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Behavior of Insulin Sensitivity and its Relation to
Leptin and Tumor Necrosis Factor-Alpha in Obese
Women Undergoing Liposuction: 6-Month Follow-up

José Antonio Robles-Cervantes, MD, MSc, PhD'2?; Esperanza Martinez-
Abundis, MD, MSc, PhD'; Manuel Gonzalez-Ortiz, MD, MSc, PhD'; Lazaro
Cardenas-Camarena, MD?; Eduardo Hernandez-Salazar, MD, MSc';

Rafael Olvera-Ozuna, MD?

'Medical Research Unit in Clinical Epidemiclogy, Medicel Unit of High Specialty, Mexican
fnstituee of Social Security, Guadalajera, Mexico; “Reconstructive Surgery Dastitute, Heolth
Ministry, Guadalajara, Mexico, ‘Radio bnagen de Geetdente, Guadealajara, Mexico

Background: Metabolic syndrome is a group of patho-
legical processes which involve insulin resistance, a
biochemical and molecular disorder, Qhasity appears
1o be the most frequent clinical component in meta-
bolic syndrome, Subcutaneous fat, independent from
visceral fat, is still controversial as a marker of the
pathocphysiology of insulin resistance,

Meihods: An open parallel-group clinical trial was
perfermed of 12 women {age 30-40 years), with BMI
from 30-33 kg/m® and lasting glucose <110 mg/dl. &
women were included in the "liposuction plus diet”
group, and & were included in the “diet-only™ group.
Meatabolic proflle, including insulin tolerance test
{ITT), leptin and tumor necrosis factor alpha (TNF,
was perfermed at haseline, 1 and 8 moenths in both
groups. Subcutanecus and visceral fat was quantified
with spiral tomography at baseling and after 6
months. Friedman and Wilcoxan test wara usad lor
intra-group differences, Mann-Whitney U for ditfer-
ences between groups, and Spearman test for corre-
latlon, with signiticance set at P<0.05.

Results: Mo difference existed between groups
regarding clinical characteristics and matabolic pro-
file. In the liposuction group, the Increage in insulin
gsengitivity was {3.B+0.86, 3.1+0.85 4.5:1.02 %/min,
P=0.08. Insulin sansitivity did not correlate with sub-
cutaneaus fat, leptin, or THFa. Leptin diminishad at 1
month (52.725.04 vs 31.6=11.9), P=0.028, and correiat-
ed with the subcutaneous fat (r=0.857). In the dlet-
only qroup, TNFux diminished at € months, P=0.046.

Conclusicn: Subcutanaous abdominal fat corre-

Correspondence to: ). Antonio Robles Cervantes MO MSc, PR,
Av. Chapalila 1300, Colonia Chapalita CPRA5000, Guadalajara.
dahsco Mengd. E-mail: durund maganed. netmx
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lates with leptin; neverthaless, it is a weak marker for
THFc and insulin sensitivity.

Hey words Obegity, iposuction, imgulin resislance, subou-
taneous fal, leptin, tumor necrosis factar alpha

Introduction

The metabolic syndrome consists of a group of
pathological processes whose foundation involves a
tiochemical and malecular disorder called insnlin
resistance. This syndrome 15 of particular interest
Because 1ts considered a predictor of cardiovaseu-
lor dhsease. due to the fact that it is composed ol
parthologies such as diabetes mellitus type 2 (DM2),
systemie arterial hypeonension (SAHT L and obaesity,
plus the tact that it increases the risk of cardiovas-
cular disease 5 times in subjects with DM2.-

Obesity seerms 1o be the most frequent climcal com-
ponent found i the metabolic syndrome, and although
its importance in the physiopathology of msulin resist-
ance is sull controversial, it is accepted that adipocy-
tokines are found 0 be related we this disorder.”

The distribution of body fac* as well as the prog-
ucts of adipocytes such as lepting TNFoL inter-
leukin-6 (11.-8), resistin and adiponecting, among
others, greatly intluence the energetic balance, lipid
metibolism and insulin sensitivity.® In this respect,
abcdominal B and s two components — risee ved and
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siboiferrecnes. has been considered an nieresnng
marker direetly related 0 insolin resistanece, e is
agreed that subcutaneous Fit s the pringipal soorce
of free falty wcids thut are released nto the systemic
cireulation and that subcutaneous far is related
insulin resistance af the muscular level, and also
regulates the action of insulin by means of o new-
rogncdoerine network in which leptin participates.”
On the other hand, visceral tar even when it sup-
plies small guantities of free futty acids w0 the sy
temic virgulation, is conskiered (o play a fundiimen-
tal role in Insulin resistance, hecause viscerl L
constitutes a metiholically mere active tat than sub-
cutineous Tal, and 10 diecetly olleences hepatic
insulin gesistance.”

Based on the preceding data, there is no doubt that
hoth fatty companments have metabedic differ
ences. However, the tole that both types of B play
in insulin reststance is sl controversial *

Cross-seetional” and  surgieual  studies  with
abdomineplasty™ and liposuction ' establish the
unperlance of subcutuneous fal as o marker, inde-

pendent of visceral fat, in the plyesiopatheloey of

insulin resistaney.
Therefore. the aim of this study was to determine,

i rroup of obese wamen. the effect of removal of

abidominal subcuianeons Tt by fiposuction on the
Behavior al insulin sensivivily and the possible rela-
tionship of lipasection B oadipoeyte prodocts ke
lepin wnd TNFE during o 6-month fullow-up.

Materials and Methods

With approval  of the BResearch  amd  Ethics
Committees of the participating  Institutions, an
open. randomized clinical triat was conducted with
12 women of ages 30-40 vears and with w hody muass

ndex (BMIj hetween 3Hband 33 kgfm-. One proup ot

owomen was aesigned liposuction and diet, The
ather & only received a diet and comprised the con-

o] group. Al women had a Tasting blood glucose of

110 mg/dl, and all signed their informed consents,
Women with & systemic disease such as SAHIT, DM2
ar polyeysie avarian syndrome, woere on aonedici-
tion wlich might alfect insuln sensiovity, exercised
= hour daily, or used wbaccn e aleohol woany
degree. were excluded fromy the study, Before the

dipossietions siad besndin Sensivivive, Leptin aned TR Fe

inrervention and at 1 manth and & months pastoper-
atively, both groups underwent a metabolic profile,
which inciuded zlucese, urea, creatiune. wewe acid.
ol cholesterol, high-density lipoprotein (1D
low-density hpoprotein (LDL). very  howe-density
lipoprorein (VLDLY choleseral and triglycendes.
Insnlin sensitivity was cvaluated m both groups a
the abave times, ulilizng the msolin wleranee s
{ITT) The abdominal subcutancous and visceral adi-
poise Tssue wis measired by spival wmography a
the begining and at the emd of the study.

The serum glucese concentralion was detenmned
withg o glucase oxidise wchnigue, The total cheles-
terol, low-density lipoprorein (LRLYL very lome-density
lipoprotein (VLDLY high-density lipoprotein (HIDL)
nglycendes., and wic acid were measured using enzy-
matie methods, Crentimine levels were eviluated by
culorimetry, The above parameters were completed
with  commercially avatlabte kits {Beckmun
Instrunients [oe, Brew, CAL USA ) with intra- and inter-
wssaty coclficients of vanaton <3%. Engyme-finked
minuncserbent method  (Dhagnostic System
Laboruarios Tne. Wehster, TX, TUSAY wus used to
issess serum Jeptin, with intra- and ier-assay ooetii-
clent of viriation 434 and 49% respectively, The lep-
tin and TNFoe were determined with the ELISA fech-
nige, with an intra- aod mlerissay emor of 3%

The I'TT consisted of the fulhewing: 3 days prior o
the test, an isocaborie diet of at Teast 250 g of corbwo-
hydrates per duy was given, Following this, and atter
it | 2-hour fast, an intravenous catheter wis placed ina
forcsome vein and 250 mil of physiologival suline
O was administered. A bolus [V imecton o regu-
Lr 0.1 Tk of hody weighn Blowd samples were col-
lected intubes contiining 1.5 ml of Nuoride tor the
rmeasuremient of serm glucose at the totlowing inter-
vitls: 5 minutes betore and 3, 6,9 12 and 13 minutes
after insulin injection. Dextrose (25 p) was injecied
afier the st samople, W stop the decredse in serum glu-
eune. This test detenmingd 1he decrease of the glucose
constant {K-ITTy. and was reported in S-fmin. The K-
ITT was caleulated vsing Lundbaeck™s formula
{6Y 3 100 wherein the gremer the decrease in
elucose, 1he ereater the insulin sensitivity value. !

The subcutaneons and visceral B was measured
by third-generation spial wemography  {Somiton
AR star, Siemens™ ) Ten-millimeter culs werc
obtwimed from the xiphisternum to the pubic symiph-
yuls with an ntra-observer error < |5
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Both groups received the same reducing diet of
2 calfkg. consisting of 60% complex curbohy-
drates, 25% fars, and 15% proteins, with a reduction
of 104 calorics every 4 weeks unti] reaching 1200
calories, The Jiet commenced immediately follow-
tg the metabolic profile and baseline determina-
tions, Tn order to determine adberence to the diel. a
random telephone call asking for a 24-hour recall of
food intake was made to the participants. In addi-
tion, the degree of appelite was detenmined using a
visual analog seale of 1-10h where O=no appetite.
S=normal appelite, and 10=considerable appetite.
This seale way applied at the beginning of the study.
aft | monh, and at & months.

Statistical Analysis

In order to determine the differences between the
eroups. the Mann-Whitney U test was utilized. In
order W evaluate the mtra-group differences, the
Fricdman test was emplayed. and when uecessary,
the Wilcoxon signed rank test, Spearman’s sl was
used for carrelation of the variables. A staristical
significance of P<0.05 was established,

Table 1. Clinical characteristics between groups

Results

Buoth groups had similar elinical charactenstics prior to
intervention (Tuble 1} After the intervention. the BMI
significantly decreased i the lipusuction plus diet
vroup (319410 vy 28 1217 P=0028). as well as in
the dict-only group (31.9 =1 vs 28.2 x| .3 P=0.,028).
The metabelic profle was similar in both groups and
was no different at the end of the smdy (Table 2),

During liposuction, 58% (43822651 mD of the
subcutancous abdominal la was extracted.

In the lipusuction plus diet group. insulin sensitiv-
iy increased with a statistecal trend @ the end of the
study (388, 3.1+ 8, 4.5+1.0 %/min; respectively).
P08 (Figure 1) One month following liposuc-
tion, leptin sienificantly decreased (3272600 vs
31.6x11.9 ng/mly, P=0.02 (Figure 21 Appetite sig-
nificant]ly diminished ar 1 moath following liposue-
tion P=0.02, and this reduction was maintained dur-
ing the 6-month period {P=0.003). There was no
sigmificant diiference (F=(L738) in the median
changes of the TNFa initally, at | momth, and at 6
months fallowing liposuction (1.019, 0017 0.015
pafml. respectively).

Liposuction plus diet

{n=6)
Age {years) .0+3.7

BMI, kgim? 319212
Subcutanecus fat, om? FEI7 0+1342.0
Visceral fat, cm® 1796.0+331.0
Blagd pressure {mmHg) 108577

Diot ~
{n=6}
34 6+3.6 064
31810 0.83
6656.0+2108.0 0.58
1311 0421 .0 0.09
10373 0.28

" Mann-Whitney

Tahte 2. Metabolic profile in hoth groups

Lipasuction plus diet {n=5)

Diet only {n=8)

[l rvertion Batorg Alar Before After
Glucose, mmal/L 5.0:4 493 513 5.2+5
Creatinine, progliL B3.3:11.7 E3.3:88 58.9:0.1 £1.8:7.9
Urig acid, pmolfL 3171254 309,255 267 6+38.2 23T 52551
Total cholgstara!, mmol/L 4.4+ 5 4.311.D 4. 4+.4 4.0+.0
HOL chalestergl, mrglil 1.2£3 1.1+.5 102 RER
Triglycerides, mmaol/L 1.3:.2 14+ 2 133 1.22.3
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Figura 1. Behavior of insulin resistance in both growps.
ITT jbeforey, ITTZ {1 mordh), ITT3 (B months).
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Figure 2. Behavior of leptin concenfrations in bath groups.

[nsulin semsitivity sus nol sienilicantly correiated
with the leptin, T and BML nae wath <subeuta-
neous and visceral fal

At the end of the study, keptin correlated directty
wilh the change i subcutaneous fut (=243,

=005 Tocspate of (as, lepaon retumed o its base-
line values ar the end ol the study.

The TN did ol correlate with the change ol

leptin {r=029 F=L957), nor with insulin sensitivi-
ry (r=-00343 P=0.266) throughout the study.
Likewise, this cytokine did msl cormelate with the
decrease of BMI (r=-(0029, £=(1957), nar with the
madilication of the subewtancous and  visceral
abdominul fut compurtmenis. where the correlation
s simmbar (=086, F=LETE

At the end of the study, the stheutaneats Fat was
reduced by 30.7% and the visceral far by 8 18%.,

Liperarctionr audd fnselin Sensivivite Lepiim and F8VF0

The correhwion vt the delia{changed in insulin sensi-
tivity with the del (chunge) in visceral fat was r=-0029.

In the diet-unly group, the TNFo decreased sig-
mficantly at & months (L0354 006 L0065 pedmi
respectively, P=0.(H6},

In this swine group. there was no change m insulin
sensitivity iigially, at | month, and at & months:
(36 £ 54 =8 4.4 28 respectively P=0.513)
Likewise. there wis no change in the leplin concen-
trativns during the 6 months (422 £ 1185 $0.7=
16.8: 744 1.6 P=iBd6).

The subcutaneous Fut was reduced by 3235 amd
the viseeral fut by 4945,

Discussion

The abjective ol this stody was (o determine the
importanes of the alwomimal subcutancous fatl as an
independent marker of insuling sensiivity and o
extablish il possible relationship to leptin and
TNFee In the stody, we controdled the amount of
subcutungous fat e be oblained by liposaetion,
because we established a range of from 35 10 65% of
subcutaneous ahdominal B to be aspirated. based on
revious guantiiwation utilizing sparal womography.,

Afler remoning 38% of the abdominal subcuta-
neos fal, we found o statistical iendency tward an
increase i insulin sensitivity, This is explained by
the considerable reduction of abdominal subeuta-
neous {al whiel s the main source of free futy
avids tor systemic circulition, -

Chne month Following liposuction. we found & sig-
mificunt decreidse in kepting similar w thar repuorted by
Talisman, ™ This reduction correlated directly with
the reduction msubwutaneons fat, Although lepon
decreased significantly in the postoperative period,
this protem appears o play o role 0 menaholism,
independent of insulin sensinivity, hecawse we did
nab ond a comelation between these two markers,
similar to the reports of Cnop et al™ who concluded
that leptin depends solely on subcutaneous tat, while
usulin resistunce depends solely on visceral tat.

In ansther study, where the possible relutionship
of Teptin o msulin resistunce was studied, it was
leund that the abdominal subcutineous fa, the
BMI. and muscle glucose utiltzation explain 72% of
the variability in the scrum concentrations of leptin:
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nevertheless, the utlizaton of glucoss had a negu-
tive correlation, independent of leptin.'

Despite the above, there are reports where leptin
is indeed assoctued with msulin reststance, Do
Courten ¢t al'® studied 240 subjects in a model study
ot metabolic syndrome and hyperleptinemia where-
in, followime mulliple regression analyses. they
found 2 direct relationship between leptin and
insulin resistapce. independent of age. BMI wrigly-
cerides, high-density lipoprineins, wanst-hip ratio,
and systemic arterial hypertension.'” In another
studly of obese women in which HOMA was utlived
for insulin sensitivity. resistin and leptin correluted
ir & pasitive fashion with insulin resistance.'”

Obesity s constdercd to be a chrome inflammatg-
ry condition m which TNFo plays an important
rale. The importance of this ¢ytokine in the devel-
apment ot insulin resistance is accepted.-® In our
study. the liposuction group did not show chanpes In
the TNFe, and it did not correlate with cither insulin
sensitivity or leptin, [t was not an expected resalvaf
we consider that the subcutaneous a1 is an impor-
tant source of this evtokine. The lack of change in
TNFEz prabably is due o a merabolic response to
surgical stress in the group that underwent liposuc-
tien. because in the diet-only group there was a
tdecrease in TWFor, and it direcily correlated with the
decrewse in BMIL Similur results have been ohtained
in women subjected to o diet for 1 year, where after
decrzasing the body weight by 1%, a significant
decrease in this cytokine was seen !

W found no correlation, ither in the diet group or
in the liposuction groug, between the TNFo and lep-
tin levels. In relation w this peint, controversy still
exisls, In vitro studies of subcutaneous adipocyles
obtained trom obese women, have found a correla-
tion in the expression of leptin and the cytokine. ™' In
ancather study in which subcuancous adipocytes
with T™Fa und other c¥lokynes were incubated, it
way found that there was a decrease in the produc-
teon of leptin by 30 1o 504% = On the other hund, in a
study wiilizing rats, leptin und TNFoe did not corre-
late, and one concludes that both have independent
roules for the regulation of insulin sensitvity > The
relationship of the behavior of this eylokyne in a
eronp Undergoing an acute reduction of the abdomi-
nal subcutarecus fat in an amount =506 has not
been reported previously. [noa buriaric surgery (gas-
trc bypass) siudy of Molina et al*® with & ¢-month

1246 Mg ity Smrgery, 172007

todlow-up. an increase in TNFoe was observed post-
operatively with a subsequent decrease in TNEo
baseline levels at 6 momths. They found a correlation
of TNFu with leptin and adiposity.**

Reeent studies have found that subcutaneous. upper
buody Tat has a greater role in systemis circuiating tree
fatty acids than visceral fal ond may contribute signif-
wantly 10 insulin sensitivity and the metabolic syn-
drome. ™ Our results contnbule interesting data; 1)
liposuction does not cause metabolic damage: 2) the
significant acute reduction of subcutancous fat allows
for the study of the behavior of markers that are asso-
ciated with insulin resistance. such as leptin and
THMFE. therchy establishing (he role of subcutancous
tat in the pathophysiology of the metabolic syndrome.

Conclusions

On the basis ol our resulls, we conclude that subcu-
wneous Tat s o weak marker for insulin resistance,
i is ussociated in g significant way with leptin con-
centrations, and it does not commelate with TNFo
oncenirations,
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