According to International Society of Aesthetic Plastic 
Surgery liposuction was the second most frequently 
performed aesthetic operation in 2013. As with any 
surgery liposuction carries risks, however, in recent 
years, improved techniques have made liposuction 
safer, easier, and less painful. Thus, any intervention 
that immediately decreases adiposity and is relatively 
safe could be a viable method not only for aesthetic 
purpose but also for increasing the efficiency of insulin 
and improving metabolic profile, especially when com-
bined with regular exercise and proper diet. Beneficial 
change in adipose tissue metabolism may be achieved 
directly or indirectly by modified release of metaboli-
cally active hormones/adipokines, modulated response 
to these hormones or by increased activity of sym-
pathetic afferents to the fat cell. This paper presents 

the current state of knowledge on liposuction-induced 
metabolic changes with regard to release of major adi-
pokines.

Types, distribution and function  
of adipose tissue 

Adipose tissue is a metabolically active organ involved 
in multiple functions. It serves as a buffer against influx 
of dietary fat and energy depot, plays role in the pro-
cesses of satiety control, thermoregulation, reproduc-
tion, and exhibits immunomodulatory and endocrine 
activities. As an endocrine organ adipose tissue secretes 
hormonally active factors including leptin, adiponectin, 
resistin, visfatin, interleukin 6 (IL6), tumor necrosis fac-
tor (TNF), and many others, and plays role in hormonal 
metabolism of sex hormones and glucocorticoids [1]. 
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The division of adipose tissue into two main types, 
white and brown, reflects functional and anatomical 
differences. White adipose tissue (WAT) is localized 
under skin and is designed for energy storage whereas 
brown adipose tissue (BAT) is present around kidneys, 
adrenals, aorta, and within mediastinum and neck. BAT 
plays role in secretion of inflammatory mediators, dissi-
pates energy and generates heat. Energetic utilization 
of fats is regulated by beta-3 adrenergic receptors acti-
vation and/or in the mechanism of postprandial ther-
mogenesis, which is due to leptin activity and signals 
from ventromedial hypothalamus in response to post-
prandial levels of glucose and insulin. Depending on 
body’s demands, white adipose tissue acts as a potent 
buffer maintaining constant level of fatty acids in the 
circulation by storing lipids in the form of triglycerides 
and esterified form of cholesterol, and also releasing 
free fatty acids. WAT is also the major site of leptin and 
adiponectin production. [2]. The most important local-
izations of WAT are visceral abdominal tissue (VAT), 
subcutaneous abdominal tissue (SAT) and femoral and 
gluteal subcutaneous regions. Different anatomic dis-
tribution of WAT is related with different function, met-
abolic and endocrine activity. 2/3 of WAT is present 
in SAT, while the rest is found around viscera, in the 
retroperitoneal and gonadal depots, in the mammary 
glands, liver and skeletal muscles. 

Abdominal obesity, also known as a central obesity, 
results from accumulation of fat in both SAT and VAT 
and serves as a risk factor for insulin resistance, which 
in turn favors development of diabetes type II, dyslipi-
demia, arteriosclerosis and chronic inflammation with 
inflammatory cytokines production (eg. TNF alpha, 
IL6, IL1) and inhibition of anti-inflammatory cytokines 
release (eg. adiponectin, IL10) [3]. The expression and 
secretion of adipokines in adipose tissue vary accord-
ing to the adipocyte size and number and to the adi-
pose tissue depot. For example, adiponectin and leptin 
expression and secretion are higher in SAT contain-
ing larger adipocytes as compared with VAT [4]. Until 
recently the ideas presenting relationship of regional 
adiposity with insulin senisitivity/resistance were not 
consistent and studies differed in the assessment of the 
importance of WAT and BAT. Some studies have sug-
gested that the majority of metabolic activity in the 
adipose tissue belongs to WAT which is the most criti-
cal determinant of insulin sensitivity [5], whereas oth-
ers have indicated the dominant role of BAT [6, 7]. 

The lack of consistent findings is probably attrib-
uted to the use of different methodologies (eg. differ-
ent type of liposuction procedure), small number of 

subjects, not homogenous study groups, differences 
in patient’s lifestyle (exercise, diet), difficulties in main-
taining stable body mass, and low sensitivity of an 
examination. At the moment, most authors agree that 
there is a positive correlation between accumulation of 
VAT and development of insulin resistance, while SAT 
determines leptin secretion which indirectly reflects the 
level of insulin sensitivity in the body [8]. 

Liposuction procedure, metabolic 
change and maintenance of body 
weight after surgery 

Classic liposuction also known as suction-assisted lipo-
suction (SAL) uses aspiration techniques to break down 
and draw the fat cells out of the body. In this method 
small cannula is inserted through a small incision and 
attached to a vacuum device. There are many different 
types of liposuction according to the volume of infil-
tration or wetting solution injected before the surgery: 
dry, wet, superwet and tumescent technique. Moreover, 
the surgery could be modified by the new technologies 
such as power assisted liposuction (PAL), ultrasound 
assisted liposuction (UAL) and laser assisted liposuction 
(LAL). According to the volume of solution aspirated 
liposuction could be divided into two categories: large 
volume liposuction (> 5 liters aspirated) and small vol-
ume liposuction (< 5 liters aspirated). The most popu-
lar liposuction types are tumescent and superwet tech-
niques with minimal risk of bleeding complications and 
small volume fluid infusions during surgery. Tumes-
cent liposuction is performed under local anesthesia 
after subcutaneous infusion of fluid (most commonly 
containing saline, lidocaine, and epinephrine, with or 
without sodium bicarbonate) in a ratio of 2–3 mL of 
infiltrate to 1 ml of aspirate; the endpoint of infiltra-
tion is tissue turgor [9]. For the best results liposuction 
candidates should be healthy and physically fit and not 
more than 20 pounds overweight, their skin should be 
firm and elastic. The major contraindications include 
and are not limited to: severe cardiovascular disease, 
severe coagulation disorders, pregnancy or less than 
6 months post-partum, eating disorders, psychiatric 
problems, morbid obesity, serious life stress within last 
6 months [10]. The indications and contraindications 
for liposuction summarizes Table 1.

Liposuction surgically removes only SAT and has 
almost no effect on VAT depots. Up to 50% of SAT is 
localized in the deep layer and, during abdominal lipo-
suction, this is the predominant removed tissue. Some 
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authors suggest that deep layers of SAT are function-
ally similar to VAT and the amount of deep subcuta-
neous abdominal adipose tissue is strongly related to 
insulin resistance in a manner nearly identical to that 
of visceral adiposity [11, 12]. The assessment whether 
liposuction is successful in a longitudinal weight man-
agement is the first step toward potential metabolic 
benefit analysis. In 2001 Commons et al. reviewed 631 
cases of liposuction that was performed in the same 
hospital by the same surgeon over 12 years, with an 
average follow up 1 year. More than 80% of patients 
maintained stable body weight within 12 months 
from surgical procedure [13]. Contrary to this report, 
there are studies describing rebuilding of removed fat 
and its redistribution to the abdominal and visceral 
regions with negative impact on metabolic param-
eters and risk factors for coronary artery disease. In 
prospective analysis of fat distribution Hernandez et 
al. observed an initial decrease in abdominal SAT (6 
weeks after liposuction) with subsequent significant 
increase in SAT and WAT after 1 year from surgery. 
Tested metabolic variables (serum adiponectin, free 
fatty acids, glucose, insulin, triglycerides, sensitiv-
ity to insulin) were not significantly changed except 
an initial drop in leptin level, which after 12 months 
returned to its basic concentrations. This study, how-
ever, was conducted on small study group (n = 14) 
and the type of surgery was small-volume liposuction 
(less than 5L of aspirate) [14].

It has been documented that large volume lipo-
suction enhances insulin sensitivity markedly, lowers 
insulinemia and additionally reduces circulating mark-
ers of vascular inflammation [15]. The beneficial effect 

on insulin sensitivity persists over months from surgery 
[16, 17]. 

The number of study participants is one of the 
major determinants for statistical power and sensitivity 
of analysis. In a large clinical study (123 obese women) 
D’Andrea et al. observed positive metabolic changes 
after 21 and 90 days from large volume liposuction. 
They noted significantly improved insulin sensitivity, 
resting metabolic rate, serum adipocytokines, and level 
of inflammatory markers. The changes were correlated 
with the decrease in fat mass and waist-hip ratio and 
remained relatively stable [18]. Rizzo et al. evaluated 
the effects of dermolipectomy after 40 days from the 
surgery. They found significant decline in plasma resis-
tin, and inflammatory markers (IL6, IL10, TNF) and an 
increase in plasma adiponectin. Moreover, observed 
metabolic changes were accompanied by an improve-
ment in insulin-mediated glucose uptake, substrate oxi-
dation and degree of inflammation [19]. 

Contrary to these findings, a number of studies 
reported no, or even diverse effects of liposuction on 
metabolic profile. They underlined that only negative 
energy balance induced by diet and/or exercise, not 
simply a decrease in the mass of adipose tissue, is criti-
cal for achieving the metabolic benefits of weight loss. 
Weight loss in response to energy deficit decreases VAT 
mass, production of proinflammatory cytokines, size of 
adipocytes, helps to reduce intrahepatic and myocellu-
lar fat, and undoubtedly, these changes bring signifi-
cant improvement in most of the metabolic parameters 
[20]. In addition, some authors report post-liposuction 
adipose tissue regain and redistribution, preferentially 
in the abdominal regions of VAT, after months from the 

Table 1. General indications and contraindications for liposuction

Indications Absolute contraindications Relative contraindications
Aesthetic indications; reduced body mass Psychiatric diseases; eating disorders Previous liposuction complications

Multiple systemic lipomatosis Morbid obesity
Some medications which cannot  

or will not be stopped
Dercum’s disease Unrealistic expectations Previous liposuction in areas "of interest"
Lipomas Ucontrolled drug or alcohol addiction Lifestyles which cannot or will not be changed

Chronic Lymphedema
Use of some specific medications, which cannot be 

stopped
More than 50 pounds weight  

loss during last year
Axillary hyperhidrosis Pregnancy or less than 6 months post-partum period Excessive smoking or alcohol use
Post-ablative surgery Immunosuppressive therapy (steroids) Some psychiatric and/or social problems
Gynecomasty Anticoagulant therapy 

Major surgery and/or general anesthesia within last 
6 months

Stroke or heart attack within last 6 months
Allergy to lidocaine 

Serious life stress within last 6 months
Uncontrolled diabetes
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surgery. This, in turn, may possibly result in consequenc-
es of metabolic dysregulation after surgery [14, 21].

For better understanding of the metabolic altera-
tions after liposuction a number of studies determined 
its effect on major adipokines: adiponectin, leptin and 
resistin. These adipose tissue derived hormones are 
involved in maintenance of metabolic homeostasis 
(Table 2).

Adiponectin 

Adiponectin is a hormone/cytokine primarily produced 
in the WAT. Changes in its serum concentration are 
associated with metabolic profile and risk factors for 
cardiovascular disorders. Serum level of adiponectin 
is reversibly correlated to BMI, insulinemia and trig-
lycerides. The number of studies have shown that adi-
ponectin increases insulin sensitivity via enhancement 
of fatty acids oxidation and inhibition of hepatic glu-
coneogenesis, and exhibits anti-inflammatory and anti-
atherogenic activity in blood vessels [22, 23]. There 
are three forms of this hormone: LMW (low molecular 
weight), MMW (middle molecular weight), and HMW 
(high molecular weight). It has been shown that antidi-
abetic and antiatherogenic properties of adiponectin 
are related to HMW activity [24, 25]. 

A number of authors demonstrated that surgical 
removal of fat improves metabolic parameters like insu-
lin sensitivity, and increases adiponectin secretion [18, 
26]. As reported by Giugliano et al., super wet tech-
nique of liposuction was associated with improvement 
in insulin sensitivity measured by HOMA-IR (Homeosta-
sis Model Assessment - Insulin Resistance), reduction in 
circulating markers of vascular inflammation (IL6, IL18, 
TNF alfa, CRP), and elevated serum adiponectin with-
in six months of stable body weight after liposuction. 
Moreover, there was a positive correlation between the 

amount of fat aspirate and adiponectin and changes in 
HOMA [27]. Similar findings were described by Maher 
et al. after 12 weeks of observation. Using tumescent 
technique and aspirating more than 5L of fat they not-
ed that insulin sensitivity has greatly improved in obese 
women with and without coexisting diabetes. The level 
of adiponectin was increased in both groups, but not 
significantly in patients without diabetes [28]. It has 
been shown that weight reduction increases adiponec-
tin plasma level. Thus, after liposuction an inhibitory 
effect of obesity on its production is possibly “turned 
off” [26]. On the other hand, there are negative stud-
ies that deny the existence of metabolic benefits and 
elevated adiponectin levels in response to liposuction. 
They underline that regulation of adipokine production 
is multifactorial in response to negative energetic bal-
ance that could be induced by exercise and/or dietary 
restriction only. Physical effort as a nonpharmacologi-
cal and nonsurgical intervention evidently reduces 
VAT level, even if body mass has not been decreased 
so markedly [20, 29]. Decreased size of adipocytes 
decreases leptin release, which is a well known factor 
inhibiting adiponectin production, the other mecha-
nisms involve improvement in BAT blood flow, anti-
oxidant effects, and high catecholamine level [30]. 
Most recent data indicate that irrespectively of exercise 
training small-volume liposuction down regulates the 
expression of adiponectin genes in SAT and its serum 
level [31]. To clarify these discrepancies, however, fur-
ther studies performed on large population cohorts 
and including mechanistic insights are required. 

Leptin

Leptin is a hormone secreted primarily by WAT. It acts 
as a satiety factor in signaling whole body energy bal-
ance. High levels of circulating leptin signal adequate 

Table 2. General metabolic activities of adiponectin, leptin and resistin in humans

Hormone Site of production Metabolic activity

Adiponectin white adipose tissue

increases fatty acids oxidation –
inhibits hepatic gluconeogenesis –
increases insulin sensitivity and glucose uptake  –
has anti-inflammatory and anti-atherogenic activity –

Leptin
white adipose tissue, brown adipose tissue, 

stomach, placenta, skeletal muscle

inhibits appetite and enhances thermogenesis –
stimulates sympathetic activity increasing rate of metabolism –
inhibits insulin secretion –
increases insulin sensitivity –
increases lipolysis –
decreases hepatocyte lipogenesis preventing from lipotoxicity –

Resistin
mononuclear blood cells, white adipose tissue, 

skeletal muscle, pancreas

pro-inflammatory molecule –
mediates insulin resistance –
other metabolic functions are still unclear –
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energy stores whereas low levels are consistent with an 
energy deficit. At the hypothalamic level leptin inhib-
its appetite and enhances thermogenesis by decreas-
ing the activity of orexigenic neurons (Npy/AgRP/
GABA containing neurons) and increasing the activity 
of the anorexigenic neurons (POMC/CART containing 
neurons). Leptin, through its central activity, favors 
catabolism in BAT which is partially a consequence of 
its stimulatory effect on sympathetic nervous system 
[32]. Barzilai et al. showed that peripheral leptin stim-
ulates its receptors in VAT and selectively decreases 
visceral adiposity preventing from development of an 
insulin resistance [33]. The current data clearly indicate 
counterregulation of insulin by leptin through inhibi-
tion of insulin secretion, increase in hepatic insulin 
extraction, suppression of insulin lipogenesis by lep-
tin lipolysis, and modulation of peripheral tissue and 
brain sensitivity to insulin action [34, 35]. Decreasing 
hepatocyte lipogenesis leptin prevents development 
of lipotoxicity, the condition which often contributes 
to the insulin resistance. Leptin-mediated inhibitory 
feedback on insulin secretion is related with decrease 
in adipogenesis and parallel increase in overall insu-
lin sensitivity. The direct stimulatory effect of leptin 
on glucose uptake and increased insulin sensitivity is 
limited to muscle, because prolonged exposure of adi-
pocytes to leptin results in a loss of insulin sensitivi-
ty and an inhibition of insulin stimulated lipogenesis. 
[36, 37]. The reciprocal effects on synthesis of leptin 
and insulin are regulated by complex mechanisms that 
occur within adiopoinsular axis. Both insulin and glu-
cose increase the synthesis of leptin, while leptin alone 
acts as a potent inhibitor for insulin secretion prevent-
ing occurrence of hyperinsulinemia and lipotoxicity. On 
the other hand, hyperinsulinemia interferes with leptin 
signaling at the peripheral receptor level and facilitates 
leptin resistance [38].

Normally leptin concentrations tend to increase with 
increasing adiposity, however, in obese individuals this 
interaction is somehow inhibited and leptin resistance 
develops [39]. As suggested by authors, this resistance 
abolishes only selected actions of leptin. Enriori et al. 
demonstrated that although hyperleptinemia in obese 
subjects was linked with resistance to anorexigenic 
effects of leptin, the ability to activate dorsomedial 
nucleus of hypothalamus and sympathetic drive to BAT 
was sustained [40]. Additionally, peripheral resistance 
to leptin in WAT was also widely described [41]. Periph-
eral leptin resistance may contribute to decreased lep-
tin ability to modify the adipocyte insulin responsive-
ness and to maintain normal basal rate of lipolysis. 

Almost all cases of obesity contribute to increased lep-
tin resistance and deregulation of its central anorexi-
genic activities. Thus, it has been postulated that lipo-
suction by decreasing adiposity could possibly improve 
both leptin and insulin sensitivity. Most authors agree 
that one of the early effects of liposuction is lowered 
leptin level but the relationship between hypoleptine-
mia and insulin sensitivity is not so evident. In animal 
model, Schrebier et al. reported an increasing trend of 
leptin level at 42 day after liposuction [42]. In humans, 
SAL liposuction was followed by an early drop in serum 
leptin concentration (after 1 week), which additional-
ly correlated with voluntary changes in energy intake. 
The effect was not significant after 6 weeks from sur-
gery [43]. Another study demonstrated the effect 
of low level laser therapy (LLLT) on serum leptin and 
lipid profile in overweight and obese women. Authors 
observed increase in serum triglycerides and decrease 
in leptin level. However, the effect was limited to over-
weight patients only (BMI 25–29.9) [44]. In an open 
parallel-group clinical trial Robles-Cervantes et al. test-
ed metabolic profile in two groups of obese women: 
“liposuction plus diet” and “diet only”. They found a 
marked decrease in leptin level 1 month after  lipo-
suction, however this change was not correlated with 
insulin sensitivity Described by many authors delayed 
return of leptin concentrations to the levels before sur-
gery with simultaneous maintenance of body weight 
(when yo-yo effect is absent) may indicate potential 
metabolic benefits resulting from improved peripheral 
and central leptin sensitivity [36]. In meta-analysis of 
15 studies on cardiovascular metabolic markers after 
suction assisted lipectomy only leptin and fasting insu-
lin were the variables that were significantly associated 
with the amount of aspirated fat, whereas the other 
factors such as inflammatory markers were not [45]. 

Resistin

Resistin is yet another cytokine that may contribute to 
obesity and impaired metabolic profile. It was original-
ly named for its resistance to insulin, and was proposed 
to impair glucose tolerance and insulin action, but 
the exact role of this peptide in humans still remains 
unclear. In animal model, resistin suppresses insulin 
stimulated glucose uptake and induces insulin resis-
tance [46]. Excessive adiposity increases expression of 
resistin genes in adipose tissue and resistin works as 
a feedback regulator of adipogenesis in rats [47]. How-
ever, unlike the rodents, human resistin is predominant-
ly expressed in human mononuclear cells in response to 
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inflammatory stimuli and, because of that, cannot be 

considered as a fat-derived cytokine [48]. On the other 

hand, in vitro studies on isolated human adipocytes 

have shown that antigenic stimuli increase secretion of 

resistin from adipose tissue. Moreover, culturing adipo-

cytes with recombinant human resistin evokes proin-

flammatory cytokine release and up-regulates media-

tors of insulin signaling pathway [49]. Most studies on 

genetic programming confirm the correlation between 

increased gene expression, inflammatory response and 

risk for diabetes [50]. In 2001 Stepan et al. described 

the link between diabetes and level of serum resistin. 

They have found that administration of anti-resistin 

antibody improves blood sugar and insulin action in 

mice with diet-induced obesity. Moreover, treatment 

of normal mice with recombinant resistin impaired 

glucose tolerance and insulin action [51]. According to 

recent large case-controlled clinical studies on humans, 

elevated levels of resistin are associated with the devel-

opment of diabetes type 2, possibly through inflam-

matory processes, but the mechanistic insights require 

further evaluation [52]. Resistin levels appear to cor-

relate positively with SAT and majority of studies con-

firm this relationship [53]. A longitudinal analysis of 

patients on a weight reduction program including diet-

ing and exercise, has brought an evidence that serum 

resistin change is positively correlated with changes in 

BMI, body fat, fat mass, visceral fat area, and mean 

glucose and insulin in patients [54]. Little is known 

about the effect of abdominal lipoplasty on resistin 

level. D’Andrea et al. reported decrease in serum resis-

tin after large volume liposuction. Their report was 

based on observation of a large study group, so they 

were able to detect even discrete effect of liposuction 

on levels of studied variables [18]. Ma et al. confirmed 

beneficial metabolic effects of liposuction describing 

lowered resistin level with no change in inflammatory 

markers (CRP and IL6), and improved insulin sensitiv-

ity after 3 months from surgery. However, their study 

group was very small and consisted of 16 individu-

als only [55]. Similar effect but after dermolipectomy 

was presented by Rizzo et al. who found that after 40 

days following surgery decrease in serum resistin was 

accompanied by a significant improvement in insulin-

mediated glucose uptake [19]. Ramos-Gallardo et al. 

suggested that in patients with impaired lipid pro-

file, liposuction can reduce the metabolism of choles-

terol by lowering the level of resistin, which is known 

to increase the production of LDL and degrades LDL 

receptors in the liver [56].

Summary

Numerous clinical and experimental studies have 

brought conflicting findings about abdominal lipo-

suction surgery and its metabolic effects including 

adipokines secretion and insulin sensitivity. The pos-

sible explanation includes differences in a lifestyle of 

examined subjects (diet, physical activity), difficulties 

in maintaining stable body mass, experimental meth-

odology (eg. differences in the follow-up time after 

surgery or the methods used to test for insulin sensitiv-

ity), and the type of liposuction procedure used (eg. 

large vs. small volume liposuction). Moreover, most 

of published observations was based on examination 

of the small number of study participants. Thus, the 

current data cannot bring a clear evidence suggesting 

that liposuction itself results in important metabolic 

outcomes, on the other hand, the possibility that lipo-

suction may serve as a new strategy for rapid restora-

tion of impaired metabolic profile cannot be complete-

ly excluded. Some of the scientists suggest its addi-

tive/facilitating effect when combined with reduced 

calorie intake and increased energy expenditure [18]. 

Indeed, more trials performed on large population, 

that address the long-term effects of SAL on metabol-

ic markers and are similar in experimental design and 

study homogeneity, are required to evaluate this con-

cept in details. 
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