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Abstract Background: Bariatric surgery averts obesity-induced insulin resistance and the 
metabolic syndrome. By contrast, surgical fat removal is considered merely an esthetic en- 
deavor. The aim of this article was to establish whether surgical fat removal, similar to bariatric 
surgery, exerts measurable, lasting metabolic benefits. 
Methods: PubMed, Embase, and Scopus were searched using the Polyglot Search Translator to 
find studies examining quantitative expression of metabolic markers. Quality assessment was 
done using the MethodologicAl STandard for Epidemiological Research scale. The robust-error 
meta-regression model was employed for this synthesis. 
Results: Twenty-two studies with 493 participants were included. Insulin sensitivity improved 
gradually with a maximum reduction in fasting insulin and homeostatic model assessment 
for insulin resistance of 17 pmol/L and 1 point, respectively, at postoperative day 180. Peak 
metabolic benefits manifest as a reduction of 2 units in body mass index, 3 kg of fat mass, 5 cm 
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of waist circumference, 15 μg/L of serum leptin, 0.75 pg/ml of tumor necrosis factor-alpha, 
0.25 mmol/L of total cholesterol, and 3.5 mmHg of systolic and diastolic blood pressure that 
were observed at day 50 but were followed by a return to preoperative levels by day 180. Serum 

high-density lipoproteins peaked at 50 days post-surgery before falling below the baseline. No 
significant changes were observed in lean body mass, serum adiponectin, resistin, interleukin- 
6, C-reactive protein, triglyceride, low-density lipoproteins, free fatty acids, and fasting blood 
glucose. 
Conclusion: Surgical fat removal exerts several metabolic benefits in the short term, but only 
improvements in insulin sensitivity last beyond 6 months. 
© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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besity is a global health crisis and, after smoking, the 
eading cause of avoidable death in the developed world. 
omorbidities include diabetes mellitus, hypertension, ob- 
tructive sleep apnea, ischemic heart disease, cancer, os- 
eoarthritis, and depression. 1 Lifestyle changes are largely 
neffective in the long term, and there are no efficacious 
harmacological interventions. Bariatric surgery aims to in- 
uce weight loss by altering intestinal absorption and/or 
nducing changes in perceived satiety. Categories include 
astric bypass, gastric banding, and pancreatico-biliary di- 
ersion. The efficacy of bariatric surgery in the management 
f morbid obesity is well established. 2 

While bariatric surgery addresses the physiological root 
auses of obesity, surgical fat removal (SFR) tackles the 
239 
hysical manifestations. 3 Options for SFR include en-bloc 
xcision of skin and fat to the level of the muscle fascia, 
nown as body contouring surgery (e.g., abdominoplasty, 
elt lipectomy, brachioplasty, thigh lift, and breast reduc- 
ion) and the percutaneous avulsion and aspiration of fat 
e.g., liposuction). 4 Bariatric surgery-induced weight loss 
esults in the depletion of fat stores from both subcutaneous 
eposits and the viscera (accounting for approximately 20% 

f fat stores), 5 while SFR selectively depletes the subcuta- 
eous stores. 
Fat is an endocrine organ. 6 The long-term metabolic im- 

act of fat loss by bariatric surgery is well documented. 2 , 7 

ttempts have been made to evaluate the comparable 
etabolic impact of selective loss of subcutaneous fat, 8–12 

ut uncertainties persist owing to the heterogeneity of vari- 
bles and study parameters. It is important to seek clarity 
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ere, for, while the metabolic benefits of bariatric surgery 
re well established, SFR continues to be considered cos- 
etic in nature and subject to health-care rationing. This 
rticle describes a systematic review and dose–response 
eta-analysis (DRMA) of observational studies pertaining to 
he metabolic impact of body contouring surgery with a view 

o establishing how these procedures impact patient physi- 
logy over time. 

ethods 

earch strategy 

 search string was initially designed in PubMed, then trans- 
ated and run in Embase and Scopus using the Polyglot 
earch Translator. 13 The search string was designed by an 
xperienced information specialist and was run across all 
atabases on 8 November 2021. The search string was com- 
rised of both medical subject heading terms and free-text 
erms. Additionally, the online trials register ClinicalTri- 
ls.gov and the national research register were scrutinized 
or completed, discontinued, and ongoing trials relating to 
ody contouring surgery and physiological and/or metabolic 
arameters. The search strategy was performed in accor- 
ance with the Cochrane Highly Sensitive Search Strategy 
uideline in the Cochrane Handbook for Systematic Reviews 
f Interventions . 14 The review is reported in line with the 
referred Reporting Items for Systematic Reviews and Meta- 
nalyses (PRISMA). Full search strings for all databases and 
RISMA checklist are available in Supplementary Figures 1 
nd 2. 

nclusion criteria 

apers were included if they provided quantitative data per- 
itting analyses of the effect of SFR (abdominoplasty or 
uction lipectomy) on physiology and/or metabolism. Only 
uman studies were considered. No date, language, or pub- 
ication limits were applied to the search. 

xclusion criteria 

onhuman (in vivo) studies were excluded from considera- 
ion as were studies that used non-SFR procedures. 

uality assessment 

he quality assessment of the eligibly included articles was 
ndependently done by two reviewers using the Method- 
logicAl STandard for Epidemiological Research (MASTER) 
cale. 15 This scale evaluates each included study against 
6 safeguards across seven domains that, if present, may 
itigate systematic error in the trial. Then, a quality rank 
or each assessed article was computed and reported qual- 
tatively. The MASTER scale provided a unified framework 
or the assessment of the methodological quality of quasi- 
xperimental and randomized controlled trials included in 
his synthesis. 
240 
utcome measures 

he outcome measures sought encompassed six domains. 
hese included anthropometrics/body composition, serum 

dipokines, inflammatory cytokines, glucose homeostasis, 
ipid profile, and blood pressure. Data units were unified to 
he Systeme International d’Unites (SI) units. Specifically, 
he quantitative data extracted (before and after SFR) in- 
luded the following: 

1. Anthropometrics/ body composition: body mass index 
(BMI), fat mass (FM), lean body mass (LBM), and waist 
circumference (WC). 

2. Serum adipokines: leptin, adiponectin, and resistin. 
3. Markers of glucose homeostasis: fasting blood glucose 

(FBG), fasting insulin, and homeostatic model assess- 
ment for insulin resistance (HOMA-IR). 

4. Inflammatory cytokines: tumor necrosis factor-alpha 
(TNF- α), interleukin-6 (IL-6), and C-reactive protein 
(CRP). 

5. Lipid profile: low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), triglycerides (TG), total cholesterol 
(TC), and free fatty acids (FFA). 

6. Blood pressure: systolic blood pressure (SBP) and dias- 
tolic blood pressure (DBP). 

Other metabolic variables that were reported in less 
han 5 studies were excluded, such as waist–hip ratio, body 
at percentage, free FM, bone mineral content, IL-10, 2- 
our postprandial glucose, very low-density lipoprotein- 
holesterol, whole-body glucose disposal, glucose oxidative 
etabolism, nonoxidative glucose metabolism, lipid oxida- 
ive metabolism, and glycerol. 

ata extraction 

ata were retrieved from all full-text articles by two au- 
hors. Where necessary, clarification was sought with the 
enior author (SD). 

tatistical methods 

o establish an “average” dose–response relationship be- 
ween the outcome parameters (metabolic changes) and 
ime based on the data of all available studies, the robust- 
rror meta-regression (REMR) model was employed in this 
tudy. 16 This is a one-stage approach that treats each study 
s a cluster and uses robust error variance to address the po- 
ential correlations among the within-study effects as these 
ffects share the same reference within the study. A nonlin- 
ar curve was fitted using restricted cubic splines with three 
nots. The Wald test was used to test potential nonlinearity 
y assuming the coefficient of the nonlinear terms was zero. 
ll analyses were performed using the remr module in Stata 
ersion 15, College Station, TX, USA. 

esults 

he literature review yielded a total of 444 studies. Dupli- 
ate studies were excluded, leaving 258 studies, of which 
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Figure 1 PRISMA flow diagram for selection of studies. 
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36 were excluded by abstract review. Eventually 22 stud- 
es with a total of 493 participants were selected as relevant 
o this synthesis. 17–38 The conduct of the literature review is 
ummarized in Figure 1 . 
241 
haracteristics of included studies 

haracteristics of the selected studies are summarized in 
able 1 and include study identifier, country, design, num- 
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Table 1 Characteristics of included studies. 

Study Country Study design No. of 
sub- 
jectss 

Population (gender, 
age, comorbidities) 

Baseline BMI 
(kg/m 

2) 
Type of SFR Outcome measures Follow- 

up time 
points 
(days) 

Average fat mass 
(kg) or 
lipoaspirate (L) 
removed 

Vinci et al., 
2016 

Italy Case- 
control 

13 -males - age (18- 
55) yrs 

30.3 ± 3.06 abdomino- 
plasty 

Adiponectin, IL6, CRP, 
TNF-a, FBG, LDL, 
HDL, TG, TC 

0 
40 

NR 

Gibas-dorna 
et al., 2016 

Poland Case- 
control 

17 -males - age 
(37.15 ± 9.60) yrs 
−35% are diabetic 
type 2 

29.16 ± 4.02 lipo-suction BMI, WC, leptin, 
adiponectin, FBG, 
insulin, HOMA-IR 

0 
60 
180 

2.208 ± 0.562 L 

Cuomo et al., 
2015 

Italy Quasi- 
experiment 

64 -females -age 
(32–48) yrs 

33.44 ± 2.3 abdomino- 
plasty 

Leptin, adiponectin, 
resistin, FBG, insulin, 
TG, TC 

0 
180 
360 

1.6 kg 

Solis et al., 
2014 

Brazil RCT 18 -females -age (20 
−35) yrs 

23.1 ± 1.6 lipo-suction FM, LBM, leptin, 
adiponectin, IL6, 
TNF-a, FBG, insulin. 

0 
60 
180 

1.240 ± 0.363 L 

Ramos-gallardo 
et al., 2013 

Mexico Quasi- 
experiment 

26 -female -age (26 
−56 yrs - all are 
dyslipidemic 

27.4 ± 1.1 abdomino- 
plasty 

BMI, FBG, insulin, 
HOMA-IR, LDL, HDL, 
TG, TC 

0 
90 

1.7 kg 

Benatti et al., 
2012 

Brazil RCT 18 -females -ages 
(20–35) yrs 

23.2 ± 1.3 lipo-suction FM, LBM 0 
60 
180 

1.240 ± 0.363 L 

Yabarra et al., 
2008 

Spain Quasi- 
experiment 

20 −18 female −2 
males -age (24 −52 
yrs 

19.8 –36 lipo-suction BMI, WC, 
adiponectin, CRP, 
FBG, insulin, 
HOMA-IR, LDL, HDL, 
TG, TC, FFA, SBP, DBP 

0 
120 

5.494 ± 5.297 L 

Mohammed 
et al., 2008 

USA Quasi- 
experiment 

7 -females - 43% 
diabetic type 2 

39 ± 2 lipo-suction BMI, FM, FBG, 
HOMA-IR, LDL,HDL, 
TG, SBP, DBP 

0 
70 
189 

18 L 

Robles- 
cervantes 
et al., 2007 

Mexico RCT 6 -females -age (30- 
40) yrs 

31.9 ± 1.2 lipo-suction Leptin, FBG, HDL, 
TG, TC 

0 
30 

NR 

( continued on next page ) 
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Table 1 ( continued ) 

Study Country Study design No. of 
sub- 
jectss 

Population (gender, 
age, comorbidities) 

Baseline BMI 
(kg/m 

2) 
Type of SFR Outcome measures Follow- 

up time 
points 
(days) 

Average fat mass 
(kg) or 
lipoaspirate (L) 
removed 

Chang et al., 
2007 

USA Quasi- 
experiment 

15 -females 
-age (21 - 39) yrs 

18- 25 lipo-suction Leptin, adiponectin, 
IL6, CRP 

0 
1 

NR 

Martinez- 
abundis et al., 
2007 

Mexico RCT 6 -females 
-age (20 - 50) yrs 

30.7 ± 0.9 abdomino- 
plasty 

Leptin, LDL, HDL, TG, 
TC 

0 
21 

3.2 kg 

Busetto et al., 
2006 

Italy Quasi- 
experiment 

15 - females 
-pre-menopausal 

30.7 - 53.6 lipo-suction FM,LBM, leptin, 
adiponectin, resistin, 
IL6, CRP, FBG, insulin, 
HOMA-IR, FFA 

0 
1 
3 
28 
180 

16.3 ± 4.3 L 

Hong et al., 
2006 

Korea Quasi- 
experiment 

11 -age (19 −40) yrs 23.8 ± 4.4 lipo-suction BMI, LDL, HDL, TC 0 
60 

6790 L 

Andrea et al., 
2005 

Italy Quasi- 
experiment 

123 -females 
-age (32 - 40) yrs 

32.8 ± 0.8 lipo-suction BMI, leptin, 
adiponectin, resistin, 
IL6, TNF-a, FBG, 
insulin, HOMA-IR, TG, 
TC, FFA, SBP, DBP 

0 
21 
90 

4.984 ± 0.821 L 

Rizzo et al., 
2005 

Italy Quasi- 
experiment 

20 -females 
-age (25–40) yrs 

31 ·1 ± 0 ·7 abdomino- 
plasty 

BMI, FM, leptin, 
adiponectin, resistin, 
IL6, TNF-a, FBG, 
insulin, TG, TC, FFA, 
SBP, DBP 

0 
40 

2 ·3 ± 0 ·2 kg 

Davis et al., 
2005 

USA Quasi- 
experiment 

15 -females 
-age (23–45) yrs 

25–35 lipo-suction BMI, leptin, 
adiponectin, IL6, 
TNF-a, FBG, insulin, 
HOMA-IR, TG, FFA 

0 
1 
30 

1.88 ± 0.213 L 

( continued on next page ) 
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Table 1 ( continued ) 

Study Country Study design No. of 
sub- 
jectss 

Population (gender, 
age, comorbidities) 

Baseline BMI 
(kg/m 

2) 
Type of SFR Outcome measures Follow- 

up time 
points 
(days) 

Average fat mass 
(kg) or 
lipoaspirate (L) 
removed 

Klein et al., 
2004 

USA Quasi- 
experiment 

15 -females 
−46% diabetic type 
2 

nonDM 

35.1 ± 2.4, 
DM 

39.9 ± 5.6 

lipo-suction BMI, WC, FM, leptin, 
adiponectin, IL6, CRP, 
TNF-a, FBS, insulin, 
LDL, HDL, TG, TC, 
SBP, DBP 

0 
84 

17 ±2 

Robles- 
cervantes 
et al., 2004 

Mexico Quasi- 
experiment 

15 -females 
-age (28.8) yrs 

26.35 lipo-suction BMI, FBG, insulin, 
HOMA-IR, TC 

0 
21 

3.570 ± 1.543 L 

Esposito et al., 
2004 

Italy Quasi- 
experiment 

45 -females 
-pre-menopausal 

35.1 ± 2.9 lipo-suction BMI, WC, 
adiponectin, HOMA- 
IR, TG, TC 

0 
90 
180 

NR 

Gonzalez-Ortiz 
et al., 2002 

Mexico RCT 6 -females 
-age (20 - 40) yrs 

31.7 ± 1.7 lipo-suction BMI, FBG, insulin, 
LDL, HDL, TG, TC 

0 
28 

4.308 ± 1.126 L 

Chen et al., 
2001 

China Case series 4 -females 
- age (34.0 ± 3.7) 
yrs. 

23.6 - 42.7 lipo-suction leptin 0 
1 
2 
14 

range 1.25 - 12.78 
L 

Enzi 1979 Italy Quasi- 
experiment 

14 −12 females - 2 
males 
-age (34 −58) 
- all are diabetic 
type 2 

34.5 abdomino- 
plasty 

FM, FBG, TG 0 
30 

6.0 ± 0.5 kg 

RCT; randomized controlled trial. BMI; body mass index. FM ; fat mass. LBM ; lean body mass. WC; waist circumference. TNF- α; tumor necrosis factor-alpha. CRP ; C-reactive protein . IL6 ; 
interleukin 6. FBG ; fasting blood glucose. HOMA-IR ; homeostatic model assessment for insulin resistance. SBP; systolic blood pressure. DBP; diastolic blood pressure. LDL; low-density 
lipoprotein cholesterol. HDL ; high-density lipoprotein cholesterol. TC ; total cholesterol. FFA ; free fatty acids. L ; liters. NR ; not reported. 
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Figure 2 Changes in (A) body mass index, (B) fat mass, and (C) waist circumference over time since surgical fat removal (SFR). 
The “dose” is time in days after surgical fat removal (SFR). The circles represent the weighted mean difference in each individual 
study at this time point, with the marker size reflecting the weight of the corresponding study. 
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Figure 3 Changes in leptin over time since SFR. The “dose” is 
time in days after surgical fat removal (SFR). The circles repre- 
sent the weighted mean difference in each individual study at 
this time point, with the marker size reflecting the weight of 
the corresponding study. 

p
p
n
o

M
F
e

er of participants (sample size), population demographics, 
reoperative (baseline) BMI, type of SFR (abdominoplasty 
ersus liposuction), follow-up time points after surgery (in 
ays), and FM (in kg) removed in abdominoplasty or lipo- 
spirate (in liters) (which consists of infiltrated solution plus 
emoved FM) in liposuction procedures. 

etabolic changes after SFR 

nthropometrics/body composition 

MI (kg/m 

2 ), FM (kg), WC (cm), and LBM (kg) were mea- 
ured. There was significant heterogeneity in BMI and FM 

hanges across studies; however, the DRMA suggested that 
ostsurgical weight reduction was maximal at fifty days 
2 BMI units and 3 kg of FM, respectively), after which 
here was a return toward the average presurgical weight 
 Figure 2 ). Because of the paucity of studies, confidence 
ntervals were wide and the trend could not be confirmed 
ore precisely as this was driven by the bigger studies. Nev- 
rtheless, the effect of SFR on BMI and related parameters 
ersisted for at least 50 days. The WC showed a clear re- 
uction of around 5 cm after surgery, which was maintained 
ill the end of follow-up. LBM showed no significant change 
fter SFR. 

erum adipokines 
erum leptin ( μg/L), adiponectin ( μg/ml), and resistin 
 μg/L) were measured before and after SFR. Leptin exhib- 
ted a significant postoperative reduction that peaked at 
245 
ostoperative day 50 (average of 15 μg/L) and returned to 
reoperative levels by day 180 ( Figure 3 ). The DRMA yielded 
o significant differences in serum adiponectin and resistin 
ver time. 

arkers of glucose homeostasis 
BG (mmol/L), fasting insulin (pmol/L), and HOMA-IR lev- 
ls were measured. The DRMA suggested that postsurgical 
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Figure 4 Changes in (A) fasting insulin and (B) homeostasis model assessment for insulin resistance (HOMA-IR) over time since SFR. 
The “dose” is time in days after surgical fat removal (SFR). The circles represent the weighted mean difference in each individual 
study at this time point, with the marker size reflecting the weight of the corresponding study. 

Figure 5 Changes in tumor necrosis factor-alpha (TNF- α) over 
time since SFR. The “dose” is time in days after surgical fat 
removal (SFR). The circles represent the weighted mean differ- 
ence in each individual study at this time point, with the marker 
size reflecting the weight of the corresponding study. 
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nsulin resistance reduction was a lasting feature of SFR for 
he duration of the study. Peak reductions were 17 pmol/L 
nd 1 point for fasting insulin and HOMA-IR, respectively. 
here was no change seen with FBG ( Figure 4 ). 

nflammatory markers 
NF- α (pg/ml), IL-6 (pg/ml), and CRP (mg/L) were mea- 
ured. While there was substantial heterogeneity across 
tudies, the DRMA suggested that postsurgical reduction in 
erum TNF- α peaked at day 50 (0.75 pg/ml) and thereafter 
xhibited a return to presurgical levels ( Figure 5 ). No signif- 
cant differences were observed in serum levels of IL-6 or 
RP over the course of the study. 

ipid profile 

DL cholesterol (mmol/L), HDL cholesterol (mmol/L), serum 

asting TGs (mmol/L), TC (mmol/L), and FFA (g/L) were 
easured. Serum HDL increased post-surgically, peaking at 
ay 50. However, by day 100, expression had returned to 
he baseline and thereafter continued to fall to the end of 
he study period at day 180. TC reduced by 0.25 mmol/L 
ost-surgically to day 50; however, the trend thereafter is 
246 
bscured by wide confidence intervals owing to the paucity 
f data ( Figure 6 ). No significant differences were observed 
n serum levels of TG, LDL, and FFA. 

lood pressure 

ollowing SFR, there was a mean reduction in both SBP and 
BP of 3.5 mmHg by day 50, which thereafter exhibited a 
eturn to presurgical levels at day 180 ( Figure 7 ). 

uality assessment of included studies 

ost of the studies were ranked in the 4th quartile of the 
ount of safeguards. Moreover, the most deficient standards 
cross articles were equal ascertainment and equal progno- 
is. In contrast, equal implementation, equal recruitment, 
qual retention, sufficient analysis, and temporal prece- 
ence were found to be the least deficient standards. See 
upplementary Figure 3. 

iscussion 

e examined the influence of SFR on body anthropo- 
etrics/body composition measurements, serum adipokines 
nd inflammatory cytokines, glucose homeostasis, lipid pro- 
le, and blood pressure by means of a systematic review 

f clinical data and subjected these data to DRMA. We ob- 
erved that SFR resulted in a significant and lasting improve- 
ent in insulin resistance as evidenced by serum fasting 

nsulin and HOMA-IR index and transient improvements in 
MI, FM, SBP, and DBP and in serum leptin, TNF- α, HDL, and
C concentrations. There were no observable improvements 
n LBM, serum adiponectin, resistin, IL-6, CRP, LDL, FFA, or 
BG. 
Weight loss after SFR peaked at day 50 post-surgery, 

ut thereafter weight gain was observed with BMI and FM, 
eturning to near-preoperative levels after a period of 6 
onths. This might be because of the loss of the negative 
nergy balance after surgery, or increased energy intake, 
articularly if it was not accompanied by physical exercise 
fter SFR. 9 , 12 Another possibility is that this return toward 
aseline has an underlying hormonal basis such as residual 
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Figure 6 Changes in (A) high-density lipoprotein (HDL) cholesterol and (B) total cholesterol over time since SFR. The circles 
represent the weighted mean difference in each individual study at this time point, with the marker size reflecting the weight of 
the corresponding study. 

Figure 7 Changes in (A) systolic blood pressure (SBP) and (B) diastolic blood pressure (DBP) over time since SFR. The “dose” is 
time in days after surgical fat removal (SFR). The circles represent the weighted mean difference in each individual study at this 
time point, with the marker size reflecting the weight of the corresponding study. 
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at cells hypertrophy. 39–41 This has also been noted in sim- 
lar animal studies, where surgical fat reduction was fol- 
owed after weeks to months by a compensatory increase 
n the FM elsewhere. 42 , 43 Using dual-energy x-ray absorp- 
iometry scans and magnetic resonance imaging, a clinical 
rial observed compensatory abdominal FM deposition in a 
2-month period after thigh liposuction. 44 Other retrospec- 
ive human studies reported an increase in breast size after 
bdomen and thigh liposuction surgeries, which was postu- 
ated to be due to an altered ratio of androgen-to-estrogen 
evels, 39–41 but this may not be the only explanation. 

Leptin was the only hormone derived from adipose tissue 
hat exhibited an expression pattern altered by SFR. This 
as similar to the findings of a meta-analysis on the effect 
f large-volume liposuction on serum leptin and adiponectin 
evels. In this study, too, leptin, but not adiponectin, was re- 
uced after SFR. Because leptin is secreted mainly from fat 
ells and correlates with FM, 45 the transient fall in serum 

eptin levels is understood in the context of the postsurgical 
eduction in FM. More interestingly, we may speculate that 
he rebound rise in serum leptin to presurgical levels may 
nvolve hypersecretion and/or hypertrophy by the residual 
M. 39–41 The physiological adaptation underpinning this phe- 
omenon remains obscure, but the fact that the postsurgical 
247 
MI mirrors the postsurgical temporal expression profile of 
eptin (which governs satiety) suggests a homeostatic mech- 
nism. 
There is no clear relationship in the literature between 

FR and variations in the expression profiles of the inflam- 
atory cytokines TNF- α and IL-6. 9 , 11 , 46 That said, the tran- 
ient reduction in serum TNF- α identified in this study has 
een observed before. 46 Compared with leptin, the synthe- 
is of TNF- α occurs mainly in the monocyte lineage. 47 The 
ccumulation of resident macrophages in the adipose tis- 
ue correlates with the degree of obesity. 48 , 49 Animal mod- 
ls suggest that in morbid obesity, macrophages (respon- 
ible for most of the overall secretion of TNF- α) may ac- 
ount for up to 40% of the cellular mass of adipose tis- 
ue. 50 Our analysis suggests that SFR-mediated removal 
f the resident macrophages in the adipose tissue results 
n the initial reduction in TNF- α levels. The underlying 
echanisms for the recovery in TNF- α level after the first 
wo months of the SFR remain unclear. However, toll-like 
eceptors-induced synthesis of TNF- α from existing resi- 
ent macrophages and/or through recruitment of circulat- 
ng myeloid-derived blood monocytes that give rise to adi- 
ose tissue-resident macrophages are potential pathways 
or TNF- α recovery. 
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Accumulation of adipose tissue-resident macrophages is 
acilitated by IL-6 secreted from adipocyte, and obesity is 
ssociated with elevated circulating IL-6 levels. 51 , 52 During 
he inflammatory phase, macrophages promote the return 
o homeostasis by removing apoptotic cells and cell debris 
nd contributing to damage repair. 53 Circulating IL-6 plays 
n important role in mediating inflammation and is a central 
timulus for the acute-phase inflammation response. 54 Our 
nalysis found no significant changes in serum IL-6 and CRP 
a known marker for acute inflammation), suggesting the 
bsence of systemic inflammatory response after SFR. IL-6 
timulates CRP synthesis in the liver, 55 and, thus, the stable 
erum CRP level after SFR is consistent with a stable IL-6 
evel for the same period. Our analysis could not exclude the 
ossibility of an increase in IL-6 levels at the surgery site. 
Several syntheses have examined the changes in insulin 

ensitivity after SFR, and a trend toward improvement in 
nsulin sensitivity has been described without elucidation of 
he magnitude of effect or clinical significance thereof. 8–11 

oreover, results were inconsistent because of the hetero- 
eneity in the design and analysis of studies. The present 
ynthesis demonstrates a gradual and steady decrease in 
he fasting insulin, which reaches an average decline of 
7 pmol/L by 6 months. The HOMA-IR showed a similar trend 
ith a 1-unit reduction by 6 months. There have so far been 
eports of more accurate measurements for insulin sensitiv- 
ty, such as the oral glucose tolerance test. 56 Interestingly, 
he return of BMI toward baseline after 50 days, as shown 
bove, was not coupled with a similar return in insulin sensi- 
ivity toward baseline values. This finding may reflect extra- 
bdominal postsurgical fat deposition, which might be less 
armful. 57 

There is a strong positive relationship between body mass 
nd blood pressure. A reduction in body mass of between 5 
nd 10% can reduce blood pressure in both hypertensive and 
ormotensive cohorts. 58 Indeed, a reduction of 1 kg of body 
ass in obese patients results in a sustained decrease of 
.2 mmHg and 1 mmHg in SBP and DBP, respectively. 59 Addi- 
ionally, chronic hyperleptinemia as seen among the obese 
opulation is also correlated with blood pressure. 60 Loss-of- 
unction mutations in leptin and leptin receptors are asso- 
iated with decreased blood pressure despite severe obe- 
ity. 61 The effect of leptin is mediated by the neurons in 
he dorsomedial hypothalamus. Inhibiting leptin receptor- 
xpressing neuronal activity in the hypothalamus leads to 
 rapid decrease in blood pressure in obese mice, indepen- 
ent of changes in body mass. 61 In this study, the correlation 
etween postsurgical blood pressure and serum leptin may 
e understood in these terms. 
Subcutaneous FM plays a causative role in obesity-linked 

yslipidemia. 62 Thus, SFR may have a positive effect on lipid 
rofile, 38 particularly in the absence of morbid obesity. 63 

owever, the present study failed to demonstrate a clini- 
ally significant clear correlation between SFR and postsur- 
ical lipid profile. 
Several small and heterogeneous studies have measured 

hanges in body composition, adipokines, and inflammatory 
arker, 17–38 and have been followed by systematic reviews 
nd meta-analyses in an attempt to examine the effect of 
FR on body metabolism. Only one synthesis looked at these 
hanges in terms of time since surgery, 12 but even then, 
he latter study only reported the differences in physical 
248 
iometrics such as body weight and FM. The remaining syn- 
heses combined several heterogeneous studies with differ- 
nt follow-up durations, 8–11 resulting in contradicting and 
nclear conclusions regarding the metabolic benefit or harm 

f SFR. The ideal approach to the synthesis of the existing 
ody of evidence required a DRMA because this is the only 
ay to reduce the existing clinical heterogeneity. 
A major limitation of this study is the small number of 

ligible studies, many of which had recruited a small num- 
er of patients. Thus, when the margin for error was taken 
nto consideration, few obvious trends emerged. While we 
onsidered the inclusion of different types of SFR to be a 
trength of our meta-analysis, it is possible that the tech- 
ical differences of each approach bequeathed unique and 
issimilar physiological legacies on the patient that mani- 
est as different changes in postsurgical metabolic param- 
ters. For example, abdominoplasty surgery for obesity or 
eight loss often includes, as an operative step, correction 
f divarication of the rectus muscles. This, in turn, results in 
n increase in the abdominal pressure, myocardial preload, 
nd compresses visceral fat. 64 It is clear from the synthe- 
is that metabolic changes after SFR need further study in 
 well-designed prospective design, and this in turn will 
elp us not only to identify the changes and the safety of 
hese procedures but also broaden our knowledge about the 
etabolic effects of obesity. 

onclusion 

his study shows that body contouring surgery correlates 
ith enhanced insulin sensitivity for at least 6 months af- 
er surgery. Transient benefits were observed in BMI, blood 
ressure, serum leptin, and TNF- α. An evaluation of the 
etabolic benefits of body contouring surgery beyond 6 
onths is hampered by lack of data. 
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