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ABSTRACT 

BADRAN, SAIFEDDIN, M., Doctorate: June: 2023, Doctorate in Clinical Sciences  

Title: Metabolic Changes after Surgical Subcutaneous Fat Removal  

Supervisor of Dissertation: Suhail, A., Doi. 

Background: There is increasing demand for both surgical (SSFR) and non-

surgical (NSSFR) subcutaneous fat removal procedures for achieving immediate 

improvements in physical appearance. However, their metabolic effects remain unclear. 

Aims: Firstly, to review the current state of knowledge on the metabolic 

changes after SSFR and identify any literature gaps.  Secondly, to examine the 

magnitude and sustainability of these changes and explore the impact of prior obesity 

surgery on changes in glucose homeostasis after SSFR. 

Methods: An umbrella review was conducted to identify knowledge gaps, and 

implications for future research. Then, twin dose response meta-analyses (DRMA) 

were performed to examine the degree and duration of these metabolic changes after 

SSFR & NSSFR procedures. This was followed by a commentary paper that highlights 

the need to examine additional sources of population heterogeneity, which could alter 

the metabolic trajectory after SSFR. Next, a novel index of glucose excursion was 

validated which was then used subsequently in a quasi-experimental pilot study to 

examine changes in glucose homeostasis after SSFR in comparison to the impact of 

prior obesity surgery.  

Results: The umbrella review revealed that current literature is not conclusive; 

however, they suggest some metabolic benefits without a clear clinical significance. 

The DRMAs reported that SSFR is safe and may exert a transient metabolic benefit in 
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body composition, adipokines, inflammation, blood pressure and lipid profile. 

However, only improvements in insulin sensitivity lasted beyond 6 months. On the 

other hand, NSSFR exerts a sustained effect on body composition for up to two months, 

but with a worsening in lipid profile in the first two weeks. The commentary paper 

highlighted the need to examine the independent metabolic effect of SSFR and history 

of bariatric surgery (irrespective of their body mass index and diabetic status). The 

quasi experiment validated Doi’s weighted average glucose as a measure of post-load 

glucose excursion. Also reported that SSFR resulted in improvement in insulin 

resistance without affecting post-load glucose excursion, but that a history of obesity 

surgery was associated with an additional effect on glucose excursion, possibly due to 

sustained improvement of beta-cell function.   

Conclusion: SSFR appears to be associated with favorable metabolic changes, 

particularly an improvement in insulin sensitivity. Further studies that examine these 

changes from a hormonal perspective can broaden our knowledge of metabolic sequelae 

associated with sudden removal of subcutaneous fat and help us understand 

mechanisms underpinning the link between obesity and metabolic diseases. This could 

potentially identify new therapeutic targets. 
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CHAPTER 1: INTRODUCTION 

1.1. Definition of SSFR and NSSFR 

1.1.1. Surgical subcutaneous fat removal.  

The current drift towards cosmetic plastic surgeries, especially the body 

contouring surgeries which aim to produce a more attractive body shape by removing 

excess skin and fat tissue from multiple body areas, is due to several reasons such as 

the increase in the safety of these procedures, the increase in the availability of these 

operations and the recent increase in the number of bariatric surgeries. Bariatric surgery 

is performed for morbidly obese patients to facilitate loss of a significant amount of 

their body fat mass. Because of the rapid and massive weight loss following bariatric 

surgery such as sleeve gastrectomy, many patients tend to require body contouring 

plastic surgery to remove redundant skin and excess body fat 1. Body-contouring 

surgery is also done for purely cosmetic purposes in patients not undergoing bariatric 

surgery. 

A typical example of these body contouring surgeries is abdominoplasty (also 

known as Tummy Tuck) surgery which suddenly removes around 2-3kg of abdominal 

subcutaneous fat (ASF) tissue, and usually is followed by tightening of the abdominal 

wall muscles, to correct divarication of recti muscles 2. The other commonly undertaken 

surgery is suction-assisted lipectomy and, together with abdominoplasty, these 

represent the commonest plastic surgery procedures that target subcutaneous fat from 

unwanted areas such as the abdominal wall and flanks. The accelerating demand for 

these surgical procedures has gradually moved the practice from removing a small 

amount of intractable fat tissue to the removal of a large volume (more than five liters) 

of subcutaneous fat tissue, which eventually can result in a significant metabolic effect 

3. However, whether the metabolic effects of these two surgeries are the same or 
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different is not known. In fact, previous reviews and meta-analyses have combined 

these two procedures together, which might not be accurate. For example, the repair of 

the abdominal wall in abdominoplasty might result in an increased intraabdominal 

pressure with reduced space for the future expansion of intraabdominal fat tissue, which 

might result in different metabolic effects than liposuction 3,4.   

Finally, a distinction needs to be made between SSFR and other modalities of 

fat loss (such as diet, exercise, or bariatric surgeries) in that non-SSFR modalities result 

in a gradual decrease in both the subcutaneous and intra-abdominal fat tissue. This 

gradual reduction occurs through a decrease in the size of the adipocytes while with 

SSFR there is actual loss of subcutaneous adipocyte numbers, but without impact on 

intraabdominal adipocytes. 

1.1.2. Non-surgical subcutaneous fat removal.  

Non-surgical fat removal is one of the fastest areas of growth and innovation 

within the aesthetics industry.  Options include cryolipolysis, laser lipolysis, 

radiofrequency ablation and high intensity focused thermal ultrasound (HIFU).  While 

the mechanism of action of each method differs, the result is the focused elimination of 

subcutaneous fat in a non-invasive manner.   

1.2. Fat removal sites in SSFR 

SSFR classically is from abdominal and thigh areas, although other sites may 

less commonly be targets for surgery. Abdominal (or upper-fat) distribution is 

correlated more strongly with obesity-associated metabolic risks and consequences 

than fat in the gluteo-femoral (or lower-fat distribution in the gluteal and thigh regions) 

5. Fat in the abdomen may be subcutaneous (ASF) or abdominal visceral fat (AVF) 

tissue and it should be noted that only ASF is the target for abdominal SSFR 2. AVF is 

intraperitoneal fat that represents both the mesenteric as well as the omental fat cells 6. 
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AVF is typically formed of large adipocytes and contains necrotic and inflammatory 

tissues. There is also retroperitoneal fat in humans of unclear significance. 

Central obesity in the abdominal area, represents one of the essential 

components of metabolic syndrome, along with insulin resistance, elevated serum 

triglyceride, blood pressure, and low high-density lipoproteins. The distribution of fat 

deposits in the abdomen (ASF versus AVF) has  been thought to determine metabolic 

outcomes and that AVF tissue is more “pathogenic” 7 and is what has been linked to 

metabolic syndrome and T2D 8. Other studies have also proposed that both ASF and 

AVF play a role in metabolic risk3 but largely the metabolic risk of obesity has been 

linked mainly to AVF because it is directly involved in the delivery of free fatty acids 

as well as inflammatory proteins such as interleukin- 6 (IL-6), to the liver via the portal 

circulation 9. It is nevertheless probable that ASF may also play a role given that more 

than 80% of the free fatty acids and other inflammatory proteins reach the liver via the 

systemic circulation 10. This is supported by studies that report that intrahepatic 

triglyceride rather than AVF is a better marker for obesity-associated metabolic risk 11. 

Therefore, it has recently been suggested that the metabolic risk in obesity is a shared 

effect of molecules secreted by both these compartments. Thus, there is an expectation 

that SSFR may alter glucose homeostasis and insulin resistance as a direct consequence 

of surgical ASF removal.   

1.3. Background and previous research  

Obesity has reached pandemic levels and currently affects all age groups and 

socioeconomic classes worldwide. Obesity prevalence has almost tripled in the last 50 

years according to the World Health Organization and this, in turn, has led to more 

fatality than malnutrition and being underweight combined 12. The rising obesity rate 

has led to a substantial rise in metabolic diseases such as diabetes mellitus type 2 (T2D), 
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hypertension, cardiovascular disease, non-alcoholic hepato-steatosis, and dyslipidemia 

13. 

Lipids comprise a wide range of molecules such as phospholipids, fatty acids, 

and triglycerides 14. These molecules represent a highly efficient energy resource. 

Recent studies have advanced our view of adipose tissue from being simply an energy 

store, into an active endocrine organ, which secretes several metabolically active 

adipokines such as leptin, adiponectin, and resistin. The latter play an essential role in 

glucose homeostasis and energy metabolism in our body 13. These molecules have been 

thought to have a critical role in energy homeostasis through communication with 

organs that maintain system-wide metabolic homeostasis such as the liver. Of the 

adipocyte-derived factors, adiponectin, and leptin are among the essential adipokines. 

Indeed, adiponectin analogs are now considered one of the promising new therapeutic 

targets for obesity-linked hyperglycemia, that can mitigate obesity and improve insulin 

sensitivity 15. 

Insulin resistance, as a consequence of such dysregulation associated with 

obesity, is what links the latter to T2D. Insulin resistance leads to dysregulation of 

glucose homeostasis via a combination of impaired glucose clearance and elevated 

glucose production in the liver. Adipose tissue is a major contributor to insulin 

sensitivity/resistance status. Too little fat mass, as seen in patients with lipodystrophy, 

results in a severe form of insulin resistance, and too much adipose mass can also result 

in a similar condition 16. The primary reason for the latter form of insulin resistance 

may be hypoxia in adipose tissue that leads to inflammatory lipo-toxicity 17. 

Currently it is unknown if the removal of excess subcutaneous fat tissue through 

surgical subcutaneous fat removal (SSFR; also known as body contouring surgeries 

such as liposuction or abdominoplasty) ameliorates the mass of hypoxic fat thus 
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reducing its consequences. Such surgeries have become very common because, 

although obesity can be prevented, maintaining a normal body weight can be very 

challenging and difficult and the increase in demand for SSFR has been driven by 

patients seeking an improved physical appearance 18. However, the precise effect of 

sudden removal of a patient’s body fat on metabolism is still not fully understood.  

In terms of weight reduction, Lifestyle changes are largely ineffective in the 

long term and there were no efficacious pharmacologic interventions until the recent 

use of GLP-1 analogues for this purpose. Bariatric surgery aims to induce weight loss 

by altering intestinal absorption and/or inducing changes in perceived satiety.  

Categories include gastric bypass, gastric banding and pancreatico-biliary diversion.  

The efficacy of bariatric surgery in the management of morbid obesity is well 

established 19. While bariatric surgery addresses the physiological root causes of 

obesity, surgical fat removal (SFR) tackles the physical manifestations 20 .  Options for 

SFR include en-bloc excision of skin and fat to the level of the muscle fascia, known 

as body contouring surgery (e.g. abdominoplasty, belt lipectomy, brachieplasty, thigh 

lift and breast reduction) and the percutaneous avulsion and aspiration of fat (e.g. 

liposuction) 21. Bariatric surgery-induced weight loss results in the depletion of fat 

stores from both subcutaneous deposits and the viscera (accounting for approximately 

20% of fat stores) 22, while SFR selectively depletes the subcutaneous stores.   

Fat is an endocrine organ  23. The long-term metabolic impact of fat loss by 

bariatric surgery is well documented 19,24.  Attempts have been made to evaluate the 

comparable metabolic impact of selective loss of subcutaneous fat 25–29 but uncertainties 

persist owing to the heterogeneity of variables and study parameters. It is important to 

seek clarity here, for while the metabolic benefits of bariatric surgery are well 

established, surgical fat removal continues to be considered cosmetic in nature and 
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subject to healthcare rationing.   

Additionally, non-surgical fat removal is one of the fastest areas of growth and 

innovation within the aesthetics industry.  Options, as mentioned previously, include 

cryolipolysis, laser lipolysis, radiofrequency ablation and high intensity focused 

thermal ultrasound (HIFU).  While the mechanism of action of each method differs, the 

result is the focused elimination of subcutaneous fat in a non-invasive manner.  The 

question of whether non-surgical fat removal (NSFR) exerts measurable, beneficial 

metabolic benefits remains unclear.  

1.4. Measures of Glucose Homeostasis after SSFR 

One test that has commonly been used to diagnose glycemic disorders is the oral 

glucose tolerance test (GTT) which is extensively used both in research as well as 

clinically as an indicator of gestational diabetes 30 but has been replaced for the 

diagnosis of Type 2 diabetes by the fasting plasma glucose (FPG) 31. In both humans 

and animals, the GTT provides an indication of the relative roles of insulin secretion 

and insulin resistance in the progression of glucose intolerance, can provide the best 

measure of glucose homeostasis and has the potential to diagnose patients with 

impaired glucose tolerance (IGT) even with normal FPG levels. This is of value because 

those patients are at higher risk of developing type 2 diabetes as well as cardiovascular 

diseases 32. 

Doi’s weighted average glucose (dwAG) is a novel index that represents a single 

value summary of the glucose excursion under the GTT. The latter is derived from only 

three time points on the GTT at 0, 60 and 120 minutes and was categorized into four 

levels in a previous study of gestational diabetes. These four categories differentiated 

between normal, impaired, abnormal, and severely abnormal glycemic states 30. 
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Several studies have investigated the metabolic impacts of the large volume 

subcutaneous fat removal during body contouring surgery, using different tests. The 

existing studies have been summarized in one systematic review and three meta-

analysis, and these syntheses suggest a possible improvement in insulin sensitivity, but 

a major challenge in interpreting these results is that they did not account for the 

heterogeneity of patients in terms of baseline body mass index (BMI), diabetic status 

and prior obesity (bariatric) surgery 33. This is of high importance to delineate the 

independent effect of SSFR on glucose homeostasis. 

1.5. Potential for Metabolic Sequelae after SSFR 

Research has found that even a small weight loss of ten percent can result in a 

significant improvement of obesity-linked metabolic abnormalities such as insulin 

resistance, high blood pressure, and abnormal inflammatory marker levels 34,35. 

Additionally, increased knowledge of the metabolic consequences of excess body fat 

and observations after bariatric surgeries 36, have suggested that there could possibly be 

a similar effect after SSFR. This has been examined in several studies, which measure 

hormonal changes before and after SSFR at different time points. These studies have 

been small and heterogeneous and have reported inconsistent effects on metabolic 

parameters such as insulin resistance, adipokine levels, and inflammation 37–49.  

1.6. Rationale of The Thesis  

 Despite the current drift towards seeking cosmetic plastic surgeries and 

procedures (SSFR & NSSFR) to improve body shape and image, there is still a lack of 

knowledge regarding the precise metabolic changes after these procedures, particularly 

the magnitude and duration of these changes. This includes alterations in body 

composition, glucose homeostasis and insulin resistance, inflammation, adipokines, 

blood pressure and lipid profile.  
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In turn, this will help us not only to confirm the safety of these procedures but 

also to define if these procedures can be used for metabolic benefit and to broaden our 

knowledge about the mechanisms underpinning excess ASF and associated metabolic 

consequences.  

1.7. Aims of The Thesis  

• To understand the current knowledge and gaps in literature regarding metabolic 

changes after SSFR. 

• To determine the exact magnitude and duration of these metabolic changes after 

SSFR & NSSFR.  

• To validate the Doi’s weighted average glucose as a measure of post-load glucose 

excursion for clinical use.  

• To examine changes in glucose homeostasis after SSFR.  

• To understand the impact of prior obesity surgery on changes in glucose 

homeostasis after SSFR. 

1.8. Objectives of The Thesis 

Each phase of the integrated project has specific objectives outlined below:  

Phase 1: Research synthesis  

Objective 1: To conduct an umbrella review that focuses on the metabolic sequelae 

after SSFR interventions for dealing with cosmetic body appearance, aiming to 

summarize the diversity of possible metabolic changes after SSFR along with gaps in 

the knowledge and future directions for research and practice. 

Phase 2: Dose response meta-analyses 

Objective 2: To conduct dose-response meta-analysis, aiming to examine the 

metabolic impact of SSFR with a view to establishing how these procedures impact 

patient physiology over time. 
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Objective 3: To conduct dose-response meta-analysis, aiming to examine the 

metabolic impact of NSSFR with a view to establishing how these procedures impact 

patient physiology over time. 

Phase 3: Quasi experiment  

Objective 4: To validate the Doi’s weighted average glucose as a measure of post-

load glucose excursion for clinical use.  

Objective 5: To examine the changes in glucose homeostasis after SSFR using the 

Doi’s weighted average glucose and HOMA-IR.  

Objective 6: To identify the impact of prior obesity surgery on changes observed in 

objective 5.  
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CHAPTER 2: DETAILS OF METHODS USED IN THIS PROGRAM OF 

RESEARCH 

 

2.1. Umbrella review  

This synthesis aims to examine the current knowledge and gaps in literature regarding 

metabolic changes after SSFR. This synthesis represents the first objective (phase 1) 

of this thesis, which is to conduct an umbrella review that focuses on the metabolic 

sequelae after SSFR interventions for dealing with cosmetic body appearance, aiming 

to summarize the diversity of possible metabolic changes after SSFR along with gaps 

in the knowledge and future directions for research and practice. 

2.1.1. Study inclusion and exclusion criteria.  

A search was conducted for evidence syntheses that synthesized data on the 

metabolic changes after SSFR. PubMed, Embase, and Scopus databases were searched 

without any date, language, or publication restriction but exclusion of non-English and 

animal studies, as well as non-surgical body fat removal and bariatric surgeries. 

2.1.2. Search strategy  

Search was conducted on the 8th of November 2021 by two independent authors using 

the polyglot Search Translator 50.  The search strings used are given in the 

supplementary material (Figure S1) for the syntheses that report changes in insulin 

sensitivity, inflammatory markers, and adipokines levels after SSFR. Data were 

extracted regarding synthesis type (systematic review or meta-analysis), title and 

author, year of publication, type of SSFR, a summary of included studies, follow-up 

duration after SSFR, and possible evidence gaps. Main findings were summarized 

regarding metabolic changes in terms of potential inflammatory and anti-inflammatory 

adipokines and other metabolic markers.   
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2.1.3. Quality assessment  

A MeaSurement Tool to Assess systematic Reviews-2 (AMSTAR-2) was used 

to assess the quality of the included syntheses and each included synthesis was 

examined against 16 quality safeguards to assess their methodological quality 51 . 

2.1.4. Ethical statement 

This article does not involve direct contact with human participants or animals 

performed by any of the authors. Informed consent and ethical approval are not 

required. 

2.1.5. Data synthesis 

A structured summary of findings was done for the eligible and included 

systematic reviews and meta-analyses. Metabolic change findings were assessed in 

three categories: insulin resistance, inflammatory markers and adipokines. For each of 

the categories, a separate table of findings was formulated. 

 

 2.2. SSFR dose response meta-analysis 

This synthesis aims to determine the exact magnitude and duration of the metabolic 

changes after SSFR. This synthesis represents the second objective (phase 2) of this 

thesis, which is to conduct dose-response meta-analysis, aiming to examine the 

metabolic impact of SSFR with a view to establishing how these procedures impact 

patient physiology over time. This in turn, establish whether surgical fat removal, 

similar to bariatric surgery, exerts measurable, lasting metabolic benefits. 

2.2.1. Search strategy 

A search string was initially designed in PubMed, then translated and run in 

Embase and Scopus using the Polyglot Search Translator 52. The search string was 

designed by an experienced information specialist and was run across all databases on 
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the 8th of November 2021. The search string was comprised of both medical subject 

heading (MeSH) terms and free-text terms.  Additionally, the online trials registers 

ClinicalTrials.gov and the national research register were scrutinized for completed, 

discontinued and ongoing trials relating to body contouring surgery and physiological 

and/or metabolic parameters. The search strategy was performed in accordance with 

the Cochrane Highly Sensitive Search Strategy guideline in the Cochrane Handbook 

for Systematic Reviews of Interventions 53. The review is reported in line with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).  Full 

search strings for all databases and PRISMA checklist are available in Supplementary 

Figures 3 and 4. 

2.2.2. Inclusion criteria 

Papers were included if they provided quantitative data permitting analyses of 

the effect of SFR (abdominoplasty or suction lipectomy) on physiology and/or 

metabolism.  Only human studies were considered.  No date, language or publication 

limits were applied to the search. 

2.2.3. Exclusion criteria 

Non-human (in vivo) studies were excluded from consideration as were studies 

that used non-surgical fat removal procedures.   

2.2.4. Quality assessment 

The quality assessment of the eligibly included articles was independently done 

by two reviewers utilizing the MethodologicAl Standard for Epidemiological Research 

(MASTER) scale 54. This scale evaluates each included study against 36 safeguards 

across seven domains that, if present, may mitigate systematic error in the trial. Then a 

quality rank for each assessed article was computed and was reported qualitatively. The 

MASTER scale provided a unified framework for the assessment of the methodological 
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quality of quasi-experimental and randomized controlled trials included in this 

synthesis.                                                          

2.2.5. Outcome measures 

The outcome measures sought encompassed 6 domains.  These included 

anthropometrics/ body composition, serum adipokines, inflammatory cytokines, 

glucose homeostasis, lipid profile and blood pressure.  Data units were unified to the 

Systeme International d'Unites (SI) units. Specifically, the quantitative data extracted 

(before and after SFR) included 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 plasma glucose (FPG), fasting insulin, and 

homeostatic model assessment 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 diastolic blood pressure (DBP).  

Other metabolic variables that were reported in less than 5 studies were 

excluded such as waist hip ratio, body fat percentage, free fat mass, bone mineral 

content, interleukin-10, 2-hour post prandial glucose, VLDL-cholesterol, whole-body 

glucose disposal, glucose oxidative metabolism, nonoxidative glucose metabolism, 

lipid oxidative metabolism and glycerol. 
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2.2.6. Data extraction  

Data were retrieved from all full text articles by two authors. Where necessary, 

clarification was sought with the senior author (SD).  

2.2.7. Statistical methods   

In order to establish an “average” dose-response relationship between the 

outcome parameters (metabolic changes) and time based on the data of all available 

studies, the robust-error meta-regression (REMR) model was employed in this study 55. 

This is a one-stage approach that treats each study as a cluster and uses robust error 

variance to address the potential correlations among the within-study effects as these 

effects share the same reference within the study. A non-linear curve was fitted using 

restricted cubic splines with three knots. The Wald test was used to test potential non-

linearity by assuming the coefficient of the non-linear terms was zero. All analyses were 

performed using the REMR module in Stata version 15, College Station, TX, USA.  

 

2.3. NSSFR dose response meta-analysis 

This synthesis aims to determine the exact magnitude and duration of the metabolic 

changes after NSSFR. This synthesis represents the third objective (phase 2) of this 

thesis, which is to conduct dose-response meta-analysis, aiming to examine the 

metabolic impact of NSSFR with a view to establishing how these procedures impact 

patient physiology over time. This in turn, help to establish whether nonsurgical fat 

removal exerts measurable, lasting metabolic benefits by way of changes to serum 

lipid profiles. 

2.3.1. Search strategy 

A search string was designed using relevant MeSH terms in PubMed, Cochrane 

CENTRAL, and Embase databases, as well as online clinical trials registers using the 
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Polyglot Search Translator 52. The search strategy and used strings were designed and 

conducted by the first author (SB) and an experienced information specialist (JC) and 

were run across all databases on the 10th of March 2022. The search string included 

both medical subject heading (MeSH) terms and free-text terms. The online trial 

registers were searched at ClinicalTrials.gov and the national research register were 

examined as well for relevant trials relating to non-surgical body contouring procedures 

targeting the abdominal area and body compositions, and physiological and/or 

metabolic changes.  

The Cochrane Highly Sensitive Search Strategy guideline in the Cochrane 

Handbook for Systematic Reviews of Interventions was adopted during the search 

process 53. The results were reported in line with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA).  Full search strings for all 

databases and the PRISMA checklist are available in Supplementary Figures 6 and 7. 

2.3.2. Inclusion criteria 

Papers and trials were included if they provided quantitative data permitting 

analyses of the effect of non-surgical body contouring procedures (Ultrasound, 

cryolipolysis, radiofrequency, and high intensity electromagnetic) on body 

compositions, and physiology, and/or metabolism.  Only human studies that target the 

abdominal areas were considered.  No search restrictions for a date, language, or 

publication were applied. 

2.3.3. Exclusion criteria 

Non-human (in vivo) studies were excluded from consideration as were studies 

that targeted other anatomical areas (e.g., thighs and arms) and studies on surgical body 

contouring procedures (eg. Abdominoplasty).  

2.3.4. Quality assessment 
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The quality assessment of the eligibly included articles was independently done 

by two reviewers (SB and NJ) utilizing the MethodologicAl Standard for 

Epidemiological Research (MASTER) scale 54. This scale evaluates each included 

study against 36 safeguards across seven domains that, if present, may mitigate 

systematic error in the trial. The MASTER scale delivered a robust framework for 

assessing the methodological quality of the included quasi-experimental and 

randomized controlled trials in this paper.                                                          

2.3.5. Outcome measures 

The outcome measures sought include two domains.  These included body 

compositions/ anthropometrics and lipid profiles.  Data units were unified to the 

Systeme International d'Unites (SI) units. The extracted quantitative data (before and 

after non-surgical body contouring procedures) included the following markers:  

1. Body compositions/ anthropometric: body mass index (BMI), body weight (BW), 

waist circumference (WC), and abdominal fat thickness (FT). 

2. Lipid profile:  low-density lipoprotein (LDL), high-density lipoprotein (HDL), 

triglycerides (TG), total cholesterol (TC).  

Other body measurements and physiological/metabolic variables that were 

reported in less than 5 studies were excluded such as other anthropometrics 

measurements (e.g. hip circumference), fasting glucose, fasting insulin, Homeostatic 

Model Assessment for Insulin Resistance (HOMA-IR), leptin, fatty acids, C-reactive 

protein, very-low-density lipoprotein (VLDL), alanine aminotransferase (AST), and 

aspartate aminotransferase (ALT).  

2.3.6. Data extraction  

Studies screening and data collection were retrieved from all full-text articles 

by four authors. Where necessary, clarification was sought with the senior author.  
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2.3.7. Statistical methods   

An “average” dose-response relationship between the measured outcome 

parameters (body compositions and lipid profile) and time elapsed after the body 

contouring procedure was established using the robust-error meta-regression (REMR) 

model 55. Which represents a one-stage approach that treats each study as a cluster. The 

robust error variance was used in order to address any possible correlations among the 

within-study effects, because these effects share the same reference within the single 

study. A non-linear curve was fitted using restricted cubic splines with three knots. The 

Wald test was used to test potential non-linearity by assuming the coefficient of the 

non-linear terms was zero. All analyses were performed using the REMR module in 

Stata version 15, College Station, TX, USA.  

 

2.4. Validation of Doi’s weighted average glucose as a measure of post-load 

glucose excursion for clinical use 

The previous aims suggested that insulin resistance is the main metabolic change 

associated with SSFR and therefore it became necessary to assess both insulin 

resistance and beta-cell function in relation to these procedures.  It became clear that 

some form of glucose excursion measure needed to be used for subsequent studies in 

this program of research, and therefore, we began by validating a measure proposed 

by a member of the research team so it can be used subsequently. This study aims to 

validate the Doi’s weighted average glucose “dwAG”. This study represents the 

fourth objective (phase 3) of this thesis, which is to validate the dwAG as a measure 

of glucose excursion. Which is later to be used in examining changes in glucose 

homeostasis after SSFR. In this study, we examined the performance of the novel 

index of glucose excursion (the dwAG) in relation to the conventional measure of area 
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under the oral glucose tolerance test (O-GTT) and the homeostatic model assessment 

for insulin sensitivity (HOMA-S) and pancreatic beta cell function (HOMA-B). A 

cross-sectional comparison of the new index was conducted using 66 oral glucose 

tolerance tests (GTTs) performed at different follow-up times among 27 participants 

who had undergone surgical subcutaneous fat removal (SSFR). 

 

2.4.1. Subjects 

We studied twenty-seven consecutive eligible patients who underwent body 

contouring surgery at the Department of Plastic Surgery, Hamad General Hospital, in 

the period between July 2021 and June 2022. Sixteen participants were obese (59%) 

and four patients were diagnosed with type 2 diabetes mellitus (15%).  A GTT was 

performed at three different time points before and after surgery (visit one: within 1 

week before surgery, visit two: 1 week after surgery, and visit three: 6 weeks after 

surgery). After taking a detailed medical history and complete physical examination, 

patients with comorbidities were excluded except for type 2 diabetes mellitus who were 

not on insulin therapy. All subjects signed an informed consent before starting the 

study, which was approved by the Institutional Review Board at Hamad Medical 

Corporation and Qatar University (MRC-01-20-466, and QU-IRB 1412-EA/20 

respectively), and by the Institutional Bio-safety Committee at Qatar University (QU-

IBC-2020/066). 

2.4.2. Study design  

The research design in this study was a cross-sectional comparison of a standard 

and new method of assessing glucose excursion under the GTT. The GTT was 

administered using 75 gm oral glucose with 6 time points of glucose measurements 

(fasting(gtt0), 15 minutes(gtt15), 30 minutes(gtt30), 45 minutes(gtt45), 60 
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minutes(gtt60) and 120 minutes(gtt120) in mmol/L). For each of the GTT’s, glucose 

excursion was computed using: 

a) standard method: Tai’s trapezoidal rule for area under the GTT (A-GTT) 56 expressed 

as mmol/L/2h using six GTT values (0, 15, 30, 45, 60 and 120 minutes). 

b) new method: Doi’s weighted average glucose (dwAG) 57 calculated using the 

formula (gtt0 × 0.28) + (gtt60 × 0.36) + (gtt120 × 0.36) and expressed as actual 

glucose values in mmol/L. The dwAG represents a single value summary of the glucose 

excursion under the GTT using only the three time points (0, 60 and 120 minutes) in 

routine GTT’s for diagnostic use  57. The dwAG value was categorized into four 

categories: dwAG0 ≤ 6.8, dwAG1 > 6.8 & ≤ 7.5, dwAG2 > 7.5 & ≤ 8.6 and dwAG3 > 

8.6 mmol/L based on four levels of risk previously defined for women with gestational 

diabetes 57. The four levels of dwAG reflect normal, impaired, abnormal, and severely 

abnormal dwAG values, respectively. 

 

The Oxford HOMA2 Calculator was used to compute HOMA-IR (anchored at 

1 for normal insulin sensitivity) by means of FPG and fasting C-peptide 58. The GTTs 

were classified into two patterns or shapes that indicate a higher level of beta cell 

dysfunction:  

a) Those that peaked after 30 minutes (Y/N) defined as a maximum value after 30 

minutes (or peaked after 45 minutes if the value at this time only exceeded the 30-

minute value by <0.25mmol/L) 59.  

b) A biphasic GTT which was defined as a GTT with 120 min glucose ≥0.25 

mmol/L higher than at 60 minutes 60. 

2.4.3. Statistical analysis 

Comparisons across categories were made using box plots and the Kruskal-
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Wallis one-way ANOVA on ranks which extends the Mann–Whitney U test, which is 

used for comparing only two groups. Passing-Bablok regression was used to compare 

both methods of computing glucose excursion and is a linear regression procedure with 

no special assumptions regarding the distribution of the samples and the measurement 

errors 61. The result does not depend on the assignment of the methods for glucose 

excursion to X and Y.  A linear regression model with two categorical predictors (peak 

after 30 minutes and biphasic GTT) was used to assess mean values of dwAG, A-GTT, 

HOMA-S and HOMA-B in groups defined by these factors. Finally, the dependence of 

dwAG on HOMA insulin sensitivity and HOMA beta cell function was modeled in 

linear regression using restricted cubic splines and using the values of both HOMA-S 

and HOMA-B indices centered at 100%. Stata version 15 (College Station, TX, USA) 

was used for all analyses and exact P values were reported throughout.  

 

2.5 Alteration in glucose metabolism after SSFR and the impact of prior obesity 

surgery 

This study aims to examine changes in glucose homeostasis after SSFR and to 

understand the impact of prior obesity surgery on changes in glucose homeostasis 

after SSFR. This study represents the fifth & sixth objectives (phase 3) of this thesis, 

which is to examine the changes in glucose homeostasis after SSFR using the dwAG 

and HOMA-IR, and to identify the impact of prior obesity surgery on these changes.  

In this study we aimed to evaluate the impact of SSFR on glucose excursion and 

insulin resistance in such patients, by examining them over three visits before and 

after surgery. The independent impact of SSFR and prior obesity surgery on glucose 

homeostasis was evaluated, irrespective of patients’ BMI and diabetic status.  

2.5.1. Subjects 
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We studied twenty-nine consecutive eligible patient who were planned to 

undergo abdominoplasty or lower body lift surgery (liposuction cases were excluded) 

at Hamad General Hospital, in the period between July 2021 and December 2022. All 

subjects had a stable weight for at least 6 months before the surgery with a fluctuation 

of less than 3% of body weight. Patients with comorbidities were excluded except for 

type 2 diabetes mellitus (T2D). Diabetic patients on insulin therapy were excluded. 

Patients with a history of obesity surgery were excluded if the surgery was less than 2 

years before the body contouring surgery. All subjects signed an informed consent 

before starting the study.  

2.5.2. Study design and reporting 

The research design in this study was a quasi-experiment with three-time points. 

A quasi-experimental design lacks individual patient randomization, but it has 

allocation of treatment by the researcher, and the longitudinal nature of this design 

means that the same patients act as their own control. This design was chosen because 

the classical experimental design (randomized controlled trial) is not appropriate for 

this type of study. Outcome variables of interest were measured at three time-points 

which were the patient hospital visits (visit one: within 1 week before surgery, visit 

two: 1 week after surgery, and visit three: 6 weeks after surgery). The TREND reporting 

guideline for nonrandomized/quasi-experimental study designs was used to guide the 

reporting in this paper (see supplementary figure 9) 62. 

 

2.5.3. Patient measurements 

Collected outcome variables during the three visits included patient age, gender, 

comorbidities and medications, history of obesity surgery, vital signs,  body fat 

composition measurements using bioelectrical impedance analysis (TANITA® 
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segmental body composition scale) before and after surgery, details of the surgical 

procedure including type of surgery and the weight of fat mass removed (in grams), 

OGTT using 75 gm oral glucose with 6 time points of glucose measurements 

(fasting(gtt0), 15 minutes(gtt15), 30 minutes(gtt30), 45 minutes(gtt45), 60 

minutes(gtt60) and 120 minutes(gtt120) in mmol/L), fasting insulin (pmol/l) and c-

peptide (nmol/l), hemoglobin A1c (HBA1c; (%)), lipid profile (LDL, HDL and 

triglyceride in mmol/l), c-reactive protein (CRP; (mg/l)), interleukin-6 (IL-6; (pg/ml)), 

vitamin D (ng/ml), and procedure details such as type of surgery and amount of fat mass 

removed. The HOMA-IR (anchored at 1 for normal insulin sensitivity) was calculated 

by means of the fasting plasma glucose and fasting c-peptide using the University of 

Oxford HOMA2 calculator 63. For each of the GTT’s, glucose excursion was computed 

using Doi’s weighted average glucose (dwAG) 57 and was categorized into four 

categories: dwAG0 ≤ 6.8, dwAG1 > 6.8 & ≤ 7.5, dwAG2 > 7.5 & ≤ 8.6 and dwAG3 > 

8.6 mmol/L based on four levels of risk previously defined for women with gestational 

diabetes 57. The four levels of dwAG reflect normal, impaired, abnormal, and severely 

abnormal dwAG, respectively. The dwAG has been validated 64 against the area under 

the GTT curve.  

2.5.4. Blood Samples and assays 

Fasting blood samples were collected, immediately processed, and stored frozen 

at -80OC pending analysis. All assays were performed at the central laboratory of 

Hamad Medical Corporation, a laboratory accredited by the College of American 

Pathologist (CAP) and Joint Commission International (JCI).  

Plasma glucose was measured using a hexokinase-based enzymatic method, the 

coefficient of variation for the assay was 1.2% at a mean glucose value of 5.3 mmol/L 

during the study period.  Total cholesterol, triglycerides, and high-density lipoprotein 



 

  

  

23  

cholesterol (HDL-C) levels were measured enzymatically. Low-density lipoprotein 

cholesterol (LDL-C) was calculated using the Friedewald equation.  Serum 25(OH)D 

concentration (included both vitamin D2 and vitamin D3 fractions) was measured using 

electrochemiluminescence immunoassay (Vitamin D Total II, Roche, North America, 

USA).  Plasma insulin and C peptide concentrations were measured on EDTA plasma 

(0.1 mL) using a sandwich-based assay on microparticles detected by fluorescence 

according to the manufacturer recommendations (insulin and C peptide Elecsys kits, 

Roche, North America, USA). The detection ranges were between 0.2-1000 mIU/mL 

and 0.01-40 ng/mL, for insulin and c peptide, respectively. The intra-assay and inter-

assay variations were less than 5% for both assays. The plasma concentration of C-

reactive protein (CRP) was measured using a particle enhanced immunoturbidimetric 

assay following the manufacturer recommendation (cobas CRP Test, Roche 

Diagnostics, North America, USA); the CRP in the diluted plasma binds with the CRP 

antibody on latex particles; the concentration of CRP is calculated as a function of the 

changed absorbance measured at 525 nm and 625 nm which is in relation to the amount 

of agglutination.  The detection range is 3.0‐400 mg/L and intra- and inter-assay 

variations are less than 4%.  Interleukin 6 (IL-6) was measured by a non-competitive 

(sandwich) chemiluminescent immunoassay (Elecsys® IL-6, Roche Diagnostic, North 

America USA).  The assay measures a range of 1.5−5000 pg/mL, with an inter-assay 

precision of 17.4 % (at 1.82 pg/mL) and 2.0 % (at 4461 pg/mL) and a stated reference 

value <7 pg/mL.   

All subjects had an oral glucose tolerance test (OGTT) with a 75 gram glucose 

challenge and blood sampling at 0, 15, 30, 60, 90 and 120 min.  Blood samples during 

the OGTT were collected in plain microtubes, rapidly centrifuged in a micro-centrifuge, 

and the supernatant serum was assayed for glucose concentrations using Analox 



 

  

  

24  

(Analox Instrument Ltd, GM9, UK).   

2.5.5. Statistical analysis 

Descriptive statistics were computed (median and interquartile range or number 

and percent) to report patient variables across time-points. Because the data collected 

over time (three-time points) are correlated, the methods used for longitudinal data 

analysis accounted for the correlated nature of the data. A cluster robust error logistic 

regression analysis was conducted to assess predictors of glucose excursion with the 

clusters being the individual patient. Two outcomes were analyzed in two separate 

analyses, with outcomes being either upper tertile HOMA-IR (model 1) or severely 

abnormal glucose excursion (measured through the dwAG; model 2). Only patient 

characteristics deemed important prognostically for these outcomes were adjusted for 

in these models. The mass of fat removed was not included in the models because it 

was a proxy for degree of obesity. Predictive margins from the logistic model were 

computed as a way of presenting model results in the scale of interest (probability), not 

in the estimation scale (logit) as the latter is more informative than odds ratios. A 

predictive margin is a generalization of an adjusted mean applied to the nonlinear model 

(logistic regression model) thus using the estimated model to make predictions on 

different values of a covariate to evaluate its effect on the outcome. Stata version 15 

(College Station, TX, USA) was used for all analyses and exact P values were reported 

throughout. 
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CHAPTER 3: METABOLIC CONSEQUENCES OF SSFR 

3.1. Main objectives and methods summary  

This study is an umbrella review of metabolic sequelae after SSFR interventions 

for dealing with cosmetic body appearance. The purpose of this review is to examine 

the existing literature to develop a clearer understanding of potential changes after 

SSFR, such as insulin resistance, adipokine levels, inflammatory markers, appetite, and 

satiety as well as to identify existing gaps in knowledge.  

To address the main objectives above, a search was conducted for evidence 

syntheses that synthesized data on the metabolic changes after SSFR. PubMed, Embase, 

and Scopus databases were searched without any date, language, or publication 

restriction but exclusion of non-English and animal studies, as well as non-surgical 

body fat removal and bariatric surgeries. A structured summary of findings was done 

for the eligible and included systematic reviews and meta-analyses. Metabolic change 

findings were assessed in three categories: insulin resistance, inflammatory markers 

and adipokines. For each of the categories, a separate table of findings was formulated. 

Further details of the methods used are discussed in Chapter 2. 

 

3.2. Results 

3.2.1. Study selection 

A search in the three databases; PubMed, Embase, and Scopus on 

(08/11/2021) resulted in 444 studies. A total of 186 duplicate studies were excluded. 

The remaining 258 articles were screened by title and manuscript for eligibility of 

which six met inclusion criteria. One synthesis was in French and was excluded from 

this umbrella review 65, while another was excluded as it reported changes in weight 

and fat mass only 66. There were thus three meta-analyses and one systematic review 
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included, and (Figure 1) depicts the PRISMA flow diagram for the selection of 

studies.  

 

Figure 1. PRISMA flow diagram of the study selection process. 

The first synthesis was conducted in 2013 67, and since then, another three 

syntheses have been published 3,4,68. None of the four included syntheses (fifteen, 

fourteen, twelve, and eleven studies included) examined the time trend after SSFR, and 

thus they looked at metabolic changes through quantitative analyses (if any) did not 

consider the heterogeneity in follow-up duration across studies. This umbrella review 

summarizes the changes reported in three categories: insulin resistance, inflammatory 
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markers, and adipokines levels. Quality assessment of the included syntheses 

demonstrated that most of them included PICO components in the review, explanation 

of inclusion criteria, justification for the excluded studies, use of a satisfactory quality 

assessment tool in studies included in the review and adequate description of the 

included studies. See supplementary material Figure S2.  

3.2.2. Impact of SSFR on Insulin resistance  

Several studies had measured changes in insulin resistance status after SSFR 

using different tests such as measuring fasting glucose, fasting insulin, and the 

Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) 46,49,69, insulin 

tolerance test (ITT) 70, oral glucose tolerance test 45,71, and the gold standard glucose 

clamp test 44,72. Apart from the glucose clamp test, most of these tests are not accurate 

in assessing the change in insulin sensitivity, and the studies that used the glucose clamp 

test had a small sample size and a lot of variability among participants in terms of 

diabetic status, and degree of obesity. The challenge behind using accurate tests such 

as the hyper insulinemic glucose clamp and the intravenous glucose tolerance test is the 

fact that they are very demanding 73. 

Across three meta-analyses (MAs) and one systematic review (SR) examining 

the effect of SSFR on insulin sensitivity, most of the evidence suggests a possible 

improvement in obesity-associated insulin resistance, however, there was a lack of 

clarity regarding the extent of the effect and clinical significance. This was because 

there were major problems in the design and analysis of the MAs and therefore results 

couldn’t be interpreted. There was also no clarity on the extent of the changes across 

the studies since there was a focus on statistical significance only. In summary, 

syntheses were inconsistent, there was a trend towards improvement in insulin 

sensitivity, and the clinical extent or duration of any improvement remained unclear. 
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The impact of SSFR on insulin resistance thus remained unknown given the data 

reported in (Table 3.1) and we recommended that a dose response meta-analysis was 

needed to answer this question.  
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Table 3.1. Syntheses That Report Changes in Insulin Sensitivity After SSFR 

 Synthesis 
author 

and year 

Synthesis 
type 

Type 
of 

SSFR 

Included 
studies 

follow up Main finding Remaining evidence gaps 

1. Sailon et 
al. 2017 3 

SR  Lipos
uction 

Ten 
prospective 
studies (346 
participants)
, which 
examined 
large 
volume 
liposuction 
(>3.5 liters).  
 

3 weeks - 6 
months.  

Author reported 
conflicting results but 
stated that surgical fat 
removal by large volume 
liposuction can improve 
insulin sensitivity. No 
clear extend of change 
was reported.  
 
 
 

This SR focused examining the 
statistical significance of these 
changes post SSFR, without 
reporting the extent of change, or 
its clinical importance. The review 
had substantial heterogeneity in 
terms of participants baseline 
characteristics, included studies 
sample size, and different 
assessment tools for insulin 
resistance.   

2. Seretis et 
al. 2015 4  

 

 

 

 

 

 

MA Lipos
uction 
+ 
Abdo
minop
lasty 

Four studies 
(140 
participants)
.  

2 months- 
2 years.  

Fasting glucose levels 
changes after SSFR were 
not statistically 
significant (1.42, 95% CI: 
−1.57, 4.40).  Changes in 
insulin sensitivity were 
also assessed either by 
insulin tolerance test or 
HOMA index, however 
the result reported lack of 
significant change after 
SSFR (0.14, 95% CI -
0.69-0.96).  

This MA included studies that were 
so contrived in terms of control 
group that no conclusion was 
possible. The small number of 
studies limited its validity and 
prevented subgroup analysis 
according to certain confounders 
such as age or BMI.  
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 Synthesis 
author 
and year 

Synthesis 
type 

Type 
of 
SSFR 

Included 
studies 

follow up Main finding Remaining evidence gaps 

4. Danilla et 
al., 2013 
67 

MA Lipos
uction 

Five quasi 
experiment 
studies (111 
participants)
.  

 

 

3 weeks - 1 
year. 

Analysis reported that 
SSFR result in decreased 
fasting insulin levels, and 
the amount of reduction 
was associated with the 
amount of aspirated fat, 
independent with the 
baseline BMI. No 
significant change was 
reported in HOMA-IR 
levels after SSFR.  

Although this MA studied the 
effect of time on the SSFR induces 
changes in insulin resistance, the 
sample size of the included studies 
was small.  

SSFR; surgical subcutaneous fat removal. SR; systemic review. MA: meta-analysis. CI; confidence interval. BMI; body mass index. HOMA-IR; 

Homeostatic Model Assessment for Insulin Resistance. 
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3.2.3. Impact of SSFR on Inflammation  

Obesity is associated with chronic low-grade inflammation. This is a result of 

the increased influx of immune cells to the fat tissue, as well as the increased secretion 

of inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a) 13. Adipocytes 

have an equal proinflammatory effect on the macrophages 74. This inflammatory status 

is thought to be the mechanism behind most of the obesity-linked metabolic disorders 

13.  

One SR and one MA examined the effect of SSFR on multiple inflammatory 

markers such as TNF-a, C-reactive protein (CRP), and Interleukin-6 (IL-6), and the 

findings are detailed in (Table 3.2).  In summary, the syntheses combined 

heterogeneous studies with different follow-up times. Conclusions varied between no 

change after SSFR or lower levels of IL-6 and TNF-a after surgery. However, the extent 

and time-trend were not reported, thus a dose response meta-analysis remained a needed 

future task.  
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Table 3.2.  Syntheses That Report Changes in Inflammatory Markers After SSFR  

 Synthesis 
author and 

year 

Synthesis 
type 

Type of 
SSFR 

Included studies Follow 
up 

Main finding Remaining evidence 
gaps 

1. Sailon et 
al. 2017  3 

SR Liposuction Four prospective studies (210 
participants). The review 
examined the effect of large 
volume liposuction (more 
than 3.5 liters) on IL-6 and 
TNF-α. 

10 
weeks - 
6 
months.  

Two studies reported a 
statistically significant 
decrease in plasma IL-6 and 
TNF-α levels.  

Neither a clear 
extend of change, 
nor the clinical 
significance was 
reported.  

2. Danilla et 
al. 2013 67 

MA Liposuction Eight prospective studies (239 
participants) examined the 
changes in CRP (4 studies), 
IL-6 (3 studies), and TNF-a (3 
studies).   

 1 - 6 
months.  

No association between the 
amount of aspirated fat and 
serum levels of CRP, IL-6, 
and TNF-a.  

No clear report on 
the results, rather 
than just a general 
conclusion of no 
association.  

SR; systemic review. MA: meta-analysis. CI; confidence interval. CRP; c-reactive protein. IL-6; interleukin 6. TNF-a; tumour necrosis factor- 

alpha.   
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3.2.4. Impact of SSFR on adipokine levels 

Changes in the adipokines have been examined by only one SR and one MA, 

and both reported a reduction of leptin levels after SSFR. However, there was 

heterogeneity in the reported changes in other adipokines such as adiponectin and 

resistin (Table 3.2). 
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Table 3.3. Syntheses That Report Changes in Adipokines After SSFR 

 Synthesis 
author and 

year 

Synthesis 
Type 

Type 
of 

SSFR 

Included studies Follow up Main finding Remaining evidence gaps 

1. Sailon et 
al.  2017 3 

SR Liposu
ction 

Five prospective studies (225 
participants) examined the 
effect of large volume 
liposuction (> 3.5 liters) on 
adipokines levels (namely 
leptin and adiponectin). 

10 weeks- 6 
months. 

Leptin was examined by 4 
studies, which all reported 
a statistically significant 
reduction. Adiponectin 
was assessed in all 
studies, two of which 
reported a significant 
increase. 

Neither a clear extend of 
change, nor the clinical 
significance was reported. 
Other adipokines were not 
assessed. 

2. Danilla et 
al. 2013 67 

MA Liposu
ction 

Six quasi experiment studies 
(191 participants) examined 
the effect of SSFR on leptin 
levels. 

6 weeks - 6 
months. 

The MA showed a 
statistically significant 
reduction in leptin levels 
(Coefficient: 0.18). This 
reduction was 
proportional to the 
amount of aspirated fat, 
and patient BMI. 

The study didn’t report the 
changes in other 
adipokines, nor the clinical 
significance of the reported 
changes. 

 

SR; systemic review. MA: meta-analysis. SSFR; surgical subcutaneous fat removal. BMI; body mass index. 
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3.2.5. Summary of findings 

This umbrella review summarizes four attempts at evidence synthesis on the 

metabolic changes after surgical fat removal, with a total of 29 unique studies included 

and 759 total participants. There was a possible improvement in obesity-associated 

insulin resistance, however, there was a lack of clarity regarding the extent of the effect 

and clinical significance. Nevertheless, it seems likely that ASF removal is associated 

with improved insulin sensitivity. In terms of inflammation, one of the two syntheses 

reported that ASF removal results in a lower degree of IL-6 and TNF-a, and thus 

potentially a more favorable metabolic risk profile. These syntheses also reported a 

reduction of leptin levels after ASF removal through surgery. There was heterogeneity 

in the reported changes in other adipokines such as adiponectin and resistin. Clearly, 

the data from previous studies are not conclusive, nevertheless, it seems likely that 

SSFR is associated with improved insulin sensitivity and lower levels of inflammatory 

cytokines.  

 3.3. Current gaps in the literature  

It is true that existing studies were of small sample size, heterogeneous in terms 

of baseline body mass index (BMI), type and amount of SSFR, gender differences, as 

well as participants behavior in terms of diet and exercise 75. While this has a bearing 

on the results of this paper, a meta-analysis generates an average effect over the multiple 

studies and those till date 76–81 have failed to generate consensus because they did not 

address the heterogeneity in follow up duration among the included studies. Our dose 

response meta-analysis (DRMA) 82 aimed not only to pool previous studies to reach a 

bigger sample size and stronger conclusion, but also to account for differences in 

follow-up time. Thus, regardless of the existing heterogeneity in patient characteristics, 

there was a metabolic effect demonstrable for SSFR and these results are consistent 
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with the observation that even a small amount of fat reduction can have a significant 

metabolic benefit on insulin sensitivity, inflammation, and blood pressure 83,84.  

With the current advancement in our understanding regarding fat tissue being 

an active endocrine organ rather than an energy store, as well as the accelerating 

increase in demand for such body contouring surgeries (that lead to SSFR) to improve 

body shape quickly, it is essential to further investigate the metabolic changes after 

these surgeries, not only to confirm the safety of these procedures, but also to help us 

to understand the mechanisms underpinning the link between obesity and metabolic 

diseases and the impact of various patient differences on metabolic sequalae. Our meta-

analysis is reassuring in that metabolic safety seems plausible and therefore the focus 

now needs to be on additional sources of population heterogeneity such as existing 

comorbidities such as diabetes mellitus and history of previous bariatric surgery, which 

could alter the metabolic trajectory after SSFR. As Seretis aptly concludes, future 

controlled studies with homogenous samples, proper methodology, and adequate 

follow-up remain of high importance to clarify the role of different patient factors on 

metabolism after surgical 82nd non-surgical 85 fat removal.  

3.4. Implications for future research 

3.4.1. The role of ASF versus AVF in human metabolism  

Central obesity in the abdominal area represents one of the essential components 

of metabolic syndrome, along with insulin resistance, elevated serum triglyceride, 

blood pressure, and low high-density lipoproteins, and it is distributed between the ASF 

and AVF compartments 4 Although some studies have linked the metabolic risk of 

obesity mainly to the AVF tissue 9,86, others have proposed that both AVF and ASF 

play a role in metabolic risk 3. Generally, subcutaneous fat mass is more than twice the 

visceral fat mass, especially among females 87. As a result, 85% of bloodstream free 
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fatty acids come from the subcutaneous fat stores, which is a major contributor to 

systemic insulin resistance by inhibiting glucose uptake by skeletal muscles 88. There 

is evidence from some studies among healthy men 89 and those with T2DM 90 that ASF 

may be more strongly correlated with insulin resistance than AVF. There has also been 

a report from a study of a healthy cohort of mixed genders that ASF correlates with 

insulin resistance independently of AVF, but not the other way around 91. To sum this 

up, there is some evidence from the umbrella review as well as other studies suggesting 

that ASF may make an important contribution to obesity-related metabolic change, and 

this thus can be a mechanism through which SSFR can create a more favorable 

metabolic profile.  

When studies have looked directly at the added impact of AVF on metabolism, 

by examining the effect of adding omentectomy to bariatric procedures, results were 

inconsistent. Some studies reported that it could result in better glucose homeostasis 

and lower inflammatory markers 92,93. Conversely, others reported a lack of clinical 

improvement in the metabolic profile 94–96. Many open questions remain therefore about 

the role of AVF versus ASF and part of the problem lies in their study design, for 

example the lack of clarity regarding patient selection, determining the type of surgery, 

the parameters that needed to be measured, and accounting for patient factors 97. In 

addition, there were also technical limitations of older studies regarding advanced 

imaging technologies to measure visceral adipose tissue accurately. At a more 

fundamental level, improved knowledge of all aspects of adipose biology, including 

adipose tissue cellular heterogeneity 98,99 as well as divergent responses to metabolic 

and endocrine stimuli that will be required to make significant advances and resolve 

the problem highlighted above 100. In addition, a recent genome-wide association study 

also shows the contribution of genetics to visceral adiposity and its relation to 
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ethnicities and gender in the context of metabolic disease. In particular, the study 

suggests that increased AVF is more harmful compared with ASF, but it is not clear 

why this should be the case 101. 

3.4.2. Adipokines  

To determine why SSFR impacts adipokines levels, one needs to understand the 

roles of adipocyte-derived factors, as well as their effects on intermediary metabolism. 

Adipocyte-derived factors need to be understood in terms of source, relation to obesity, 

and main function. (Tables 4 & 5) summarize the inflammatory and anti-inflammatory 

adipokines, the most well-known candidates are leptin, and interleukin-6 (IL-6).  
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Table 3.4. Description of The Potential Inflammatory Adpokines 

 Hormone Source Observed changes in obesity Main function 

1. Leptin 102 Mainly from 
adipocytes. 
 

It is a well-known marker of 
obesity. 
 

It is a satiety hormone, that regulate body weight by 
suppressing the feeling of hunger, inhibit fat storage, 
and promote fatty acid oxidization.  It also promotes 
inflammation. 

2. Resistin 103 Adipocytes, monocytes, 
and macrophages. 

Increased in obesity, insulin 
resistance, and diabetic 
patients. 

It is a pro-inflammatory adipokine. It is thought to 
play a role in insulin resistance. 

3. Fatty acid 
binding 
protein- 4 
(FABP-4) 105 

Adipocytes and 
macrophages. 
 

Increased in obesity, insulin 
resistance, and diabetic 
patients. 

Play a role insulin resistance and inflammation. 

4. Retinol binding 
protein (RBP-
4) 105 

Adipocytes (especially 
visceral fat), 
macrophages, and liver. 

Increased in obesity, insulin 
resistance, and diabetic 
patients. Associated with 
hypertension, and 
dyslipidemia. 

Act as a transporter for retinol and play a role in 
insulin resistance development. 
 

5. Acylation 
stimulating 
protein (ASP) 
106 

Adipocyte 
 

Increased in obesity and 
dyslipidemia patients. 

Autocrine function that leads to increasing 
triglyceride synthesis. 
 

6. Lipocalin-2 
(LCN2) 107 

Adipose tissue, 
liver, kidney, lung, 
macrophages, and 
neutrophils. 

Increased in obesity (specially 
in severely obese females). 

Play a role in inflammation and insulin resistance. 

7. Chemerin 
108dipose 
tissue, liver, as 
well as innate 
immune cells. 

Elevated with obesity 
and diabetic patients. 

Play a role in insulin 
resistance, adipocyte 
metabolism, and diabetic 
induced cardiovascular 
disease. 



 

    40  

 Hormone Source Observed changes in obesity Main function 

9. Vaspin 110 Adipose tissue, liver, 
pancreas, stomach, 
muscles and skin. 

Increased in obesity, insulin 
resistance and diabetic 
patients. 

Act as a member of the serine protease inhibitor 
family 

10. Apelin 111 Adipose tissue, 
hypothalamus, heart, 
and skeletal muscles. 

Increased in obesity, insulin 
resistance and diabetic 
patients. 

Play a role in regulating glucose metabolism, by 
inducing glucose uptake. 

11. Gremlin-1 112 Preadipocytes. 
 

Increased in obesity. Act as an inhibitor of bone morphogenetic protein 
(BMP), which is one of the transforming growth 
factor-beta family. 
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Table 3.5. Description of The Potential Anti-Inflammatory Adipokines 

 Hormone Source Observed changes in obesity Main function 

1. Adiponectin 113 Adipose tissue and 
skeletal muscles.  

Lower levels in diabetic 
patients. 
 

Anti-obesity, anti-atherogenic, anti-
inflammatory, and anti-diabetic effects. 

2. Omentin-1 114 Visceral adipose tissue.  Lower levels in obese and 
diabetic patients 

 anti-inflammatory, anti-obesity, anti-diabetic 
properties, and insulin sensitizing effect.  

3.  Secreted 
frizzled related 
protein 5 
(SSFRP5) 115,116 

Adipose tissue.  
 

Lower levels in obese and 
diabetic patients.  

anti-inflammatory and insulin sensitizing effect.  

4. Cardiotrophin-1 

(CT-1) 116 

Adipose tissue, liver, 
kidney, muscle, heart, 
and lung, brain and testis.  

Controversial results 
regarding the changes in 
serum levels of obese 
patients.  

One of the IL-6 cytokine family, play a role in 
glucose and lipid metabolism, has an insulin 
sensitizing potential effect.  

IL-6; interleukin 6.  
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3.4.3. Leptin, ASF and insulin sensitivity 

Leptin is a 167-residue peptide hormone encoded by the Ob gene, and it is 

secreted mainly by the adipocytes but also from the gastric epithelium and other tissues 

117. Since its identification in 1994 by positional cloning 118, leptin has gained much 

recognition as a crucial peripheral and central signaling molecule associated with 

energy balance. This, in turn, has contributed to changing the perception of the adipose 

tissue from being a form of passive energy depot (primarily in the form of energy-rich 

triglycerides (9 kilocalories per gram) to that of an active endocrine organ that actively 

modulates food intake and systemic energy metabolism.  

Leptin levels are positively associated with BMI, HOMA-IR and serum 

triglycerides and negatively with serum HDL in mostly normal weight health 

individuals suggesting that leptin increases with BMI as well as in those with insulin 

resistance 119.  The latter study suggests that leptin was coming mainly from ASF given 

correlation with hip and waist circumference but not with waist-hip ratio 119. Under 

normal physiological conditions, bloodstream levels of leptin are proportional to fat 

mass for a given individual 120 suggesting that the increase in leptin is driven by fat 

mass and that both leptin and insulin resistance are consequences of an increase in fat 

mass. Nevertheless, basal plasma leptin concentrations are significantly lower in 

insulin-sensitive than in insulin-resistant men (1.90 +/- 0.4 vs. 4.35 +/- 1.21 ng/ml, P < 

0.05) of identical body fat composition 121 suggesting either that excess leptin may also 

lead to increases in insulin resistance independent of adiposity or that leptin production 

increases in insulin resistant men in response to unknown feedback mechanisms in an 

effort to ameliorate the insulin resistance. The latter seems more plausible given that a 

direct action of leptin on its hypothalamic neuronal target is required to maintain normal 

glucose homeostasis data and insulin sensitivity 122,123 and therefore the rising leptin 
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level and insulin resistance in obesity lends plausibility to the conclusion that another 

fat derived molecule required for the leptin effect on glucose homeostasis may be 

downregulated in obesity for this paradoxical observation to hold. It remains to be 

determined if this molecule does indeed exist and what it could be.  

3.4.4. Interleukin-6 (IL-6), ASF and inflammation 

Interleukin-6 is a 212-residue protein cytokine encoded by the IL-6 gene 124. 

Since its identification in 1986 by molecular cloning of B-cell stimulatory Factor-2 125, 

IL-6 has been recognized as a cytokine with various biological activities implicated 

with a detrimental role in a wide range of inflammation-associated disease states, 

including susceptibility to diabetes mellitus 126. IL-6 is synthesized by various cell types 

of which white adipocytes are responsible for one-third of basal serum levels in humans 

127.  

The IL-6 level is probably the single most important factor associated with the 

hepatic acute-phase response and this is a response to tissue damage or infection that 

initiates host defense mechanisms and whose goal is to eliminate the threat and facilitate 

tissue repair 128. Obesity however is associated with chronic low-grade inflammation 

possibly from hypoxia in adipocytes, resulting in the release of IL-6 and activation of 

other factors that positively feedback and amplify IL-6 release 129. This leads to the 

metabolic syndrome and similar to leptin, in vitro studies have shown that ASF 

produces more IL-6 than VSF 130 making the link between ASF and metabolic 

syndrome stronger than that for VSF 131. 

3.4.5. Leptin, IL6 and the SSFR- bariatric surgery interaction 

It is important to note that some SSFR patients tend to have had bariatric 

surgery, which is associated with enhanced postprandial gut hormone release, 

particularly GLP-1, a hormone interlinked with factors released from adipose tissue, 
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e.g. leptin and IL-6 highlighted above. However, what remains unclear is whether or to 

what extent this crosstalk gets perturbed in patients undergoing SSFR and/or bariatric 

surgery. Furthermore, what are the long-term metabolic sequelae? Thus, a robust 

examination of the changes of IL-6 after the sudden removal of fat surgically by body 

contouring procedures might widen our understanding of the mechanisms behind these 

metabolic changes. 

3.4.6. Other considerations and future tasks 

Apart from the potentially favorable effects of SSFR on metabolism and 

adipokines discussed above, many studies also support the effectiveness of bariatric 

surgery for treating obesity and weight-related disease 36,132. However, the question 

about the combined impacts of these surgical interventions has been relatively under-

studied, and the results remain inconclusive. Future studies that can link the metabolic 

improvement after bariatric surgery and bariatric medications such as Semaglutide to 

the preferential loss of AVF or ASF will be of great benefit. Additionally, a dose 

response meta-analyses is needed to examine the time trend of the metabolic changes 

after SSFR, which can answer important questions regarding the durability and extent 

of changes induced by these procedures over time.  

When a negative energy balance is induced by interventions such as SSFR, 

resulting in a moderate initial reduction of 5 to 10% from baseline body weight, the 

physiological adaptations certainly favour weight regain; thus, most people recover 

weight post-SSFR or at the end of lifestyle interventions.  With the common SSFR 

procedures, this loss is of abdominal fat that constitutes ∼15% of total adipose tissue 

133, with the main component of the latter being ASF.  

Given that fat distribution is one parameter that modifies the impact of obesity 

on health, knowledge about whether fat tissue removed through SSFR is replaced by 
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new fat tissue and if this occurs in the same or at different anatomical sites is important 

since the latter may have worse effects. Previous studies reported that the fat could 

return to sites other than that from which fat has been removed, such as the breast, hip, 

and thigh regions 134,135, but this is not always the case 136. There is also the possibility 

that new fat may accumulate at sites where fat does not commonly accumulate (ectopic 

fat) and such ectopic adipose tissues may deposit in several organs/tissues 

(intramuscular/cardiac/hepatic) in the body with adverse consequences 137,138. 

However, recent studies of the heart 139,140 have suggested that ectopic fat is protective 

against the risk of developing cardiovascular complications by increasing glycolysis, 

as a physiological healing response. In the context of SSFR, it is unclear to what extent 

the redistributed fat contributes to the ectopic fat accumulation in tissues such as 

intramuscular, intrahepatic, and myocardial fat and if it has a protective or detrimental 

effect. Furthermore, it is unclear if and how or which specific factors drive the fat 

redistribution to ectopic regions in preference to the rest of the body spatiotemporally. 

Identifying such factors can be helpful surrogate biomarkers for predicting potential 

risk factors in epidemiological studies. However, it should be noted that rodent models 

of fat biology do not adequately represent what happens in humans, and higher 

mammals such as baboons may be a better model that closely resembles human 

adipocyte function 141. 

Thus far, results from studies designed to identify the factors that address the 

regulation of energetics and body fat redistribution/ regeneration post-SSFR in rats, 

mice or hamsters have limited contribution in closing the knowledge gap because of 

insufficient mechanistic data, inadequate sample size, or lack of proper statistical tests 

reported 142. Therefore, future studies in appropriate animal models or human clinical 

trials should account for the biological consequences of ectopic fat redistribution 
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following weight gain post-SSFR. However, there is a need to ascertain the beneficial 

or detrimental nature of fat redistribution at specific anatomical sites, in relation to its 

quantity, rate, and time of accumulation following weight gain post-SSFR.  

3.5. Conclusion  

We conclude that there is a gap in terms of the probability of weight gain or 

accumulation of fat post-SSFR, but there is data that in the short term there might be a 

metabolic benefit of excess ASF removal. Longer-term data are needed to determine if 

this benefit is sustained in the longer term. Patients going for SSFR, represent a unique 

population with a sudden removal of their ASF. However, the metabolic changes after 

these procedures are still unclear, and existing studies suggest a trend towards benefit 

rather than harm. There is thus no immediate harm from these procedures but there is a 

need for properly designed dose-response meta-analyses as well as well-conducted 

prospective clinical studies to unravel these putative changes. In turn, this will help us 

not only to confirm the safety of these procedures but also to define if these procedures 

can be used for metabolic benefit and to broaden our knowledge about the mechanisms 

underpinning excess ASF and associated metabolic consequences. 
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CHAPTER 4: DURABILITY OF METABOLIC CHANGES AFTER SSFR 

4.1. Main objectives and methods summary 

This study describes a systematic review and dose-response meta-analysis 

(DRMA) of observational studies pertaining to the metabolic impact of body 

contouring surgery with a view to establishing how these procedures impact patient 

physiology over time. 

To address the main objectives above, PubMed, Embase and Scopus databases 

were searched using the Polyglot Search Translator to find studies examining 

quantitative expression of metabolic markers. The latter included anthropometrics/ 

body composition, serum adipokines, inflammatory cytokines, glucose homeostasis, 

lipid profile and blood pressure. Further details of the methodology used in this study 

are detailed in Chapter 2. 

4.2. Results 

The literature review yielded a total of 444 studies. Duplicate studies were 

excluded leaving 258 studies, of which 236 were excluded by abstract review. 

Eventually 22 studies with a total of 493 participants, were selected as relevant to this 

synthesis 143–164. The conduct of the literature review is summarized in Figure 2. 
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Figure 2. PRISMA flow diagram for selection of studies (SSFR-DRMA study). 

4.2.1. Characteristics of included studies 

Characteristics of the selected studies are summarized in (Table 4.1) and include 

study identifier, country, design, number of participants (sample size), population 

demographics, preoperative (baseline) body mass index, type of surgical fat removal 



 

  

  

49  

(abdominoplasty versus liposuction), follow up time points after surgery (in days), and 

fat mass (in Kgs) removed in abdominoplasty or lipo-aspirate (in liters)  (which consists 

of infiltrated solution plus removed fat mass) in liposuction procedures.   
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Table 4.1 Characteristics of Included Studies For The SSFR-DRMA 

Study 
 

Country 
 

Study 
design 

No.  
of  

  subjects 

Population 
(Gender, age, 
comorbidities) 

Base -line 
BMI 

(kg/m2) 

 
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 
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Study 
 

Country 
 

Study 
design 

No.  
of  
  
subjects 

Population 

(Gender, age, 
comorbidities) 

Base -line 
BMI 

(kg/m2) 

 
Type of 

SFR 
 

Outcome measures 

Follow up 
time 
points 
(days) 

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

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 

 

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 6,790 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 
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Study 
 

Country 
 

Study 
design 

No.  
of  
  
subjects 

Population 

(Gender, age, 
comorbidities) 

Base -line 
BMI 

(kg/m2) 

 
Type of 

SFR 
 

Outcome measures 

Follow up 
time 
points 
(days) 

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

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 

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 
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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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4.2.2. Metabolic changes after SFR 

A. Anthropometrics / body composition 

Body mass index (kg/m2), fat mass (kg), waist circumference (cm), and lean 

body mass (kg) were measured. There was significant heterogeneity in BMI and fat 

mass changes across studies, however, the DRMA suggested that post-surgical weight 

reduction was maximal at fifty days (2 BMI units, and 3 kg of fat mass respectively), 

after which there was a return towards the average pre-surgical weight (Figure 3).  Due 

to the paucity of studies, confidence intervals were wide, and the trend could not be 

confirmed more precisely as this was driven by the bigger studies. Nevertheless, the 

effect of SFR on BMI and related parameters persisted for at least 50 days. The waist 

circumference showed a clear reduction of around 5 cm after surgery, which was 

maintained till end of follow-up. Lean body mass showed no significant change after 

SFR. 
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Figure 3. Change in (A) Body mass index, (B) Fat mass, (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 corresponding study.  

B. Serum adipokines 

Serum leptin (µg/L), adiponectin (µg/ml), and resistin (µg/L) were measured 

before and after SFR.  Leptin exhibited a significant post-operative reduction that 

peaked at post-operative day 50 (average of 15 µg/L) and returned to preoperative 

levels by day 180 (Figure 4).  The DRMA yielded no significant differences in serum 

adiponectin and resistin over time.   

 

 

Figure 4. Change in Leptin 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 corresponding study.  
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C. Markers of glucose homeostasis  

Fasting blood glucose (mmol/L), fasting insulin (pmol/L), and HOMA-IR levels 

were measured. The DRMA suggested that post-surgical insulin resistance reduction 

was a lasting feature of SFR for the duration of the study.  Peak reductions were 17 

pmol/L and 1 point for fasting insulin and HOMA-IR respectively. There was no 

change seen with fasting blood glucose (Figure 5). 

 

Figure 5. Change in (A) Fasting insulin, (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 corresponding study. 

D. Inflammatory markers 

Tumor necrosis factor alpha (TNF-α) (pg/ml), Interleukin-6 (IL-6) (pg/ml) and 

C - reactive protein (c-RP) (mg/L) and were measured. While there was substantial 

heterogeneity across studies, the DRMA suggested that post-surgical reduction in 

serum TNF-α peaked at day 50 (0.75 pg/ml) and thereafter exhibited a return to pre-

surgical levels (Figure 6).  No significant differences were observed in serum levels of 
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IL-6 or c-RP over the course of the study.  

 

 

Figure 6. Change 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 difference in each individual study at this time-point with the marker 

size reflecting the weight of corresponding study 

E. Lipid Profile  

Low-density lipoprotein cholesterol (LDL in mmol/L), high-density lipoprotein 

cholesterol (HDL in mmol/L), serum fasting triglycerides (mmol/L), total cholesterol 

(mmol/L) and free fatty acids (g/L) were measured.  Serum HDL increased post-

surgically, peaking at day 50.  However, by day 100 expression had returned to the 

baseline and thereafter continued to fall to the end of the study period at day 180.  Total 

cholesterol fell by 0.25mmol/L post-surgically to day 50, however the trend thereafter 

is obscured by wide confidence intervals owing to paucity of data (Figure 7). No 

significant differences were observed in serum levels of triglyceride, low density 
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lipoproteins and free fatty acids.  

 

 

Figure 7. Change 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. 

F. Blood Pressure  

Following SFR, there was a mean reduction in both SBP and DBP of 3.5mmHg 

by day 50 which thereafter exhibited a return to pre-surgical levels at day 180 (Figure 

8).  
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Figure 8. Change in (A) Systolic Blood Pressure (SBP), (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 corresponding study. 

4.2.3. Quality assessment of included studies 

Most of the studies were ranked in the 4th quartile of the count of safeguards. 

Moreover, the most deficient standards across articles were equal ascertainment and 

equal prognosis. On the other hand, equal implementation, equal recruitment, equal 

retention, sufficient analysis, and temporal precedence were found to be the least 

deficient standards. See Supplementary Figure 5. 

4.3. Discussion  

We examined the influence of surgical fat removal (SFR) during body 

contouring surgery on body anthropometrics/ body composition measurements, serum 

adipokines and inflammatory cytokines, glucose homeostasis, lipid profile and blood 

pressure by means of a systematic review of clinical data and subjected these data to 

dose-response meta-analysis.  We observed that SFR resulted in a significant and 

lasting improvement in insulin resistance as evidenced by serum fasting insulin and 

homeostatic model assessment for insulin resistance (HOMA-IR) index and transient 

improvements in body mass index, fat mass, systolic and diastolic blood pressure and 

in serum leptin, TNF-α, high density lipoprotein and total cholesterol concentrations. 

There were no observable improvements in lean body mass, serum adiponectin, resistin, 

IL-6, C - reactive protein, low density lipoprotein, free fatty acids, or fasting blood 

glucose.  
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Weight loss after SFR peaked at day 50 post-surgery but thereafter weight gain 

was observed with BMI and fat mass returning to near pre-operative levels after a 

period of 6 months. This might be due to the loss of the negative energy balance after 

surgery, or increased energy intake, especially if it was not accompanied by physical 

exercise after SFR 26,29.  Another possibility is that this return towards baseline has an 

underlying hormonal basis such as residual fat cells hypertrophy 165–167. This has also 

been noted on similar animal studies, where surgical fat reduction was followed weeks 

to months by a compensatory increase in the fat mass elsewhere 168,169. Using dual-

energy x-ray absorptiometry (DEXA) scans and magnetic resonance imaging (MRI), a 

clinical trial observed compensatory abdominal fat mass deposition in a 12-month 

period after thigh liposuction 170.  Other retrospective human studies reported an 

increase in breast size after abdomen and thigh liposuction surgeries, which was 

postulated to be due to an altered ratio of androgen to estrogen levels 165–167 but this 

may not be the only explanation.  

Leptin was the only hormone derived from adipose tissue that exhibited and 

expression pattern altered by SFR. This was similar to the findings of a meta-analysis 

on the effect of large-volume liposuction on serum leptin and adiponectin levels.  In 

this study too, leptin, but not adiponectin was reduced after SFR. Since, leptin is 

secreted mainly from fat cells and correlates with fat mass,171 the transient fall in serum 

leptin levels is understood in the context of the post-surgical reduction in fat mass.  

More interestingly, we may speculate that the rebound rise in serum leptin back to pre-

surgical levels may involve hypersecretion and/or hypertrophy by the residual fat mass 

165–167.  The physiological adaptation underpinning this phenomenon remains obscure 

but the fact that the post-surgical BMI mirrors the post-surgical temporal expression 

profile of leptin (which governs satiety) suggests a homeostatic mechanism.   
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There is no clear relationship in the literature between SFR and variations in the 

expression profiles of the inflammatory cytokines TNF-α and IL-6 26,28,172.  That said, 

the transient reduction in serum TNF-α identified in the present study has been observed 

before 172. In comparison to leptin, the synthesis of TNF-α occurs mainly in the 

monocyte lineage 174. The accumulation of resident macrophages in the adipose tissue 

correlates with the degree of obesity 175,176. Animal models suggest that, in morbid 

obesity, macrophages (responsible for most of the overall secretion of TNF-α) may 

account for up to 40% of the cellular mass of adipose tissue 177. Our analysis suggests 

that SFR mediated removal of the resident macrophages in the adipose tissue results in 

the initial reduction in TNF-α levels. The underlying mechanisms for the recovery in 

TNF-α level after the first two months of the SFR remains unclear. However, toll-like 

receptors induced synthesis of TNF-α from existing resident macrophages and/or 

through recruitment of circulating myeloid-derived blood monocytes that give rise to 

adipose tissue-resident macrophages are potential pathways for TNF-α recovery.  

Accumulation of adipose tissue resident-macrophages is facilitated by IL-6 

secreted from adipocyte, and obesity is associated with elevated circulating IL-6 levels 

178,179. During the inflammatory phase, macrophages promote the return to homeostasis 

by removing apoptotic cells and cell debris and contributing to damage repair 180. 

Circulating IL-6 plays an important role in mediating inflammation and is a central 

stimulus for the acute phase inflammation response 181. Our analysis found no 

significant changes in serum IL-6 and CRP (a known marker for acute inflammation), 

suggesting the absence of systemic inflammatory response after SFR. IL-6 stimulates 

CRP synthesis in the liver  181 and thus the stable serum CRP level after SFR is 

consistent with a stable IL-6 level for the same period. Our analysis couldn’t exclude 

the possibility of an increase in IL-6 levels at the surgery site.  
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Several syntheses have examined the changes in insulin sensitivity after SFR 

and a trend towards improvement in insulin sensitivity has been described without 

elucidation of the magnitude of effect or clinical significance thereof 26–29.  Moreover, 

results were inconsistent due to the heterogeneity in the design and analysis of studies.  

The present synthesis demonstrates a gradual and steady decrease in the fasting insulin 

which reaches an average decline of 17 pmol/L by 6 months. The HOMA-IR showed a 

similar trend with a 1-unit reduction by 6 months. There have so far been reports of 

more accurate measurements for insulin sensitivity, such as the oral glucose tolerance 

test (OGTT) 183. Interestingly, the return of BMI towards baseline after 50 days, as 

shown above, was not coupled with a similar return in insulin sensitivity towards 

baseline values.  This finding may reflect extra-abdominal post-surgical fat deposition, 

which might be less harmful 184.  

There is a strong positive relationship between body mass and blood pressure. 

A reduction in body mass of between 5 and 10% can reduce blood pressure in both 

hypertensive and normotensive cohorts 184. Indeed, a reduction of 1 kg of body mass in 

obese patients results in a sustained decrease of 1.2 mmHg and 1 mmHg in systolic and 

diastolic blood pressure, respectively 186. Additionally, chronic hyperleptinemia as seen 

among obese population is also correlated with blood pressure 187. Loss of function 

mutations in leptin and leptin receptors are associated with decreased blood pressure 

despite severe obesity 188.  The effect of leptin is mediated by the neurons in the 

dorsomedial hypothalamus. Inhibiting leptin receptor expressing neuronal activity in 

the hypothalamus leads to a rapid decrease of blood pressure in obese mice, 

independent of changes in body mass 187. In the present study, the correlation between 

post-surgical blood pressure and serum leptin may be understood in these terms. 

Subcutaneous fat mass plays a causative role in obesity-linked dyslipidemia 189. 
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Thus, SFR may have a positive effect on lipid profile 165 especially in the absence of 

morbid obesity 190 . However, the present study failed to demonstrate a clinically 

significant clear correlation between SFR and post-surgical lipid profile. Several small 

and heterogenous studies have measured changes in body composition, adipokines and 

inflammatory marker  143–164, and have been followed by systematic reviews and meta-

analyses in an attempt to examine the effect of SFR on body metabolism. Only one 

synthesis looked at these changes in terms of time since surgery 30 , but even then, the 

latter study only reported the differences in physical biometrics such as body weight 

and fat mass. The remaining syntheses combined several heterogenous studies with 

different follow up durations 26–29, resulting in contradicting and unclear conclusions 

regarding the metabolic benefit or harm of SFR. The ideal approach to the synthesis of 

the existing body of evidence required a dose-response meta-analysis (DRMA) since 

this is the only way to reduce the existing clinical heterogeneity.  

A major limitation with this study is the small number of eligible studies, many 

of which had recruited a small number of patients. Thus, when the margin for error was 

taken into consideration, few obvious trends emerged. While we considered the 

inclusion of different types of surgical fat removal to be a strength of our meta-analysis 

it is possible that the technical differences of each approach bequeathed unique and 

dissimilar physiological legacies on the patient that manifest as different changes in 

post-surgical metabolic parameters. For example, abdominoplasty surgery for obesity 

or weight loss often includes, as an operative step, correction of divarication of the 

rectus muscles.  This, in turn, results in an increase in the abdominal pressure, 

myocardial preload and compresses visceral fat 191 It is clear from this synthesis that 

metabolic changes after SFR needs further study in a well-designed prospective design, 

and this in turn will help us not only to identify the changes and the safety of these 
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procedures, but also broaden our knowledge about the metabolic effects of obesity.  

 

4.4. Conclusion  

This study shows that body contouring surgery correlates with enhanced insulin 

sensitivity for at least 6 months after surgery.  Transient benefits were observed in body 

mass index, blood pressure, serum leptin and TNF-α.  An evaluation of the metabolic 

benefits of body contouring surgery beyond 6 months is hampered by lack of data.  
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CHAPTER 5: DURABILITY OF METABOLIC CHANGES AFTER NSSFR 

5.1. Main objectives and methods summary 

This study describes a systematic review and dose-response meta-analysis 

(DRMA) of observational studies pertaining to the metabolic impact of NSFR. To 

address the main objectives above, PubMed, Embase and Scopus databases were 

searched using the Polyglot Search Translator to find studies examining quantitative 

expression of metabolic markers. The outcome measures sought include two domains.  

These included body compositions/ anthropometrics and lipid profiles. Further details 

of the methodology used in this study are detailed in Chapter 2. 

5.2. Results 

The conducted literature review resulted in a total of 818 articles and 33 

registered trials (a total of 851 studies). Duplicate studies (252 studies) were excluded 

leaving 599 studies, of which 534 were excluded by title and abstract. The remaining 

65 studies were examined by manuscript and 46 studies were excluded due to a lack of 

clear statement of the metabolic changes’ magnitude and/or the precise time of 

assessment after surgery. Eventually, 19 studies with a total of 601 participants, were 

selected as relevant to this synthesis 191–209. The conduct of the literature review is 

summarized by the PRISMA flow chart in Figure 9. 
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Figure 9: PRISMA flow diagram for selection of studies (NSSFR DRMA study). 

5.2.1. Characteristics of included studies 

Characteristics of the selected studies are summarized in (Table 5.1) and include 

study identifier, country, design, number of participants (sample size), population 

demographics, preoperative (baseline) body mass index, type of non-surgical body 

contouring procedure (Ultrasound (HIFU), cryolipolysis, radiofrequency, high 

intensity electromagnetic), outcome measures (BMI, BW, WC, FT, LDL, HDL, TG, 

and TC), and follow up time points after surgery (in days).   
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Table 5.1 Characteristics of Included Studies For The NSSFR-DRMA  

Study 
number 

Study 
identifier 

 
Country/ 

Region 

 

Study design 
Number 

of  
  subjects 

Population 

demographics 

Baseline 
BMI 

(kg/m2) 
Procedure Outcome 

measures 

Follow up 
time 

points 
(days) 

1 Brightman 
et al, 2009 USA 

quasi- 

experiment 
10 

Age 28- 70 
years, all 
females 

NA radiofrequency + 
laser WC 0, 30, 90 

2 Shek et al, 
2009 

China & 
Japan) 

quasi- 

experiment 
53 

51 females and 
2 males, age 
range 26 – 69 
years 

N/A ultrasound FT, WC 0, 30 

 

3 
Choi et al, 
2018 Korea 

quasi- 

experiment 
24 

21 females and 
3 males, age 20 
- 60 years 

23.97 +- 
2.64  radiofrequency FT, WC 0, 28, 56 

 

4 
Shek et al, 
2014 China 

quasi- 

experiment 
12 

9 females and 
3 males, age 
27- 56 years 

25.230 ± 
2.0310 ultrasound (HIFU) WC, WT 0, 28, 56, 

84 

 

5 
Boisnic et 
al, 2014 France 

quasi- 

experiment 
21 

all females, 
age 31- 59 
years 

N/A radiofrequency FT, WC, 
WT 0, 30, 90 

 

6 
Tonucci et 
al, 2014 Brazil 

quasi- 

experiment 
20 

all females, 
ages 18–60 
years 

25.85 ± 
4.07 ultrasound 

BMI, TC, 
HDL, 
LDL, TG, 
WC, WT 

0, 14 
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Study 
number 

Study 
identifier 

 
Country/ 

Region 

 

Study design 
Number 

of  
  subjects 

Population 

demographics 

Baseline 
BMI 

(kg/m2) 
Procedure Outcome 

measures 

Follow up 
time 

points 
(days) 

 

7 
Katz et al, 
2019 USA 

quasi- 

experiment 
33 

 
age 21- 65 
years 

20.0 - 
30.0 

high intensity 
electromagnetic FT 0, 30, 90 

 

8 
Hong et al, 
2019 Korea 

quasi- 

experiment 
20 17 females, 3 

males, 
27.34 

+-6 1.82 
ultrasound (HIFU) FT 0, 28, 56 

 

9 
Fonsea et 
al, 2018 Brazil 

quasi- 

experiment 
31 Females, age 

20- 40 years ≥ 30.0 ultrasound TC, HDL, 
LDL, TG 0, 10 

 

10 
Arabpour-
Dahoue et 
al, 2019 

Iran RCT 25 

50 females, 
age 35.32 ± 
8.70 years, 
DM, 
hyperlipidemia 

16.1 - 
56.7 

radiofrequency+ 
US 

TC, HDL, 
LDL, TG 0, 1 

 

11 
Moreno-
Moraga et 
al, 2007 

Spain 
quasi- 

experiment 
10 

22 females and 
8male, age 18 
– 62 years 

N/A ultrasound WC 0, 1 

 

12 
ELdesoky 
et al, 2015 

Middle 
east RCT 20 

5 males and 15 
females, age 
34.1 ± 4.95 
years 

32.67± 
0.91 ultrasound BMI, FT, 

WC, WT 0, 60 
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Study 
number 

Study 
identifier 

 
Country/ 

Region 

 

Study design 
Number 

of  
  subjects 

Population 

demographics 

Baseline 
BMI 

(kg/m2) 
Procedure Outcome 

measures 

Follow up 
time 

points 
(days) 

 

13 
ELdesoky 
et al, 2015 

Middle 
east RCT 20 

6 males and 14 
females, age 
33.3 ± 5.33 
years 

32.4 ± 1.0 cryolipolysis BMI, FT, 
WC, WT 0, 60 

 

14 
Katz et al, 
2019 USA 

quasi- 

experiment 

 

33 
mean age 40.8 
years 

20.0 to 
30.0 

high intensity 
electromagnetic FT 0, 30, 90 

 

15 Robinson et 
al, 2014 USA 

quasi- 

experiment 
118 

males and 
females, 
median age: 
45.2 years 

24.7 +- 
2.6 ultrasound WT 0, 28, 56, 

84 

 

16 Solish et al, 
2011 Canada 

quasi- 

experiment 

 

45 

 

majority 
females, age 
42 -44 years 

25.0 - 
27.0 ultrasound WT 0, 28, 56, 

84 

 

17 
Verner et 
al, 2021 

Middle 
east 

quasi- 

experiment 
15 

females, mean 
age 45.5 ± 5.0 
years 

≤26 ultrasound WC 0, 7, 30, 
84 

 

18 

Khedmatgo
zar et al, 
2020 

Iran 
quasi- 

experiment 
30 females, age 

18-65 
29.55 ± 
3.08 cryolipolysis BMI, 

WC, WT 0, 56 
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Study 
number 

Study 
identifier 

 
Country/ 

Region 

 

Study design 
Number 

of  
  subjects 

Population 

demographics 

Baseline 
BMI 

(kg/m2) 
Procedure Outcome 

measures 

Follow up 
time 

points 
(days) 

 

19 
Khedmatgo
zar et al, 
2020 

Iran 
quasi- 

experiment 
30 females, age 

18-65 years 
30.43 ± 
4.38 

Ultrasound 
cavitation, 
cryolipolysis, and 
diet 

BMI, 
WC, WT 0, 56 

 

20 
Dhillon et 
al, 2018 

United 
Kingdom 

quasi- 

experiment 
20 

17 females 3 
males, mean 
age 37.6±7.11 
years 

25.1± 
3.80 ultrasound WC 0, 90 

 

21 
Fritz et al, 
2017 Germany 

quasi- 

experiment 
20 18 females, 2 

males 
25.78 

±2.37 
ultrasound WT, WC 0, 30 

 

22 Guth et al, 
2017 Brazil 

quasi- 

experiment 
24 males, age 18- 

59 years ≤ 30 ultrasound (HIFU) TC, HDL, 
LDL, TG 

0, 1 

 

23 Fonseca et 
al, 2018 Brazil 

quasi- 

experiment 
31 Females, age 

20- 40 years ≥ 30.0 ultrasound TC, HDL, 
LDL, TG 

0, 10 
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24 Boisnic et 
al, 2014 France 

quasi- 

experiment 
21 

 

age 31 -59 
years 

 

N/A radiofrequency FT, WC, 
WT 

0, 30, 90 

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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5.2.2. Metabolic changes after NSSFR 

A. Anthropometrics / body compositions  

Change in (A) Body mass index, (B) Body Weight, (C) Waist circumference 

and (D) Fat thickness were measured over time in days since the body contouring 

procedure.  A clear drop of 2 units in the body mass index, 1 kilogram in the body 

weight, 5 centimeters in waist circumference, and 1.5 centimeters in abdominal fat 

thickness was noted up to 60 days after the procedure. Fat thickness continued to 

decrease up to 90 days after the procedure. A moderate heterogeneity in the last three 

outcome variables was noted across studies, and the confidence intervals were wide 

due to the paucity of studies and the effect of bigger studies. However, the meta-

analysis showed that the effect of body contouring procedures on BMI and related 

parameters persisted for at least 60 days. The fat thickness showed a clear continuous 

reduction up to 90 days after the procedure, see Figure 10: A-D.  
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Figure 10. Change in (A) Body mass index, (B) Body Weight, (C) Waist 

circumference, and (D) Fat thickness over time since body contouring procedure.  

The “dose” is time in days after the procedure. The circles represent the weighted mean 

difference in each individual study at this time-point with the marker size reflecting 

the weight of corresponding study.  

B. Lipid Profile  

Changes in low-density lipoprotein, (B) high-density lipoprotein, (C) 

triglycerides, and (D) total cholesterol were measured over time in days since the body 

contouring procedure. A serum increase of 15 mg/dL in LDL, 10 mg/dl in TG, and 15 

mg/dl in TC were noted up to two weeks after the procedure. No significant change 

was noted in serum HDL. Due to the paucity of studies, confidence intervals were 

wide, and the trend could not be confirmed more precisely as this was driven by the 

bigger studies, see Figure 11: A-D.  
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Figure 11. Change in (A) low-density lipoprotein, (B) high-density lipoprotein, (C) 

triglycerides, and (D) total cholesterol over time since body contouring procedure. 

The “dose” is time in days after the procedure. The circles represent the weighted mean 

difference in each individual study at this time-point with the marker size reflecting 

the weight of corresponding study. 

5.2.3. Quality assessment of included studies 

The majority of the included studies were ranked in the 4th quartile of the 

safeguards’ count. Additionally, the most deficient safeguard standards were equal 

ascertainment and equal prognosis. On the other hand, the remaining standard 

safeguards were found to be less deficient. See Supplementary Figure 8. 

5.3. Discussion  

We examined the influence of non-surgical body contouring procedures on 

body anthropometrics/ body composition measurements and lipid profile using a 

systematic review of clinical data and subjected these data to a dose-response meta-
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analysis.  Transient increases in serum low-density lipoproteins (LDL), triglycerides 

(TG), and total cholesterol were observed up to two weeks following exposure to non-

surgical fat removal. In the longer term, no significant differences were observed. 

Anthropometric data confirmed a reduction in fat thickness over the treated area which 

persisted throughout the observation period (day 90).   Taken as a whole, these data 

suggest that non-surgical fat removal is efficacious, and that evidence of fat lysis may 

be inferred by transient rises in serum lipid profiles in the weeks following exposure 

to non-surgical fat removal.  However, no firm conclusions about the effect of non-

surgical fat removal on serum lipid profiles in the long term were permissible.  This is 

in contrast to the results obtained when these analyses were performed for surgical fat 

removal.  Here, the data confirmed that the surgical removal of fat by aspiration 

(liposuction) or excision (body contouring) resulted in favorable changes to the serum 

lipid profiles in the long term (Badran et al- in press).  Most likely, there were simply 

insufficient data to be able to conclude.  

The pre-clinical and clinical evidence for favorable metabolic changes 

associated with cryolipolysis is variable.  Using a porcine model, Kwon and colleagues 

211.The study raises several important questions about the role of non-surgical fat 

removal as an endocrinological, as opposed to purely aesthetic, intervention.  With a 

rising tide of obesity owing to calorie-rich diets and sedentary lifestyles, the desire for 

fat removal has fueled burgeoning surgical and non-surgical aesthetics industries 

tailored to the pursuit of anthropometric ideals.  Interestingly, however, these 

industries have neglected the potential health benefits of fat removal. Adipocytes 

regulate energy homeostasis by the synthesis and secretion of metabolic hormones 

known as adipokines 220,221.  It is hypothesized that circulating free fatty acids induce 

insulin-mediated triglyceride storage in adipose tissue, skeletal muscle, and liver.  
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Chronic insulin overstimulation causes a stress response in each of these tissues with 

a synthesis of pro-inflammatory cytokines, recruitment of inflammatory cells, 

systemic inflammation, and insulin resistance via negative feedback controls.  Many 

clinical studies have demonstrated that insulin sensitivity and lipid profiles may be 

improved merely by the removal of subcutaneous adipocytes 222,223.  It is interesting to 

speculate on whether evidence of metabolic benefits would influence the industry that 

has built up around non-surgical fat removal. On one hand, such evidence would be a 

powerful refutation of critics who espouse the view that there are no inherent health 

benefits to non-surgical fat removal. On the other hand, more data are needed before 

authoritative conclusions can be reached.   

A major limitation with this study is the small number of eligible studies, many 

of which had recruited a small number of patients.  Thus, when the margin for error 

was taken into consideration, few obvious trends emerged.  The lack of compelling 

source data reflects the fact that, on the whole, aesthetic practitioners are less interested 

in the potential health benefits of non-surgical fat removal than in the commercial 

potential of the pursuit of anthropometric ideals.  If nothing else, this study highlights 

the pressing need for more metabolic data.  Moreover, we included a number of 

different methods of non-surgical fat removal.  This inevitably leads to concerns that 

our data are heterogeneous and that, as such, our conclusions mean little for any one 

specific commercial device. The third limitation is the relatively limited number of 

metabolic parameters and the narrow metabolic window studied.  Again, we are 

limited by the data available from the source material.   

5.4. Conclusion  

This study shows that non-surgical body contouring procedures correlates with 

a sustained improvement in anthropometrics and body compositions for at least two 
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months after procedure.  A transient deterioration in lipid profile is observed over the 

first two weeks, consistent with lipolysis.  The long-term metabolic effects of non-

surgical fat removal remain uncertain.  
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CHAPTER 6: MEASURING GLUCOSE EXCURSION AFTER SSFR 

6.1. Main objectives and methods summary 

In this study we examine the performance of the Doi’s weighted average 

glucose (dwAG) value in comparison to the area under the GTT and homeostatic 

model assessment for insulin sensitivity (HOMA-S) and pancreatic beta cell function 

(HOMA-B) in a group of participants undergoing surgical subcutaneous fat removal 

(SSFR). The aim was to validate the dwAG as a measure of post-load glucose 

excursion for measuring glucose excursion after SSFR. To address the main objectives 

above, A cross-sectional comparison of the new index was conducted using 66 oral 

glucose tolerance tests (GTT’s) performed at different follow-up times among twenty-

seven participants who had undergone surgical subcutaneous fat removal (SSFR). 

Further details of the methodology used in this study are detailed in Chapter 2. 

6.2. Results 

There was a total of 66 complete GTTs and of these, 47 (71.2%) had peak 

values after 30 minutes and 9 (13.6%) were biphasic (8/9 also had a peak after 30 

minutes). Glucose excursion was computed using the two measures indicated in the 

methods and a Passing-Bablok regression model suggested a cutoff for normal values 

for the A-GTT of 15.14 mmol/L·2h-1 as the equivalent cutoff to the dwAG value of 6.8 

mmol/L). For every 1 mmol/L·2h-1  increase in A-GTT, the dwAG value increased by 

0.473 mmol/L (Figure 12).  
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Figure 12. Passing-Bablok regression plot showing data and fit for the weighted 

average glucose measure of glucose excursion predicted from area under the GTT 

(glucose) 

GTT: glucose tolerance test. 

Cusum test for linearity, No significant deviation from linearity (P=0.83); Spearman 

rank correlation coefficient 0.934 (95% CI 0.894 to 0.959) 

The glucose area under the curve correlated well with the dwAG level (four 

groups), with the levels having a different A-GTT (KW Chi2= 52.8(df=3), P<0.001). 

The median A-GTT in each dwAG category was 13.2, 15.9, 18.3 and 21.0 mmol/L·2h-

1 in the normal, impaired, abnormal, and severely abnormal dwAG groups respectively 

(Figure 13).  
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Figure 13. Association between the area under the GTT and the weighted average 

glucose category measure of glucose excursion. 

GTT: glucose tolerance test.  

The HOMA-S tertiles were associated with different levels of glucose 

excursion measured through both the dwAG value (KW Chi2= 11.4 (df=2), P=0.003) 

and A-GTT value (KW Chi2= 13.1 (df=2), P=0.001) and this is depicted in Figure 14. 

The IQR for the dwAG across the insulin sensitivity tertiles were 6.8 to 9.4, 6.1 to 7.6 

and 5.3 to 7.0 mmol/L respectively. For area under the GTT curve, the IQR’s were 

15.4 to 21.5, 13.3 to 18.5 and 12.2 to 16.5 mmol/L·2h-1 respectively. The impact on 

glucose excursion is seen more prominently once insulin sensitivity is lowest (in the 

first tertile; HOMA-S median -53.35%, IQR -69.7% to - 49.1%).    

HOMA-B alone (in a nonlinear regression model) explained 42% of the 

variation in dwAG values while HOMA insulin sensitivity explained 9% of the 

variation in dwAG values in a similar model. The combination of both HOMA B and 

HOMA-S in a non-linear regression model (using restricted cubic splines) contributed 

to explaining 66% of the variation in dwAG values suggesting that the combination 
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was what defined the bulk of the variation in dwAG values. This is depicted 

graphically in Figure 15 which depicts that the dwAG depends on both beta cell 

function as well as insulin sensitivity and that dwAG increases as insulin sensitivity 

and beta cell function both decline.   

The mean dwAG value in those GTTs with a peak at 30 minutes and that were 

monophasic was 6.4 mmol/L. There was a mean increase in dwAG of 1.4 mmol/L 

(P=0.032) in those GTTs with a peak after 30 min but no biphasic shape and a mean 

increase of 3.0 mmol/L in GTTs with both a later peak and biphasic shape (P=0.002). 

With the A-GTT the mean changes followed a similar trend but with less statistical 

evidence against the model hypothesis at this sample size. HOMA-B declined on 

average by 19.8% (P=0.262) in the late peak only group and by 29.3% (P=0.285) in 

the combined late peak and biphasic group. The respective changes in HOMA-S for 

these groups was -3% and -3.7% respectively suggesting that these shape changes 

reflected beta-cell function. No GTTs coming from a patient with a history of bariatric 

surgery demonstrated a biphasic pattern (P=0.028, Fishers exact test) but a peak after 

30 minutes occurred with the same frequency in those with or without bariatric surgery 

history.  
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Figure 14. Association between glucose excursion (Tai’s area under the GTT, left 

panel; Doi’s weighted average glucose, right panel) and Insulin sensitivity tertile.  

*HOMA-S tertile: Homeostatic Model Assessment for insulin sensitivity tertiles 1, 2 

and 3.  
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Figure 15. Relationship of HOMA insulin sensitivity (%) and HOMA beta cell 

function (%) to the dwAG (mmol/L) demonstrating that both are important in 

determining the dwAG value.  

The values of HOMA are centered at 100% and when both are normal (0%) the dwAG 

value is about 5 mmol/L. As HOMA insulin sensitivity decreases the dwAG rises 

linearly and this is mitigated by an increase in beta cell function which drops the dwAG 

value. 

6.3. Discussion  

This study provides firm support to the dwAG as an alternative to the formal 

assessment of glucose excursion under the GTT. While it was developed for 

gestational diabetes 58 it is shown here that it can have wider use. This study confirms 

that the same groupings from normal to severely abnormal glucose excursion hold in 

this population of adults outside of pregnancy and correlate with HOMA insulin 

sensitivity.  

In the past, the GTT used to be the mainstay in diabetes diagnosis. However, 
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the new recommendation by the American Diabetes Association (ADA) has shifted to 

simpler tests 223. The rationale behind this was that the complexity of the GTT, the fact 

that it is time consuming and not well tolerated by the patients as well as its 

reproducibility 225. Thus, adopting the fasting plasma glucose (FPG) with a lower 

criteria (7 mmol/L (126 mg/dl) for diabetes and 5.6 mmol/L (100mg/dl) for impaired 

fasting glucose (IFG)) would lead to more efficient diagnosis 224. This study also 

confirms that in those with abnormal dwAG values (dwAG2) the mean FPG was 5.6 

mmol/L. The latter coincides with the ADA threshold for an impaired fasting glucose 

(IFG) and therefore one could consider these two (dwAG and IFG) to represent an 

equivalent intermediate level of dysglycemia. While substituting the GTT with FPG 

may seem to be more convenient clinically, but these two tests do not provide the same 

level of glucose homeostasis assessment because the GTT combines information from 

both insulin sensitivity and beta-cell function 226 while the FPG is responsive mainly 

to insulin secretion relative to the level of insulin resistance and reflects the duration 

and magnitude of insulin resistance 227.  

In our study, the dwAG served as an easy tool to define normality in glucose 

homeostasis in this non-pregnant population, demonstrated an excellent correlation 

with the A-GTT and was well discriminated by tertiles of HOMA-S. The implication 

here is that the dwAG, which combines fasting (FPG), 1h and 2h glucose values is a 

sufficient criterion to measure glucose excursion in other adults, which in this paper 

specifically refers to a group of non-pregnant adults who underwent body contouring 

surgery. The dwAG was responsive to GTTs with peaks after 30 minutes or with a 

biphasic shape and this was not so clearly evident with the A-GTT. The time to glucose 

peak >30 minutes has previously been shown to be an independent indicator of 

prediabetes and lower β-cell function in an otherwise healthy multi-ethnic adult cohort 
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228. It is known that the glucose peak occurs most frequently at 30 minutes (60.5%) 

and is accompanied by a synchronous peak of insulin 229. Thus, both a later peak and 

a biphasic shape indicate worse beta-cell function 230,231. 

It was noted that none of the GTT’s showed a biphasic pattern in those subjects 

who had a prior history of bariatric surgery, and this is not surprising given the fact 

that meal-induced glucagon-like peptide-1 (GLP-1) secretion could be up to ten-folds 

higher in patients after gastric bypass or sleeve gastrectomy surgeries compared to 

non-surgical individuals. One possible mechanism (among others) that has been put 

forward is an accelerated nutrient transit from stomach to the gut leading to enhanced 

secretion of GLP-1 231. The latter is specific to bariatric surgery and occurs before 

weight loss ensues and, given that our patients had bariatric surgery more than 18 

months preceding the GTT, the effect is sustained. The latter is different from the 

favorable effects of bariatric surgery on peripheral insulin sensitivity which is shared 

with those of calorie restriction 233 and is only improved in proportion to weight loss 

234,235 . 

The implication from the observations in these patients with or without a 

bariatric surgery history is that the measure of glucose excursion using the dwAG 

value shares elements of the two major metabolic impairments associated with glucose 

homeostasis; namely an increase in insulin resistance and impaired beta cell function 

236, and this was demonstrated in this study (Figure 15) where the dwAG was about 5 

mmol/L when both HOMA indices were normal (100%). There was a linear increase 

in dwAG when insulin sensitivity declines and a non-linear increase in dwAG when 

beta cell function declines. This explains why the dwAG or area under the GTT curve 

may be a better indicator of transitioning to T2D 236 or future cardiovascular disease 

and mortality 237 than with insulin resistance alone. As indicated in our results, the 
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dwAG correlates better with shape parameters than with the A-GTT and this was 

evident in post-bariatric subjects with much better beta-cell function.     

The strengths of the present study include a first-time comparison of the A-

GTT to a novel index of glucose excursion using the conventional GTT used in clinical 

practice, the computation of the A-GTT from six time-points of the GTT, and the 

comparison of both the conventional and novel indices to HOMA beta cell function 

and insulin sensitivity in the same model. Potential limitation include use of a single 

GTT for the comparisons in individuals, which may have less duplicability but, on the 

positive side, mimics the clinical use of these indices in practice. 

6.4. Conclusion 

The dwAG represents a single value summary of glucose excursion under the 

GTT and serves as a simple but accurate tool that can be used for glucose homeostasis 

interpretation. It was initially conceived as a tool that could be used to define glucose 

homeostasis in pregnancy and, in that study, correlated with adverse perinatal 

outcomes. It has now been independently validated as equivalent to the conventional 

A-GTT (based on six time-points) measure of glucose excursion in this study in a 

different population of non-pregnant adults and correlates well with both HOMA 

insulin sensitivity and HOMA beta cell function. 
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CHAPTER 7: ALTERATIONS IN GLUCOSE METABOLISM AFTER SSFR 

7.1 Main objectives and methods summary  

This study aimed to evaluate the changes in glucose excursion and insulin 

resistance in patients undergoing SSFR, specifically abdominoplasty (with or without 

a history of obesity surgery). To address the main objectives above, a quasi-experiment 

was implemented. This involve examining the patients over three visits (within 1 week 

before surgery, 1 week after surgery and 6 weeks after surgery) using Doi’s weighted 

average glucose (dwAG) under the oral glucose tolerance test (GTT) and HOMA-IR 

respectively. Further details of the methodology used in this study are detailed in 

Chapter 2. 

7.2. Results  

7.2.1. Patients studied  

The study included 29 patients (22 females and 7 males), all patients had at 

least one post operative visit (15 patients completed both second and third visit, 7 

patients completed second visit only, and 7 patients completed third visit only). Ten 

patients (37%) had a history of obesity surgery (6 sleeve gastrectomy, 2 bypass 

surgery, 2 sleeve plus bypass surgery). Eleven patients (38%) were either lean or 

overweight, and the remaining eighteen patients (62%) were obese. Five patients 

(17%) had type 2 diabetes (T2D) on oral medications, and none were on insulin 

therapy. A detailed medical history and complete physical examination revealed no 

other serious comorbidities or organ dysfunction in any participant. Average 

abdominal subcutaneous fat removed during surgery was 2400 (range 1300 – 3600) 

grams. Preoperatively, the median dwAG value was 7.0 mmol/L (interquartile range 

(IQR) 6.4 - 8.3), and median HOMA-IR was 1.6 (IQR 1.3 - 2.1). The Tanita full body 

composition analysis, complete lipid profile, and basic laboratory results are depicted 
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in Table 7.1 While the mean fat% and fat mass remain unchanged, on average, across 

visits, in a paired-difference linear regression analysis we find that for every percent 

difference in fat% the excised tissue in body contouring surgeries increased by 206.1g 

(95% CI 26.1g, 386.1g). 

 

 

Table 7.1 Characteristics of Study Population (Quasi Experiment Pilot Study) 

Factor Level visit 1  visit 2 visit 3 
Number of 
participants 

 29 22 22 

Age  43.0(38.0,50.0) 41.0(37.0,50.0) 43.0(38.0,51.0) 
Sex 
 
 

M 
F 

7 (24.1%) 
22 (75.9%) 

6 (27.3%) 
16 (72.7%) 

5 (22.7%) 
17 (77.3%) 

Diabetic 
status 

No 24 (83%) 20 (91%) 18 (82%) 
yes 5 (17%) 2 (9%) 4 (18%) 

dwAG value* 
(mmol/L) 

 7.0 (6.4, 8.3) 6.9 (6.4, 8.7) 7.1 (5.7, 8.2) 

AUC glucose* 
(mmol/L/2h) 

 16.6(13.5,20.4) 15.8(14.4,19.0) 15.4(12.9,18.2) 

HOMA-IR^  1.6 (1.3, 2.1) 1.7 (1.3, 2.0) 1.5 (1.2, 1.7) 
History of 
bariatric 
surgery 

yes 10 (34%) 9 (41%) 7 (32%) 
no 19 (66%) 13 (59%) 15 (68%) 

BMI category < 30 11 (38%) 9 (41%) 7 (32%) 
≥ 30 18 (62%) 13 (59%) 15 (68%) 

BMI*  31.7(29.1,33.6) 31.7 (29.1, 34.2) 32.0 (29.3, 34.2) 
Fat percent*  37 (33.6, 42.2) 37 (32.9, 42.9) 38.9 (34.1, 44.0) 
Fat mass*  32.4(26.6,37.4) 32.1 (26.6, 40.3) 32.5 (26.9, 37.4) 
Free fat*  47.9(45.1,54.8) 47.6 (45.1, 55.7) 48.3 (45.1, 55.7) 
Total body 
weight* 

 33.3(32.0,39.9) 33.7 (32, 40.5) 33.7 (32.0, 40.5) 

Total body 
fat percent* 

 44.4(41.4,47.1) 44.4 (41.4, 47.2) 43.8 (40.8, 46.1) 

Basal 
metabolic 
rate* 

 5933(5644,655) 5897.5(5523,6556) 6070.5(5653,7130) 

Metabolic 
age* 

 54 (46, 60) 53.5 (44, 60) 55.5 (48, 61) 

Visceral fat 
rate* 

 9 (6, 11) 8.5 (6, 12) 9 (6, 12) 

Obesity*   42.5 (30.1,52.7) 42.5 (30.1, 55.7) 43.8 (31.1, 55.7) 
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Factor Level visit 1  visit 2 visit 3 
HbA1c*  5.4 (5.2, 5.6) 5.4 (5.2, 5.6) 5.3 (5.2, 5.6) 
CRP*  1 (1, 2.8) 1 (1, 2.9) 1 (1, 2.8) 
IL-6*  3 (1, 5) 3.5 (2, 5) 3 (1, 4) 
Vitamin D*  26 (19, 36) 26.5 (21, 40) 25 (18, 40) 
Cholesterol*  4.3 (3.8, 4.9) 4.3 (3.8, 4.8) 4.4 (3.7, 4.8) 
Triglyceride*  0.8 (0.6, 1) 0.9 (0.6, 1) 0.8 (0.6, 1) 
HDL*  1.3 (1.1, 1.7) 1.3 (1.1, 1.6) 1.2 (1.1, 1.7) 
LDL*  2.8 (1.9, 3.4) 2.8 (1.9, 3.4) 2.8 (1.9, 3.3) 

 

 

7.2.2. Model 1 (HOMA-IR): Predictors of insulin resistance  

The risk of insulin resistance (defined as having having a severely abnormal 

HOMA-IR level (upper tertile)) was assessed in relation to SSFR, history of bariatric 

surgery, diabetic status and baseline BMI independently (Table 9). The median 

HOMA-IR in the upper tertile HOMA-IR group across all time points was 2.18 (IQR 

1.96 – 3.30).  

The odds of having upper tertile HOMA-IR (independent of the diabetic status, 

BMI, and history of obesity surgery) was 30% higher (OR 1.30; p=0.688) in the first 

week after SSFR but had dropped 78% below base value (OR 0.22; p=0.042) by 6-

weeks after SSFR (Table 3.2). The interpretation of the latter is that at 1 week after 

surgery the estimated OR suggested some worsening of HOMA-IR due to post-

operative inflammatory status 238 but the evidence was weak at this sample size 

(p=0.688). However, at 6 weeks, there was a clinically and statistically significant drop 

in HOMA-IR (OR 0.22; p=0.042) and therefore the odds of upper tertile HOMA-IR 

dropped by an almost five-folds over the baseline.  

On the contrary, those with a history of obesity surgery (irrespective of SSFR, 

BMI and T2D status) had a 56% decrease in odds of upper tertile HOMA-IR (OR 0.44) 

compared to those without prior obesity surgery, but the evidence was weak at this 
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sample size (p=0.142).  

Diabetic status showed a four-folds higher odds of having upper tertile HOMA-

IR (OR 3.99; p=0.086), despite the limited statistical evidence at this sample size. 

However, BMI had weak correlation with insulin resistance status (OR 1.38; p=0.615). 

The interpretation of the latter could be that the visceral fat mass as well as the adipose 

fat dysfunction are stronger predictors of insulin resistance status, rather than total fat 

mass and BMI 239. This model showed goodness of link (linktest in Stata) and goodness 

of fit (Area under ROC curve= 0.709, McFadden’s R2= 0.096). 

7.2.3. Model 2 (dwAG3): Predictors of abnormal glucose excursion 

The risk of having a severely abnormal glucose excursion on the GTT, defined 

as severely abnormal dwAG level (the fourth dwAG category), was assessed in 

relation to SSFR, history of bariatric surgery, as well as diabetic and obesity status 

independently (Table 9). The median dwAG in this severely abnormal group across all 

time points was 9.51 (IQR 9.15 – 11.93).  

The odds of having severely abnormal dwAG (independent of the diabetic 

status, BMI, and history of obesity surgery) was 2-fold higher (OR 2.2; p=0.256) in 

the first week after SSFR but had returned to base value (OR 1.05; p=0.956) by 6-

weeks after SSFR. The interpretation of the latter is that at 1 week after surgery the 

estimated OR suggested some worsening due to post-operative inflammatory status 239 

but there was weak evidence (p=0.256) against the model hypothesis at this sample 

size. On the contrary, those with prior obesity surgery had an almost 10-fold decrease 

in odds of a severely abnormal dwAG status (OR 0.09; p=0.031) compared to those 

without prior obesity surgery (irrespective of SSFR, obesity and T2D status).  

Diabetic status as expected showed an extremely high odds of having severely 

abnormal dwAG (OR 66.01; p= 0.001). However, obesity status showed very weak 
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evidence for an association with the risk of having a severely abnormal glucose 

excursion on the GTT (OR 0.78; p= 0.795). This finding also supports the theory that 

visceral fat mass and adipose fat dysfunction are stronger predictors of insulin 

resistance status, rather than total fat mass 239. This model showed goodness of link 

(linktest in Stata) and goodness of fit (Area under ROC curve= 0.764, McFadden’s 

R2= 0.246). 

 

 

Table 7.2 Predictors of Insulin Resistance (Model 1: HOMA-IR) Or Abnormal 

Glucose Excursion (Model 2: dwAG3) 

Variable Model 1 
(HOMA-IR) ** 

OR (95% CI) 

P 
values 

Model 2 
 (dwAG3) ** 

OR (95% CI) 

P 
values 

Time post SSFR 

1 week after surgery* 1.30 (0.36, 
4.67) 

0.688 2.20 (0.56, 8.56) 0.256 

6 weeks after surgery* 0.22 (0.05, 
0.95) 

0.042 1.05 (0.17, 6.34) 0.956 

Risk factors 

History of bariatric 
surgery 

Diabetes mellitus 

0.44 (0.14, 
1.32) 

3.99 (0.82, 
19.34) 

0.142 

 0.086 

0.09 (0.01, 0.80) 

66.01 (6.61, 
435.47) 

 0.031 

<0.001 

Obese 1.38 (0.40, 
4.78) 

0.615 0.78 (0.12, 4.94) 0.795 

     

*  Compared to pre-surgery.  

** Model 1: OR of upper tertile HOMA-IR; Model 2: OR of severely abnormal 
dwAG 
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7.3. Discussion 

Obesity surgery is an efficient treatment for obesity and related metabolic 

diseases 240. Because of the rapid and massive weight loss following the surgery, many 

patients tend to require body contouring plastic surgery to remove redundant 

abdominal skin and excess subcutaneous abdominal fat for aesthetic purposes. The 

precise mechanisms by which obesity surgery affords the protections and the 

consequences of surgical (and non-surgical) fat removal on human metabolism is not 

fully clear yet 33,85,241,242.  

This study answered a few of the pertinent questions through examination of 

the early post-operative changes in glucose homeostasis after SSFR at three time 

points. A clear protective effect of prior obesity surgery on glucose excursion during 

the GTT was demonstrated using a novel index, the dwAG. This effect was found to 

be independent of time post SSFR, BMI and diabetic status. Abnormal glucose 

excursion has been associated with different metabolic risk profiles and increased 

future risk of T2D 223,242. Therefore, our results suggest that obesity surgery offers this 

protection, independent of BMI.  

The mechanism underpinning this protection on abnormal glucose excursion 

seems to work through both effects on insulin resistance as well as pancreatic β cell 

function because the OGTT combines both insulin resistance and the β cell function 

status. The implication is that glucose excursion under the OGTT curve provides a 

predictive test for future development of T2D, independent of BMI. The latter is 

related to the overall shape of the glucose excursion curve and thus the slower the 

glucose curve returns to the fasting glucose level, the worse the metabolic profile with 
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greater insulin resistance and/or worse pancreatic β cell function, and higher risk of 

future development of T2D 242.  

7.4. Conclusion 

This study demonstrates an improvement in insulin resistance after SSFR, 

independent of BMI, diabetic status, or obesity surgery status. The benefit on insulin 

resistance in this study was first seen at 6 weeks post-surgery, which is consistent with 

our findings in our SSFR DRMA (chapter 4). The expected duration of this effect is 

unknown, but our DRMA suggested that it lasts at least for 6 months.   
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CHAPTER 8: IMPACT OF PRIOR OBESITY SURGERY ON GLUCOSE 

METABOLISM AFTER SSFR 

8.1 Main objectives and methods summary  

This study aimed to evaluate the impact of prior obesity surgery on glucose 

metabolism (including both glucose excursion and insulin resistance) after SSFR. This 

involve examining the patients over three visits (within 1 week before surgery, 1 week 

after surgery and 6 weeks after surgery) using Doi’s weighted average glucose (dwAG) 

under the oral glucose tolerance test (GTT) and HOMA-IR respectively. To address 

the main objectives above, a cluster robust-error logistic regression was undertaken to 

examine the independent impact history of obesity surgery on glucose homeostasis. 

Further details of the methodology used in this study are detailed in Chapter 2. 

8.2.  Results  

The impact of prior bariatric surgery on changes in glucose homeostasis (both 

insulin resistance and glucose excursion under the GTT) after SSFR were examined 

using predictive margins after logistic regression from models 1 & 2. Figure 12 depicts 

the proportions under the models in sections 3.2 & 3.3. This analysis aims to compare 

the changes in proportions with either insulin resistance or glucose excursion under 

the GTT in those with history of bariatric surgery versus bariatric surgery naïve 

participants. The left panel depicts insulin resistance (model 1; HOMA-IR) and the 

right panel depicts glucose excursion under the GTT (model 2; dwAG).   
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FIGURE 12. Predictive margins after logistic regression in Table 7.2  

The left panel depicts insulin resistance (model 1; HOMA-IR) and right panel depicts 

glucose excursion under the GTT (model 2; dwAG).  

In the left panel, there is an increase in proportions (the change in proportions 

is depicted in Figure 12) with gross insulin resistance (defined as upper tertile HOMA-

IR) by visit 2 and this is seen in both those with and without a bariatric surgery history. 

Marked improvement in proportion (difference in proportions depicted in Figure 12) 

with severe insulin resistance is seen by visit 3 (again in both groups with and without 

a history of bariatric surgery) suggesting that insulin sensitivity has improved 

markedly by 6 weeks (more so in bariatric surgery naïve participants). This also 

correlates with the previous finding in section 3.2, where SSFR resulted in a transient 

worsening in insulin resistance at visit 2 (1 week after surgery) possibly due to post 

operative hyper-inflammatory status 238, followed by significant improvement at visit 

3 (6 weeks after surgery).  
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The right panel in Figure 12 depicts the proportions in relation to severely 

abnormal glucose excursion (defined as severely abnormal dwAG) and here this 

picture is different. Those with a history of bariatric surgery have no real change in 

probability of this degree of glucose excursion over time while those without a prior 

history of bariatric surgery demonstrate a rise in the proportion with severely abnormal 

glucose excursion by visit 2 (which parallels the increase in HOMA-IR) and then 

returns to baseline by visit 3. 

In both the left and right panels, those with a history of bariatric surgery have 

both lower proportions with gross insulin resistance as well as with severely abnormal 

glucose excursion at all time points. It is clear that the main impact of SSFR is on 

insulin resistance (HOMA-IR) in all subjects, but that glucose excursion effect is 

markedly diminished in those with a history of bariatric surgery.  

These results clearly suggest that SSFR improves insulin sensitivity in those 

with or without bariatric surgery, but only improves glucose excursion under the GTT 

in bariatric surgery naïve participants, suggesting that bariatric surgery results in 

sustained improvements in beta-cell function (and less so in terms of HOMA-IR) 256.  

8.3. Discussion  

Insulin resistance, which is defined as a suboptimal response to normal blood 

levels of insulin, is what links overweight and obesity to worsening pancreatic β cell 

dysfunction, T2D and its associated metabolic consequences such as cardiovascular 

diseases. In this study, subjects with a history of obesity surgery had a markedly lower 

glucose excursion even at visit 2 when HOMA-IR increased, strongly suggesting that 

the obesity surgery effect is mediated through sustained improvement in pancreatic β 

cell function. This is interesting because obesity surgery is known to improve glucose 

homeostasis before significant weight loss ensues 257,258  and this also occurs with 



 

  

  

97  

calorie restriction 259. The mechanisms by which pancreatic cell health and function 

are improved remain unknown 261 though it has been suggested that gut hormones, 

especially glucagon like peptide-1 262, may modulate this effect. Better understanding 

of what happens in the aftermath of obesity surgery will provide novel insights into 

our understanding of the management of chronic metabolic sequalae of obesity, 

especially T2D.  

The removal of about 2-3 kg of abdominal subcutaneous fat (through SSFR) 

was associated with a net benefit in terms of insulin resistance post SSFR as indicated 

in Table 7.2 and Figure 12 at six weeks. This finding is consistent with our finding in 

the SSFR DRMA, where 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, up to six months after surgery. The DRMA also 

showed that peak metabolic benefits manifested at six weeks after surgery as a 

reduction of 2 units in body mass index, 3 kg of fat mass, 5 cm 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, but were 

followed by a return to preoperative levels by six months (except for the improvement 

in insulin sensitivity).  

 This improvement in insulin resistance may be linked to SSFR associated 

changes in secretion of certain adipokines such as leptin 263, which secreted from 

subcutaneous fat stores rather than the visceral fat stores, due to their larger mass and 

higher secretion rate 248 . It acts centrally (in the hypothalamus) and peripherally in 

various tissues such as adipocytes, pancreas, liver, and skeletal muscles 249 to promote 

insulin action and sensitivity, thereby maintaining glucose homeostasis. However, the 

impact of leptin may be influenced by other factors, particularly in cases of elevated 
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leptin levels in obesity, and these additional factors may counteract the favorable 

effects of leptin 251. Leptin exerts an insulin sensitizing effect in those with low leptin 

states, including lipoatrophy states 252. Thus, a decrease in leptin levels is expected 

after SSFR, but the underlying mechanism for improved insulin sensitivity remains 

unknown. One explanation could be that leptin resistance is a consequence of another 

adipokine that is elevated in obesity and falls with SSFR. This would ease leptin from 

its resistant state, even as its own levels decrease. This hypothesis is supported by the 

association of hypoleptinaemic states with insulin resistance which can be ameliorated 

by leptin treatment 1,251,254 mechanisms involved however need further investigation 

to establish a link with main adipokine; leptin, which is the most abundant adipokine 

secreted from white adipose tissue 263. 

8.4. Conclusion 

This study sheds new light on the possibility that the long-term impact of 

obesity surgery may primarily target improvement in pancreatic β-cell function, 

regardless of SSFR. However, the intricate interplay between SSFR and obesity 

surgery in obesity and T2D remain to be fully elucidated. 
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CHAPTER 9: SUMMARY OF RESEARCH OUTCOME, IMPACT AND FUTURE 

DIRECTIONS  

9.1. Summary of research outcome and their integration 

Patients going for SSFR, represent a unique population as they experience a 

sudden loss of their ASF. However, the metabolic changes after these procedures are 

still unclear. The first stage of this project conducted an umbrella review, which 

summarized four attempts at evidence synthesis on the metabolic changes after 

surgical fat removal, with a total of 29 unique studies included and 759 total 

participants. Results showed a possible improvement in obesity-associated insulin 

resistance, however, there was a lack of clarity regarding the extent of the effect and 

clinical significance. Nevertheless, it seems likely that ASF removal is associated with 

improved insulin sensitivity. In terms of inflammation, one of the two syntheses 

reported that ASF removal results in a lower degree of IL-6 and TNF-a, and thus 

potentially a more favorable metabolic risk profile. These syntheses also reported a 

reduction of leptin levels after ASF removal through surgery. There was heterogeneity 

in the reported changes in other adipokines such as adiponectin and resistin. Clearly, 

the data from previous studies are not conclusive, nevertheless, it seems likely that 

SSFR is associated with improved insulin sensitivity and lower levels of inflammatory 

cytokines.  

To have a clear understanding of the degree and duration of these metabolic 

changes, the second phase of this research project conducted a DRMA to examine the 

durability of these changes after SSFR. Twenty-two studies with 493 participants were 

included.  Insulin sensitivity improved gradually with a maximum reduction of fasting 

insulin and HOMA-IR of 17 pmol/L and 1 point respectively at post-operative day 
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180.  Peak metabolic benefits manifest as a reduction of 2 units in body mass index, 3 

kg of fat mass, 5 cm of waist circumference, 15 µg/L of serum leptin, 0.75 pg/ml of 

tumor necrosis factor alpha, 0.25mmol/L total cholesterol and 3.5 mmHg of systolic 

and diastolic blood pressure were observed at 50 days but were followed by a return 

to preoperative levels by day 180.  Serum concentration of high-density lipoproteins 

rose to a peak 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 in fasting 

blood glucose. In conclusion, this paper showed that body contouring surgery exerts 

several metabolic benefits in the short term but only improvements in insulin 

sensitivity last at least for 6 months.   

To compare these finding with the metabolic changes after NSSFR, a second 

DRMA was conducted. Twenty-two studies with a total of 676 participants were 

included. Peak body compositions measures manifest as a reduction of 2 units in the 

body mass index, 1 kilogram in the body weight, 5 centimeters in waist circumference 

and 1.5 centimeters in abdominal fat thickness. The effect was sustained up to 60 days 

after procedure. Fat thickness continued to decrease up to 90 days after procedure. 

Lipid profile deteriorated up to 14 days after procedure with a serum increase of 15 

mg/dL in low-density lipoprotein (LDL), 10 mg/dl in triglycerides (TG), and 15 mg/dl 

in total cholesterol (TC). No significant change was observed in serum high-density 

lipoprotein (HDL). In conclusion, this paper showed that non-surgical fat removal 

exerts a similar effect on body mass index and related parameters up to 60 days after 

procedure, while the lipid profile deteriorated in the first two weeks.  

The third phase of this project aimed to validate the Doi’s weighted average 

glucose (dwAG) as a novel index of glucose excursion after oral glucose tolerance test 
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OGTT. Then to combine this index along with the HOMA index (a measure for insulin 

resistance/sensitivity status) in examining the changes in glucose homeostasis after 

SSFR.  

The results showed that the glucose area under the curve correlated well with 

the four defined dwAG categories, with one of the categories having a different area 

under the GTT curve (KW Chi2= 52.8(df=3), P<0.001). The HOMA-S tertiles were 

also associated with a significantly different level of glucose excursion measured 

through both the dwAG measure (KW Chi2= 11.4 (df=2), P=0.003) and A-GTT 

measure (KW Chi2= 13.1 (df=2), P=0.001). It was concluded that the dwAG value 

(and categories) serve as a simple tool that can be used for glucose homeostasis 

interpretation. It correlated well with the conventional A-GTT and the HOMA-S 

tertiles. 

 Utilizing these indexes (the dwAG and HOMA) on measuring the changes in 

glucose homeostasis after SSFR, showed that SSFR led to a gross improvement in 

insulin resistance by 6-weeks after SSFR in all patients irrespective of BMI, diabetic 

status or history of bariatric surgery (OR 0.22; P=0.042), however, no effect was 

observed on glucose excursion except for a transient increase at visit 2 (1st week after 

surgery) in those without prior obesity surgery. Participants with history of bariatric 

surgery had approximately half the odds of upper tertile HOMA-IR (OR 0.44; 

p=0.142) and ten-folds lower odds of severely abnormal (dwAG3) glucose excursion 

(OR 0.09; p=0.031), irrespective of their BMI, diabetic status or time post SSFR. In 

conclusion, this study showed that body contouring related SSFR resulted in (at least) 

short-term improvement in insulin resistance (independent of BMI, diabetic status and 

history of obesity surgery) without affecting glucose excursion under the GTT. On the 

contrary, obesity surgery resulted in a long-term effect on glucose excursion, possibly 
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due to sustained improvement of beta-cell function. 

In summary, it seems that SSFR results in favorable metabolic changes, 

particularly improving insulin sensitivity. However, there is a need for properly and 

well-conducted prospective clinical studies to unravel these putative changes. In turn, 

this will help us not only to confirm the safety of these procedures but also to define if 

these procedures can be used for metabolic benefit and to broaden our knowledge 

about the mechanisms underpinning excess ASF and associated metabolic 

consequences. 

9.2. Research impact, significance and future directions  

9.2.1. Advances on state of the art 

This research aimed to target the uncertainties in the metabolic changes after a 

sudden reduction in the amount of subcutaneous fat tissue by surgical methods. This 

in turn helps to understand the underlying mechanism behind the insulin resistance 

trajectories among overweight and obese patients which is a major cause of morbidities 

and mortalities among the Qatari population and on the global level as well.  

This research output aims ultimately to increase our knowledge and improve 

our clinical practice in managing obesity-associated insulin resistance and other 

metabolic complications, which has a direct consequence for the health system by 

potentially suggesting ways through which higher accuracy and specificity in the 

treatment and detection of these diseases can proceed. Eventually, this will have a 

positive impact on the cost burden of treating these obesity-related diseases and 

complications. The innovation in this program of work outlined in this research is not 

limited to theory-driven data, but the aim is to be clinically translated. 

9.2.2. Alignment to the national research priority  

This research falls within the National Priorities Research Program 13 (NPRP 
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13) biomedical and health pillar priority theme of non-communicable diseases. This 

optimizes effective delivery of health care and related systems and services and 

improve the health and wellbeing of the Qatar population through better use of 

research output.  

There is a pressing need to ensure that we expand research input to cope with 

the high impact of such metabolic disorders and to study the metabolic effect of these 

body contouring surgeries which is gaining accelerating popularity in Qatar. This, in 

turn, provide an opportunity to improve our clinical practice so that Qataris can 

continue to enjoy a productive and fulfilling life with the best efficiencies for support 

and health services, and on the budget. Importantly, it provides robust evidence that 

can be used to guide health modeling. As such it contributes to major health care 

advances thereby providing a better quality of life for the population. 

9.2.3. Social, health, economic and environmental impact 

Based on the previous literature it was not clear if surgical fat removal for 

cosmetic reasons has a neutral, adverse or beneficial impact on metabolic health of a 

patient. This is a critical question that has been answered for Qatar because this is a 

common procedure amongst the Qatari population, given the free access to this 

surgical procedure. There is of high importance in order to ensure that patients are not 

harmed by this procedure. In addition, the metabolic changes observed can have 

potential implications for type 2 diabetes in terms of understanding interaction with fat 

tissue related hormones and further our medical knowledge of the interaction between 

fat mass and various hormonal regulation.   

Additionally, Qatar University (QU) intends to become the most research-

intensive university in the region. Qatar University (QU) has been ranked 332nd in the 

QS World University Rankings 2019, among the top 1,000 universities in the world, 
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and 36th in the “QS Top 50 Under 50” 2019 ranking. It has been steadily increasing 

in rank across reputable international rankings. QU-CMED facilitates national and 

international collaboration with world research leaders and fosters the career 

development of staff through providing opportunities for training (e.g. academic 

leadership) and funding for attendance at national and international conferences. The 

current research is integrated within QU's broader strategic recognition of core 

responsibilities around providing research leadership, addressing complex problems, 

and extending benefits to the community that accompanies the development and 

maintenance of a pervasive research culture. QU has systematically and deliberately 

invested in the development of a health cluster across the colleges of Medicine, Health 

Sciences and Pharmacy. The present research fits with existing QU research strengths 

in terms of advancing the fields of diabetes & metabolic diseases, clinical 

epidemiology and the field of molecular medicine. 

The funding sought in the current research through several research grants, 

provides the required level of research support for the principal supervisor of this 

dissertation, Professor Suhail A. Doi, in his capacity as an academic staff member and 

Head of the Department of Population Medicine, to deliver on the mission of this 

research-intensive Department located within the QU-CMED and thus strengthen 

Qatar’s research infrastructure. It also supports the role of QU-CMED in post-graduate 

education. 

Key elements of the mission of the College of Medicine, in line with Hamad 

Medical Corporation's priorities, are to better the health of the population through 

leveraging research findings and to promote and improve the physical image as well 

as the physiological state and wellbeing of the Qatari population. This research project 

contributes directly to this mission through better evidence generation across a 
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multitude of unanswered questions to generate new data that will link clinical, 

biochemical and molecular parameters after these body contouring surgeries. In so 

doing, the capacity for informed decision making through leveraging of research 

output becomes more robust and reliable contributing to our ability to make the best 

use and interpretation of knowledge in the country, potentially informing policy and 

practice.  

This research project provides a very strong platform for the continuation, 

consolidation, and expansion of this work, with the potential to impact the National 

Health Strategy (NHS) of Qatar, as outlined by the Ministry of Public Health (MOPH). 

Research translation is a key aspect of the MOPH health strategy as that is what guides 

policy and practice and is evidenced by being a key element within the NHS. In 

addition to its direct alignment with the strategic priorities of Qatar Foundation, the 

proposed research will allow existing national and international collaborative 

relationships with other research institutions to be strengthened through collaborative 

analyses of large datasets. This project also influences research translation in this area 

of national importance thus creating further opportunities for collaborative research 

translation activities to be initiated and developed within CMED and these outputs will 

be invaluable to the various researchers in these streams. This outcome would also be 

valuable to researchers across QU such as in Biomedical Sciences, Public Health, 

Academic Departments of Surgery & Medicine and therefore this project has strategic 

importance well beyond CMED thereby contributing to cross- and inter-disciplinary 

research at QU. The funding obtained for this project also support the strategic 

requirements of both the CMED and QU by providing access to opportunities that can 

leverage for the broader interest of the Qatari research community. 
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9.2.4. Communication and exploitation of results 

Results of this research project are currently being disseminated to update the 

health system (surgical departments) regarding the non-cosmetic impact on patients 

and may serve to modify selection criteria for this procedure, to those who would 

benefit most, or avoid harm. Dissemination of results based on the data through peer-

reviewed publications and conference presentations. Given the importance of this 

research, particular attention will be focused on the wider dissemination of the research 

findings. Where possible open access options have been chosen and results has been 

communicated to the broader community through public seminars and talks to interest 

groups and leaders especially within the NHS of the MOPH in Qatar.  

Special advantages of this research project are to use it as a promotion for 

further collaborative studies among the involved parties, as well as an opportunity to 

advertise QU-postgraduate projects that include masters and PhD. programs at Qatar 

University. This aims to generate not only advanced clinical knowledge but also will 

help the development of future researchers that will continue to support the health 

advancement of this country. 
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CHAPTER 10: SUPPLEMENTARY MATERIALS  

 

Figure S1. Search strings for the umbrella review study.  
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Figure S2. Quality assessment of the four syntheses included in the umbrella review 

study.  
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Figure S3. Full search strings for all databases (SSFR-DRMA study). 
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Figure S4. PRISMA checklist (SSFR-DRMA study). 

 

PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  

Location 
where item 
is reported  

TITLE   

Title  1 Identify the report as a systematic review. P15 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. P3 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. P5 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. P6 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. P6-7 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

P6 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. P6 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

P6-7 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

P8 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

P7-8 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

P7-8 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 

P8 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. N/A 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

P6-7 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

N/A 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. N/A 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

P9 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). N/A 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. N/A 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). N/A 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. P10-12 

PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  

Location 
where item 
is reported  

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in 
the review, ideally using a flow diagram. 

P9 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. N/A 

Study 
characteristics  

17 Cite each included study and present its characteristics. P9 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. P12 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 
(e.g. confidence/credible interval), ideally using structured tables or plots. 

P9 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. P12 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

P10-12 

20c Present results of all investigations of possible causes of heterogeneity among study results. P17 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. N/A 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. N/A 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. P10-12 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. P12-17 

23b Discuss any limitations of the evidence included in the review. P17 

23c Discuss any limitations of the review processes used. N/A 

23d Discuss implications of the results for practice, policy, and future research. P17 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. N/A 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. P2 

24c Describe and explain any amendments to information provided at registration or in the protocol. N/A 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. P2 

Competing 
interests 

26 Declare any competing interests of review authors. P2 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review. 

P6 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

For more information, visit: http://www.prisma-statement.org/  
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Figure S5. Quality assessment of the included studies using the MethodologicAl 

STandards for Epidemiological Research (MASTER) scale (SSFR-DRMA study). 

  



 

  

  

112  

 
 
Figure S6. Search strategy (NSSFR DRMA study) 
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Section and 
Topic  

Item 
# Checklist item  

Location 
where item is 
reported  

TITLE   
Title  1 Identify the report as a systematic review. 1 
ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. 3-4 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing knowledge. 5 
Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 6 
METHODS   
Eligibility 
criteria  

5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 7-8 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to 
identify studies. Specify the date when each source was last searched or consulted. 

7 

Search 
strategy 

7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Supplementary 
material 1 

Selection 
process 

8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 
reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, 
details of automation tools used in the process. 

7-8 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, 
whether they worked independently, any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process. 

8-9 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each 
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used 
to decide which results to collect. 

8-9 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding 
sources). Describe any assumptions made about any missing or unclear information. 

9 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many 
reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools 
used in the process. 

8 

Effect 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation 8-9 
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Section and 
Topic  

Item 
# Checklist item  

Location 
where item is 
reported  

measures  of results. 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 
intervention characteristics and comparing against the planned groups for each synthesis (item #5)). 

7-8 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing 
summary statistics, or data conversions. 

n/a 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Table 1 
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was 

performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and 
software package(s) used. 

9-10 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, 
meta-regression). 

n/a 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. n/a 
Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). n/a 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 9-10 

RESULTS   
Study 
selection  

16a Describe the results of the search and selection process, from the number of records identified in the search to the 
number of studies included in the review, ideally using a flow diagram. 

Figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were 
excluded. 

n/a 

Study 
characteristics  

17 Cite each included study and present its characteristics. Table 1 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. n/a 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect 
estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

Figure 2-3 

Results of 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. n/a 
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Section and 
Topic  

Item 
# Checklist item  

Location 
where item is 
reported  

syntheses 20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary 
estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing 
groups, describe the direction of the effect. 

11-12 

20c Present results of all investigations of possible causes of heterogeneity among study results. n/a 
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. n/a 

Reporting 
biases 

21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. n/a 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. 11-12 

DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other evidence. 13 

23b Discuss any limitations of the evidence included in the review. 15 
23c Discuss any limitations of the review processes used. 15 
23d Discuss implications of the results for practice, policy, and future research. 13-15 

OTHER INFORMATION  
Registration 
and protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review 
was not registered. 

n/a 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. n/a 
24c Describe and explain any amendments to information provided at registration or in the protocol. n/a 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the 
review. 

2 

Competing 
interests 

26 Declare any competing interests of review authors. 2 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data 
extracted from included studies; data used for all analyses; analytic code; any other materials used in the review. 

n/a 

 
Figure S7. PRISMA checklist (NSSFR DRMA study)  
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Table S8. Quality assessment of the included studies using the MethodologicAl STandards for Epidemiological Research (MASTER) scale 
(NSSFR DRMA study) 
 
Standard Category 

1-9: equal recruitment 

10- 16:  equal ascertainment 

17- 22: equal implementation 

23- 28: equal prognosis 

29-31: Sufficient analysis 

32- 36: Temporal precedence 

 

Safeguards:  

1 Data collected after the start of the study was not used to exclude participants or to select them into the analysis 

2 Participants in all comparison groups met the same eligibility requirements and were from the same population  

             and timeframe 

3 Determination of eligibility and assignment to treatment group/ exposure strategy were synchronised    
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4 None of the eligibility criteria were common effects of exposure and outcome 

5 Any attrition (or exclusions after entry) <20% (based on numbers)          

6 Missing data was less than 20%  

7 Analysis accounted for missing data 

8 Exposure variations / treatment deviations were  less than 20%  

9 Variations in exposure or withdrawals after start of the study were addressed by the analysis   

10 Procedures for data collection of covariates were reliable and the same for all participants 

11 The outcome was objective and/ or reliably measured  

12 Exposures/ interventions were objectively and/ or reliably measured 

13 Outcome assessor(s) were blinded  

14 Participants were blinded 

15 Caregivers were blinded 

16 Analyst(s) were blinded                

17 Care was delivered equally to all participants                                                                                
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18 Cointerventions that could impact the outcome were comparable between groups or avoided                                  

19 Control and active interventions/ exposures were sufficiently distinct   

20 Exposure/intervention definition was consistently applied to all participants 

21 Outcome definition was consistently applied to all participants 

22 The time period between exposure and outcome was similar across patients and between groups or the analyses  

             adjusted for different lengths of follow-up of patients 

23 Design and/or analysis strategies were in place that addressed potential confounding  

24 Key confounders addressed through design or analysis were not common effects of exposure and outcome  

25 Key baseline characteristics / prognostic indicators for the study were comparable across groups 

26 Participants were randomly allocated to groups with an adequate randomisation process  

27 Allocation procedure was adequate and concealed 

28 Conflict of interests were declared and absent 

29 Analytic method was justified by study design (e.g., effect size not appropriate for the study design or cross-over  

             designs properly handled etc) 
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30 Computation errors or contradictions were absent (calculation) 

31 There was no discernible data dredging or selective reporting of the outcomes 

32 All subjects were selected prior to intervention/ exposure and evaluated prospectively  

33 Carry-over or refractory effects were avoided or considered in the design of the study or were not relevant- in medication 

34 The intervention/ exposure period was long enough to have influenced the study outcome 

35 Dose of intervention/ exposure was sufficient to influence the outcome 

36 Length of follow-up was not too long or too short in relation to the outcome assessment   

 

Stu

dy 

ID 

SG
1 

SG
2 

SG
3 

SG
4 

SG
5 

SG
6 

SG
7 

SG
8 

SG
9 

SG
10

 

SG
11

 

SG
12

 

SG
13

 

SG
14

 

SG
15

 

SG
16

 

SG
17

 

SG
18

 

SG
19

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 

4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 

6 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
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6 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 

6 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

 

SG: Safeguard number.  
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Table S9.  Trend Statement Checklist (quasi experiment pilot study)  

 
 
 
 
 
  

TREND Statement Checklist 

Paper 
Section/ 
Topic 

Item 
No 

Descriptor Reported? 

 Pg # 

Title and Abstract 
Title and  
Abstract 

1  Information on how unit were allocated to interventions   
 Structured abstract recommended   
 Information on target population or study sample   

Introduction 
Background 2  Scientific background and explanation of rationale   

 Theories used in designing behavioral interventions   

Methods 
Participants 3  Eligibility criteria for participants, including criteria at different levels in 

recruitment/sampling plan (e.g., cities, clinics, subjects) 
  

 Method of recruitment (e.g., referral, self-selection), including the 
sampling method if a systematic sampling plan was implemented 

  

 Recruitment setting   
 Settings and locations where the data were collected   

Interventions 4  Details of the interventions intended for each study condition and how 
and when they were actually administered, specifically including: 

  

o Content: what was given?   
o Delivery method: how was the content given?   
o Unit of delivery: how were the subjects grouped during delivery?   
o Deliverer: who delivered the intervention?   
o Setting: where was the intervention delivered?   
o Exposure quantity and duration: how many sessions or episodes or 

events were intended to be delivered? How long were they 
intended to last? 

  

o Time span: how long was it intended to take to deliver the 
intervention to each unit? 

  

o Activities to increase compliance or adherence (e.g., incentives)   
Objectives 5  Specific objectives and hypotheses   
Outcomes 6  Clearly defined primary and secondary outcome measures   

 Methods used to collect data and any methods used to enhance the 
quality of measurements 

  

 Information on validated instruments such as psychometric and biometric 
properties 

  

Sample Size 7  How sample size was determined and, when applicable, explanation of any 
interim analyses and stopping rules 

  

Assignment 
Method 

8  Unit of assignment (the unit being assigned to study condition, e.g., 
individual, group, community) 

  

 Method used to assign units to study conditions, including details of any 
restriction (e.g., blocking, stratification, minimization) 

  

 Inclusion of aspects employed to help minimize potential bias induced due 
to non-randomization (e.g., matching) 
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TREND Statement Checklist 
Blinding 

(masking) 

9  Whether or not participants, those administering the interventions, and 

those assessing the outcomes were blinded to study condition assignment; 

if so, statement regarding how the blinding was accomplished and how it 

was assessed. 

  

Unit of Analysis 10  Description of the smallest unit that is being analyzed to assess 

intervention effects (e.g., individual, group, or community) 

  

 If the unit of analysis differs from the unit of assignment, the analytical 

method used to account for this (e.g., adjusting the standard error 

estimates by the design effect or using multilevel analysis) 

  

Statistical 

Methods 

11  Statistical methods used to compare study groups for primary methods 

outcome(s), including complex methods of correlated data 

  

 Statistical methods used for additional analyses, such as a subgroup 

analyses and adjusted analysis 

  

 Methods for imputing missing data, if used   

 Statistical software or programs used   

Results 
Participant flow 12  Flow of participants through each stage of the study: enrollment, 

assignment, allocation, and intervention exposure, follow-up, analysis (a 

diagram is strongly recommended) 

  

o Enrollment: the numbers of participants screened for eligibility, 

found to be eligible or not eligible, declined to be enrolled, and 

enrolled in the study 

  

o Assignment: the numbers of participants assigned to a study 

condition 

  

o Allocation and intervention exposure: the number of participants 

assigned to each study condition and the number of participants 

who received each intervention 

  

o Follow-up: the number of participants who completed the follow-

up or did not complete the follow-up (i.e., lost to follow-up), by 

study condition 

  

o Analysis: the number of participants included in or excluded from 

the main analysis, by study condition 

  

 Description of protocol deviations from study as planned, along with 

reasons 

  

Recruitment 13  Dates defining the periods of recruitment and follow-up   

Baseline Data 14  Baseline demographic and clinical characteristics of participants in each 

study condition 

  

 Baseline characteristics for each study condition relevant to specific 

disease prevention research 

  

 Baseline comparisons of those lost to follow-up and those retained, overall 

and by study condition 

  

 Comparison between study population at baseline and target population 

of interest 

  

Baseline 

equivalence 

15  Data on study group equivalence at baseline and statistical methods used 

to control for baseline differences 
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TREND Statement Checklist 
Numbers 
analyzed 

16  Number of participants (denominator) included in each analysis for each 
study condition, particularly when the denominators change for different 
outcomes; statement of the results in absolute numbers when feasible 

  

 Indication of ǁŚĞƚŚĞƌ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ƐƚƌĂƚĞŐǇ�ǁĂƐ�͞ŝŶƚĞŶƚŝŽŶ�ƚŽ�ƚƌĞĂƚ͟�Žƌ͕�ŝĨ�
not, description of how non-compliers were treated in the analyses 

  

Outcomes and 
estimation 

17  For each primary and secondary outcome, a summary of results for each 
estimation study condition, and the estimated effect size and a confidence 
interval to indicate the precision 

  

 Inclusion of null and negative findings   

 Inclusion of results from testing pre-specified causal pathways through 
which the intervention was intended to operate, if any 

  

Ancillary 
analyses 

18  Summary of other analyses performed, including subgroup or restricted 
analyses, indicating which are pre-specified or exploratory 

  

Adverse events 19  Summary of all important adverse events or unintended effects in each 
study condition (including summary measures, effect size estimates, and 
confidence intervals) 

  

DISCUSSION 
Interpretation 20  Interpretation of the results, taking into account study hypotheses, 

sources of potential bias, imprecision of measures, multiplicative analyses, 
and other limitations or weaknesses of the study 

  

 Discussion of results taking into account the mechanism by which the 
intervention was intended to work (causal pathways) or alternative 
mechanisms or explanations 

  

 Discussion of the success of and barriers to implementing the intervention, 
fidelity of implementation 

  

 Discussion of research, programmatic, or policy implications   
Generalizability 21  Generalizability (external validity) of the trial findings, taking into account 

the study population, the characteristics of the intervention, length of 
follow-up, incentives, compliance rates, specific sites/settings involved in 
the study, and other contextual issues 

  

Overall 
Evidence 

22  General interpretation of the results in the context of current evidence 
and current theory 

  

 

From:  Des Jarlais, D. C., Lyles, C., Crepaz, N., & the Trend Group (2004). Improving the reporting quality of 
nonrandomized evaluations of behavioral and public health interventions: The TREND statement. American Journal of 
Public Health, 94, 361-366.  For more information, visit: http://www.cdc.gov/trendstatement/ 
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R E V I E W

Metabolic aspects of surgical subcutaneous fat removal:
an umbrella review and implications for future research
Saif Badran 1, Suhail A. Doi 1, Moustapha Hamdi2, Atalla Hammouda3, Sara Alharami3, Justin Clark 4, Omran A. H. Musa 1,
Abdul-Badi Abou-Samra5,6, and Abdella M. Habib 7

Although obesity is a preventable disease, maintaining a normal body weight can be very challenging and di!cult, which has led to a
signi"cant increase in the demand for surgical subcutaneous fat removal (SSFR) to improve physical appearance. The need for SSFR is
further exacerbated because of the global rise in the number of bariatric surgeries, which is currently the single most durable
intervention for mitigating obesity. Fat tissue is now recognized as a vital endocrine organ that produces several bioactive proteins.
Thus, SSFR-mediated weight (fat) loss can potentially have signi"cant metabolic e#ects; however, currently, there is no consensus on
this issue. This review focuses on the metabolic sequelae after SSFR interventions for dealing with cosmetic body appearance. Data
was extracted from existing systematic reviews and the diversity of possible metabolic changes after SSFR are reported along with
gaps in the knowledge and future directions for research and practice. We conclude that there is a potential for metabolic sequelae
after SSFR interventions and their clinical implications for the safety of the procedures as well as for our understanding of
subcutaneous adipose tissue biology and insulin resistance are discussed.
Keywords: Surgical subcutaneous fat removal (SSFR), body contouring surgery, metabolism, insulin resistance, in!ammation,
adipokines.

Introduction
Obesity has reached pandemic levels and currently affects
all age groups and socioeconomic classes worldwide. Obesity
prevalence has almost tripled in the last 50 years according to
the World Health Organization and this, in turn, has led to more
fatality than malnutrition and being underweight combined [1].
The rising obesity rate has led to a substantial rise in metabolic
diseases, such as diabetes mellitus type 2 (T2D), hypertension,
cardiovascular disease, non-alcoholic hepato-steatosis, and
dyslipidemia [2].

Lipids comprise a wide range of molecules, such as phos-
pholipids, fatty acids, and triglycerides [3]. These molecules
represent a highly efficient energy resource. Recent studies
have advanced our view of adipose tissue from being sim-
ply an energy store, into an active endocrine organ, which
secretes several metabolically active adipokines, such as leptin,
adiponectin, and resistin. The latter plays an essential role in
glucose hemostasis and energy metabolism in our body [2].
These molecules have been ascribed to have a critical role in
energy homeostasis through communication with organs that
maintain system-wide metabolic homeostasis such as the liver.
Of the adipocyte-derived factors, adiponectin and leptin are

among the essential adipokines. Indeed, adiponectin analogs
are now considered one of the promising new therapeutic
targets for obesity-linked hyperglycemia, that mitigates obesity
and improves insulin sensitivity [4].

Insulin resistance, as a consequence of such dysregulation
associated with obesity, is what links the latter to T2D. Insulin
resistance leads to dysregulation of glucose homeostasis via a
combination of impaired glucose clearance and elevated glucose
production in the liver. Adipose tissue is a major contributor
to insulin sensitivity/resistance status. Too little fat mass, as
seen in patients with lipodystrophy, results in a severe form of
insulin resistance, and too much adipose mass can also result in
a similar condition [5]. The primary reason for the latter form
of insulin resistance may be hypoxia in adipose tissue that leads
to inflammatory lipo-toxicity [6].

Currently, it is unknown if the removal of excess subcu-
taneous fat tissue through surgical subcutaneous fat removal
(SSFR; also known as body contouring surgeries such as
liposuction or abdominoplasty) ameliorates the mass of hypoxic
fat thus reducing its consequences. Such surgeries have
become very common because, although obesity can be pre-
vented, maintaining a normal body weight can be very
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challenging and difficult and the increase in demand for
SSFR has been driven by patients seeking an improved
physical appearance [7]. However, the precise effect of sudden
removal of a patient’s body fat on metabolism is still not fully
understood.

Surgical subcutaneous fat removal
The current drift toward cosmetic plastic surgeries, especially
the body contouring surgeries which aim to produce a more
attractive body shape by removing the excess of skin and fat
tissue from multiple body areas, is due to several reasons such
as the increase in the safety of these procedures, the increase
in the availability of these operations, and largely due to the
recent increase in the number of bariatric surgeries. Bariatric
surgery is performed for morbidly obese patients to facilitate
loss of a significant amount of their body fat mass. Because of
the rapid and massive weight loss following bariatric surgery
such as sleeve gastrectomy, many patients tend to require body
contouring plastic surgery to remove redundant skin and excess
body fat [8]. The body-contouring surgery is also done for
purely cosmetic purposes in patients not undergoing bariatric
surgery.

A typical example of these body contouring surgeries is the
abdominoplasty (as known as Tummy Tuck) surgery which
suddenly removes around 2–3 kg of abdominal subcutaneous
fat (ASF) tissue, and usually is followed by tightening of
the abdominal wall muscles, to correct divarication of recti
muscles [9]. The other commonly undertaken surgery is
suction-assisted lipectomy and, together with abdominoplasty,
these represent the commonest plastic surgery procedures
that target subcutaneous fat from unwanted areas such as the
abdominal wall and flanks. The accelerating demand for these
surgical procedures has gradually moved the practice from
removing a small amount of intractable fat tissue to the removal
of a large volume (more than five liters) of subcutaneous fat
tissue, which eventually can result in a significant metabolic
effect [10]. However, whether the metabolic effects of these
two surgeries are the same or different is not known. In fact,
previous reviews and meta-analyses (MAs) have combined
these two procedures together which might not be accurate. For
example, the repair of the abdominal wall in abdominoplasty
might result in an increased intra-abdominal pressure with
reduced space for the future expansion of intra-abdominal fat
tissue, which might result in different metabolic effects than
liposuction [10, 11].

Finally, a distinction needs to be made between SSFR and
other modalities of fat loss (such as diet, exercise, or bariatric
surgeries) in that non-SSFR modalities result in a gradual
decrease in both the subcutaneous and intra-abdominal fat
tissue. This gradual reduction occurs through a decrease in
the size of the adipocytes while with SSFR there is actual loss
of subcutaneous adipocyte numbers, but without impact on
intra-abdominal adipocytes.

Fat removal sites in SSFR
SSFR classically is from abdominal and thigh areas, although
other sites may less commonly be targets for surgery. Abdominal

(or upper-fat) distribution is correlated more strongly with
obesity-associated metabolic risks and consequences than the
gluteo-femoral (or lower-fat) distribution in the gluteal and
thigh regions [12]. Fat in the abdomen may be subcutaneous
(ASF) or as abdominal visceral fat (AVF) tissue and it should
be noted that only ASF is the target for abdominal SSFR [9].
AVF is intraperitoneal fat that represents both the mesenteric
as well as the omental fat cells [13]. AVF is typically formed
of large adipocytes and contains necrotic and inflammatory
tissues. There is also retroperitoneal fat in humans of unclear
significance.

Central obesity in the abdominal area represents one of
the essential components of metabolic syndrome, along with
insulin resistance, elevated serum triglyceride, blood pressure,
and low high-density lipoproteins. The distribution of fat
deposits in the abdomen (ASF vs AVF) has thus been thought
to determine metabolic outcomes and that AVF tissue is more
“pathogenic” [14] and is what has been linked to metabolic
syndrome and T2D [15]. Other studies have also proposed
that both ASF and AVF play a role in metabolic risk [10]
but largely the metabolic risk of obesity has been linked
mainly to AVF because it is directly involved in the delivery
of free fatty acids as well as inflammatory proteins such as
interleukin-6 (IL-6), to the liver via the portal circulation [16]. It
is nevertheless probable that ASF may also play a role given that
more than 80% of the free fatty acids and other inflammatory
proteins reach the liver via the systemic circulation [17]. This
is supported by studies that report the intrahepatic triglyceride
rather than AVF is a better marker for obesity-associated
metabolic risk [18]. Therefore, it has recently been suggested
that the metabolic risk in obesity is a shared effect of molecules
secreted by both these compartments. Thus, there is an
expectation that SSFR may alter glucose homeostasis and
insulin resistance as a direct consequence of surgical ASF
removal.

Potential for metabolic sequelae after SSFR
Research has found that even a small weight loss of ten percent
can result in a significant improvement of obesity-linked
metabolic abnormalities, such as insulin resistance, high blood
pressure, and abnormal inflammatory marker levels [19, 20].
Additionally, increased knowledge of the metabolic conse-
quences of excess body fat and observations after bariatric
surgeries [21] have suggested that there could possibly be a
similar effect after SSFR. This has been examined in several
studies, which measure hormonal changes before and after
SSFR at different time points. These studies have been small
and heterogeneous and have reported inconsistent effects on
metabolic parameters, such as insulin resistance, adipokine
levels, and inflammation [22–34] To improve power and resolve
the inconsistency, these studies have been combined in several
syntheses, both systematic reviews (SRs) and MAs. The aim
of this umbrella review therefore is to now examine these
syntheses and summarize their findings as well as define
current knowledge gaps in the metabolic impact of SSFR,
particularly, changes in insulin resistance, inflammatory
markers, and adipokines levels.
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Materials and methods
Study inclusion and exclusion criteria
A search was conducted for evidence syntheses that synthesized
data on the metabolic changes after SSFR. PubMed, Embase, and
Scopus databases were searched without any date, language, or
publication restriction but exclusion of non-English and animal
studies, as well as non-surgical body fat removal and bariatric
surgeries.

Search strategy
Search was conducted on 8 November 2021 by two independent
authors using the polyglot Search Translator [35]. The search
strings used are given in the supplementary material (Figure S1)
for the syntheses that report changes in insulin sensitivity,
inflammatory markers, and adipokines levels after SSFR. Data
were extracted regarding synthesis type (SR or MA), title
and author, year of publication, type of SSFR, a summary of
included studies, follow-up duration after SSFR, and possible
evidence gaps. Main findings were summarized regarding
metabolic changes in terms of potential inflammatory and
anti-inflammatory adipokines and other metabolic markers.

Quality assessment
A MeaSurement Tool to Assess systematic Reviews-2
(AMSTAR-2) was used to assess the quality of the included
reviews and each included synthesis was examined against
16 quality safeguards to assess their methodological quality [36].

Data synthesis
A structured summary of findings was done for the eligible and
included SRs and MAs. Metabolic change findings were assessed
in three categories: insulin resistance, inflammatory markers,
and adipokines. For each of the categories, a separate table of
findings was formulated.

Results
Study selection
A search in the three databases: PubMed, Embase, and Scopus
on (08/11/2021) resulted in 444 studies. A total of 186 dupli-
cate studies were excluded. The remaining 258 articles were
screened by title and manuscript for eligibility of which six
met inclusion criteria. One synthesis was in French and was
excluded from this umbrella review [37], while another was
excluded as it reported changes in weight and fat mass only [38].
There were thus three MAs and one SR included, and Figure 1
depicts the PRISMA flow diagram for the selection of studies.

The first synthesis was conducted in 2013 [39], and since
then, another three syntheses have been published [10, 11, 40].
None of the four included syntheses (15, 14, 12, and 11 studies
included) examined the time trend after SSFR, and thus they
looked at metabolic changes through quantitative analyses (if
any) did not consider the heterogeneity in follow-up duration
across studies. This umbrella review summarizes the changes
reported in three categories: insulin resistance, inflammatory
markers, and adipokines levels. Quality assessment of the
included syntheses demonstrated that most of them included
PICO components in the review, explanation of inclusion

Figure 1. PRISMA !ow diagram of the study selection process.

criteria, justification for the excluded studies, use of a sat-
isfactory quality assessment tool in studies included in the
review, and adequate description of the included studies. See
supplementary material Figure S2.

Impact of SSFR on insulin resistance
Several studies have measured changes in insulin resistance
status after SSFR using different tests, such as measuring fast-
ing glucose, fasting insulin, and the Homeostatic Model Assess-
ment for Insulin Resistance (HOMA-IR) [31, 34, 41], insulin
tolerance test (ITT) [42], oral glucose tolerance test [30, 43],
and the gold standard glucose clamp test [29, 44]. Apart from
the glucose clamp test, most of these tests are not accurate in
assessing the change in insulin sensitivity, and the studies that
used the glucose clamp test had a small sample size and a lot
of variability among participants in terms of diabetic status,
and degree of obesity. The challenge behind using accurate
tests such as the hyper insulinemic glucose clamp and the
intravenous glucose tolerance test is the fact that they are very
demanding [45].

Across three MAs and one SR examining the effect of
SSFR on insulin sensitivity, most of the evidence suggests a
possible improvement in obesity-associated insulin resistance,
however, there was a lack of clarity regarding the extent of the
effect and clinical significance. This was because there were
major problems in the design and analysis of the MAs and
therefore results couldn’t be thus interpreted. In terms of the
SRs, there was no clarity on the extent of the changes across the
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context of SSFR, it is unclear to what extent the redistributed
fat contributes to the ectopic fat accumulation in tissues,
such as intramuscular, intrahepatic, and myocardial fat and
if it has a protective or detrimental effect. Furthermore, it
is unclear if and how or which specific factors drive the fat
redistribution to ectopic regions in preference to the rest of the
body spatiotemporally. Identifying such factors can be helpful
surrogate biomarkers for predicting potential risk factors in
epidemiological studies. However, it should be noted that
rodent models of fat biology do not adequately represent what
happens in humans, and higher mammals such as baboons
may be a better model that closely resembles human adipocyte
function [87].

Thus far, results from studies designed to identify the
factors that address the regulation of energetics and body
fat redistribution/ regeneration post-SSFR in rats, mice, or
hamsters have limited contribution in closing the knowledge
gap because of insufficient mechanistic data, inadequate sample
size, or lack of proper statistical tests reported [88]. Therefore,
future studies in appropriate animal models or human clinical
trials should account for the biological consequences of ectopic
fat redistribution following weight gain post-SSFR. However,
there is a need to ascertain the beneficial or detrimental nature
of fat redistribution at specific anatomical sites, in relation to
its quantity, rate, and time of accumulation following weight
gain post-SSFR.

Conclusion
We conclude that there is a gap in terms of the probability of
weight gain or accumulation of fat post-SSFR, but there is data
that in the short term there might be a metabolic benefit of
excess ASF removal. Longer-term data are needed to determine
if this benefit is sustained in the longer term. Patients going
for SSFR represent a unique population with a sudden removal
of their ASF. However, the metabolic changes after these pro-
cedures are still unclear, and existing studies suggest a trend
toward benefit rather than harm. There is thus no immedi-
ate harm from these procedures but there is a need for prop-
erly designed dose-response MAs as well as well-conducted
prospective clinical studies to unravel these putative changes.
In turn, this will help us not only to confirm the safety of these
procedures but also to define if these procedures can be used
for metabolic benefit and to broaden our knowledge about the
mechanisms underpinning excess ASF and associated metabolic
consequences.
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Table 5. Description of the potential anti-in!ammatory adipokines

Hormone Source Observed changes in obesity Main function

1 Adiponectin [100] Adipose tissue and skeletal
muscles.

Lower levels in diabetic patients. Anti-obesity, anti-atherogenic,
anti-in!ammatory, and anti-diabetic
e"ects.

2 Omentin-1 [101] Visceral adipose tissue. Lower levels in obese and diabetic
patients

Anti-in!ammatory, anti-obesity,
anti-diabetic properties, and insulin
sensitizing e"ect.

3 Secreted frizzled related
protein 5 (SSFRP5) [102, 103]

Adipose tissue. Lower levels in obese and diabetic
patients.

Anti-in!ammatory and insulin
sensitizing e"ect.

4 Cardiotrophin-1 (CT-1) [103] Adipose tissue, liver, kidney,
muscle, heart, and lung, brain
and testis.

Controversi al results regarding
the changes in serum levels of
obese patients.

One of the IL-6 cytokine family, play a
role in glucose and lipid metabolism,
has an insulin sensitizing potential
e"ect.

IL-6: Interleukin 6.

hold. It remains to be determined if this molecule does indeed
exist and what it could be.

Interleukin-6 (IL-6), ASF and in!ammation
IL-6 is a 212-residue protein cytokine encoded by the
IL-6 gene [70]. Since its identification in 1986 by molec-
ular cloning of B-cell stimulatory factor-2 [71], IL-6 has
been recognized as a cytokine with various biological activ-
ities implicated with a detrimental role in a wide range of
inflammation-associated disease states, including susceptibil-
ity to diabetes mellitus [72]. IL-6 is synthesized by various cell
types of which white adipocytes are responsible for one-third
of basal serum levels in humans [73].

The IL-6 level is probably the single most important factor
associated with the hepatic acute-phase response and this is
a response to tissue damage or infection that initiates host
defense mechanisms and whose goal is to eliminate the threat
and facilitate tissue repair [74]. Obesity however is associated
with chronic low-grade inflammation possibly from hypoxia
in adipocytes, resulting in the release of IL-6 and activation
of other factors that positively feedback and amplify IL-6
release [75]. This leads to the metabolic syndrome and similar
to leptin, in vitro studies have shown that ASF produces more
IL-6 than VSF [76] making the link between ASF and metabolic
syndrome stronger than that for VSF [77].

Leptin, IL6 and the SSFR- bariatric surgery interaction
It is important to note that some SSFR patients tend to have
had bariatric surgery, which is associated with enhanced post-
prandial gut hormone release, particularly GLP-1, a hormone
interlinked with factors released from adipose tissue, e.g.,
leptin and IL-6 highlighted above. However, what remains
unclear is whether or to what extent this crosstalk gets per-
turbed in patients undergoing SSFR and/or bariatric surgery.
Furthermore, what are the long-term metabolic sequelae? Thus,
a robust examination of the changes of IL-6 after the sudden
removal of fat surgically by body contouring procedures might
widen our understanding of the mechanisms behind these
metabolic changes.

Other considerations and future tasks
Apart from the potentially favorable effects of SSFR on
metabolism and adipokines discussed above, many studies
also support the effectiveness of bariatric surgery for treating
obesity and weight-related disease [21, 78]. However, the
question about the combined impacts of these surgical inter-
ventions has been relatively under-studied, and the results
remain inconclusive. Future studies that can link the metabolic
improvement after bariatric surgery and bariatric medications
such as Semaglutide to the preferential loss of AVF or ASF
will be of great benefit. Additionally, a dose response MAs is
needed to examine the time trend of the metabolic changes after
SSFR, which can answer important questions regarding the
durability and extent of changes induced by these procedures
over time.

When a negative energy balance is induced by interventions
such as SSFR, resulting in a moderate initial reduction of 5%
to 10% from baseline body weight, the physiological adapta-
tions certainly favor weight regain; thus, most people recover
weight post-SSFR or at the end of lifestyle interventions. With
the common SSFR procedures, this loss is of abdominal fat that
constitutes <15% of total adipose tissue [79], with the main
component of the latter being ASF.

Given that fat distribution is one parameter that modifies
the impact of obesity on health, knowledge about whether fat
tissue removed through SSFR is replaced by new fat tissue and
if this occurs in the same or at different anatomical sites is
important since the latter may have worse effects. Previous
studies reported that the fat could return to sites other than
that from which fat has been removed, such as the breast, hip,
and thigh regions [80, 81], but this is not always the case [82].
There is also the possibility that new fat may accumulate
at sites where fat does not commonly accumulate (ectopic
fat) and such ectopic adipose tissues may deposit in several
organs/tissues (intramuscular/cardiac/hepatic) in the body
with adverse consequences [83, 84]. However, recent studies
of the heart [85, 86] have suggested that ectopic fat is protective
against the risk of developing cardiovascular complications by
increasing glycolysis, as a physiological healing response. In the
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Table 4. Description of the potential in!ammatory adpokines

Hormone Source Observed changes in obesity Main function

1 Leptin [89] Mainly from adipocytes. It is a well-known marker of
obesity.

It is a satiety hormone that regulates body
weight by suppressing the feeling of
hunger, inhibit fat storage, and promote
fatty acid oxidization. It also promotes
in!ammation.

2 Resistin [90] Adipocytes, monocytes, and
macrophages.

Increased in obesity, insulin
resistance, and diabetic
patients.

It is a pro-in!amm atory adipokine. It is
thought to play a role in insulin resistance.

3 Fatty acid binding protein-4
(FABP-4) [91]

Adipocytes and macrophages. Increased in obesity, insulin
resistance, and diabetic
patients.

Play a role insulin resistance and
in!ammation.

4 Retinol binding protein
(RBP-4) [92]

Adipocytes (especially visceral fat),
macrophages, and liver.

Increased in obesity, insulin
resistance, and diabetic
patients. Associated with
hypertension, and
dyslipidemia.

Act as a transporter for retinol and play a
role in insulin resistance development.

5 Acylation stimulating protein
(ASP) [93]

Adipocyte Increased in obesity and
dyslipidemia patients.

Autocrine function that leads to increasing
triglyceride synthesis.

6 Lipocalin-2 (LCN2) [94] Adipose tissue, liver, kidney, lung,
macrophages, and neutrophils.

Increased in obesity
(especially in severely obese
females).

Play a role in in!ammation and insulin
resistance.

7 Chemerin [95] Adipose tissue, liver, as well as innate
immune cells.

Elevated with obesity and
diabetic patients.

Play a role in insulin resistance, adipocyte
metabolism, and diabetic induced
cardiovascular disease.

8 Visfatin [96] Adipose tissue and neutrophils. Increased in obesity, and
diabetic patients.

Act as a proin!ammatory mediator.

9 Vaspin [97] Adipose tissue, liver, pancreas,
stomach, muscles and skin.

Increased in obesity, insulin
resistance and diabetic
patients.

Act as a member of the serine protease
inhibitor family

10 Apelin [98] Adipose tissue, hypothalamus, heart,
and skeletal muscles.

Increased in obesity, insulin
resistance and diabetic
patients.

Play a role in regulating glucose
metabolism, by inducing glucose uptake.

11 Gremlin-1 [99] Preadipocytes. Increased in obesity. Act as an inhibitor of bone morphogenetic
protein (BMP), which is one of the
transforming growth factor-beta family.

from the gastric epithelium and other tissues [63]. Since
its identification in 1994 by positional cloning [64], leptin
has gained much recognition as a crucial peripheral and
central signaling molecule associated with energy balance.
This, in turn, has contributed to changing the perception
of the adipose tissue from being a form of passive energy
depot (primarily in the form of energy-rich triglycerides (9
kilocalories per gram) to that of an active endocrine organ
that actively modulates food intake and systemic energy
metabolism.

Leptin levels are positively associated with BMI, HOMA-
IR, and serum triglycerides and negatively with serum HDL
in mostly normal weight health individuals suggesting that
leptin increases with BMI as well as in those with insulin
resistance [65]. The latter study suggests that leptin was
coming mainly from ASF given correlation with hip and waist
circumference but not with waist–hip ratio [65]. Under normal
physiological conditions, bloodstream levels of leptin are

proportional to fat mass for a given individual [66] suggesting
that the increase in leptin is driven by fat mass and that both
leptin and insulin resistance are consequences of an increase in
fat mass. Nevertheless, basal plasma leptin concentrations are
significantly lower in insulin-sensitive than in insulin-resistant
men (1.90 ± 0.4 vs. 4.35 ± 1.21 ng/ml, P < 0.05) of identical
body fat composition [67] suggesting either that excess leptin
may also lead to increases in insulin resistance independent of
adiposity or that leptin production increases in insulin resistant
men in response to unknown feedback mechanisms in an effort
to ameliorate the insulin resistance. The latter seems more
plausible given that a direct action of leptin on its hypotha-
lamic neuronal target is required to maintain normal glucose
homeostasis data and insulin sensitivity [68, 69] and therefore
the rising leptin level and insulin resistance in obesity lends
plausibility to the conclusion that another fat derived molecule
required for the leptin effect on glucose homeostasis may be
downregulated in obesity for this paradoxical observation to
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studies since there was a focus on statistical significance only.
In summary, syntheses were inconsistent, there was a trend
toward improvement in insulin sensitivity, and the clinical
extent or duration of any improvement remains unclear. The
impact of SSFR on insulin resistance thus remains unknown
given the data reported in (Table 1) and we recommend that a
dose response MA be conducted to answer this question.

Impact of SSFR on in!ammation
Obesity is associated with chronic low-grade inflammation.
This is a result of the increased influx of immune cells to the
fat tissue, as well as the increased secretion of inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a) [2].
Adipocytes have an equal proinflammatory effect on the
macrophages [46]. This inflammatory status is thought to
be the mechanism behind most of obesity-linked metabolic
disorders [2].

One SR and one MA examined the effect of SSFR on multiple
inflammatory markers such as TNF-a, C-reactive protein (CRP),
and IL-6, and the findings are detailed in Table 2. In summary,
the syntheses combined heterogeneous studies with different
follow-up times. Conclusions varied between no change after
SSFR or lower levels of IL-6 and TNF-a after surgery. How-
ever, the extent and time-trend were not reported, thus a dose
response MA remains a needed future task.

Impact of SSFR on adipokine levels
Changes in the adipokines have been examined by only one
SR and one MA, and both reported a reduction of leptin levels
after SSFR. However, there was heterogeneity in the reported
changes in other adipokines, such as adiponectin and resistin
(Table 3).

Summary of "ndings
This umbrella review summarizes four attempts at evidence
synthesis on the metabolic changes after surgical fat removal,
with a total of 29 unique studies included and 759 total partici-
pants. There was a possible improvement in obesity-associated
insulin resistance, however, there was a lack of clarity regard-
ing the extent of the effect and clinical significance. Never-
theless, it seems likely that ASF removal is associated with
improved insulin sensitivity. In terms of inflammation, one
of the two syntheses reported that ASF removal results in a
lower degree of IL-6 and TNF-a, and thus potentially a more
favorable metabolic risk profile. These syntheses also reported
a reduction of leptin levels after ASF removal through surgery.
There was heterogeneity in the reported changes in other
adipokines, such as adiponectin and resistin. Clearly, the data
from the previous studies are not conclusive, nevertheless,
it seems likely that SSFR is associated with improved insulin
sensitivity and lower levels of inflammatory cytokines.

Implications for future research
The role of ASF vs AVF in human metabolism
The central obesity in the abdominal area represents one of
the essential components of metabolic syndrome, along with
insulin resistance, elevated serum triglyceride, blood pressure,

and low high-density lipoproteins, and it is distributed between
the ASF and AVF compartments [11] Although some studies
have linked the metabolic risk of obesity mainly to the AVF
tissue [16, 47], others have proposed that both AVF and ASF
play a role in metabolic risk [10]. Generally, subcutaneous fat
mass is more than twice the visceral fat mass, especially among
females [48]. As a result, 85% of bloodstream free fatty acids
are coming from the subcutaneous fat stores, which is a major
contributor to systemic insulin resistance by inhibiting glucose
uptake by skeletal muscles [49]. There is evidence from some
studies among healthy men [50] and those with T2DM [51] that
ASF may be more strongly correlated with insulin resistance
than AVF. There has also been a report from a study of a healthy
cohort of mixed genders that ASF correlates with insulin resis-
tance independently of AVF, but not the other way around [52].
To sum this up, there is some evidence from the umbrella review
as well as other studies suggesting that ASF may make an impor-
tant contribution to obesity-related metabolic change, and this
thus can be a mechanism through which SSFR can create a more
favorable metabolic profile.

When studies have looked directly at the added impact of
AVF on metabolism, by examining the effect of adding omentec-
tomy to bariatric procedures, results were inconsistent. Some
studies reported that it could result in better glucose home-
ostasis and lower inflammatory markers [53, 54]. Conversely,
others reported a lack of clinical improvement in the metabolic
profile [55–57]. Many open questions remain therefore about
the role of AVF vs ASF and part of the problem lies in their
study design, for example, the lack of clarity regarding patient
selection, determining the type of surgery, the parameters that
needed to be measured, and accounting for patient factors [58].
In addition, there were also technical limitations of older stud-
ies regarding advanced imaging technologies to measure vis-
ceral adipose tissue accurately. At a more fundamental level,
improved knowledge of all aspects of adipose biology, including
adipose tissue cellular heterogeneity [59, 60] as well as diver-
gent responses to metabolic and endocrine stimuli that will be
required to make significant advances and resolve the problem
highlighted above [61]. In addition, a recent genome-wide asso-
ciation study also shows the contribution of genetics to visceral
adiposity and its relation to ethnicities and gender in the con-
text of metabolic disease. In particular, the study suggests that
increased AVF is more harmful compared with ASF, but it is not
clear why this should be the case [62].

Adipokines
To determine why SSFR impacts adipokines levels, one needs
to understand the roles of adipocyte-derived factors, as well as
their effects on intermediary metabolism. Adipocyte-derived
factors need to be understood in terms of source, relation
to obesity, and main function. Tables 4 and 5 summarize the
inflammatory and anti-inflammatory adipokines, the most
well-known candidates are leptin and IL-6.

Leptin, ASF and insulin sensitivity
Leptin is a 167-residue peptide hormone encoded by the Ob
gene, and it is secreted mainly by the adipocytes but also
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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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Introduction 
Obesity is a global health crisis and, after smoking, the 
leading cause of avoidable death in the developed world. 
Comorbidities include diabetes mellitus, hypertension, ob- 
structive sleep apnea, ischemic heart disease, cancer, os- 
teoarthritis, and depression. 1 Lifestyle changes are largely 
ineffective in the long term, and there are no efficacious 
pharmacological interventions. Bariatric surgery aims to in- 
duce weight loss by altering intestinal absorption and/or 
inducing changes in perceived satiety. Categories include 
gastric bypass, gastric banding, and pancreatico-biliary di- 
version. The efficacy of bariatric surgery in the management 
of morbid obesity is well established. 2 

While bariatric surgery addresses the physiological root 
causes of obesity, surgical fat removal (SFR) tackles the 

physical manifestations. 3 Options for SFR include en-bloc 
excision of skin and fat to the level of the muscle fascia, 
known as body contouring surgery (e.g., abdominoplasty, 
belt lipectomy, brachioplasty, thigh lift, and breast reduc- 
tion) and the percutaneous avulsion and aspiration of fat 
(e.g., liposuction). 4 Bariatric surgery-induced weight loss 
results in the depletion of fat stores from both subcutaneous 
deposits and the viscera (accounting for approximately 20% 
of fat stores), 5 while SFR selectively depletes the subcuta- 
neous stores. 

Fat is an endocrine organ. 6 The long-term metabolic im- 
pact of fat loss by bariatric surgery is well documented. 2 , 7 
Attempts have been made to evaluate the comparable 
metabolic impact of selective loss of subcutaneous fat, 8–12 
but uncertainties persist owing to the heterogeneity of vari- 
ables and study parameters. It is important to seek clarity 
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here, for, while the metabolic benefits of bariatric surgery 
are well established, SFR continues to be considered cos- 
metic in nature and subject to health-care rationing. This 
article describes a systematic review and dose–response 
meta-analysis (DRMA) of observational studies pertaining to 
the metabolic impact of body contouring surgery with a view 
to establishing how these procedures impact patient physi- 
ology over time. 
Methods 
Search strategy 
A search string was initially designed in PubMed, then trans- 
lated and run in Embase and Scopus using the Polyglot 
Search Translator. 13 The search string was designed by an 
experienced information specialist and was run across all 
databases on 8 November 2021. The search string was com- 
prised of both medical subject heading terms and free-text 
terms. Additionally, the online trials register ClinicalTri- 
als.gov and the national research register were scrutinized 
for completed, discontinued, and ongoing trials relating to 
body contouring surgery and physiological and/or metabolic 
parameters. The search strategy was performed in accor- 
dance with the Cochrane Highly Sensitive Search Strategy 
guideline in the Cochrane Handbook for Systematic Reviews 
of Interventions . 14 The review is reported in line with the 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA). Full search strings for all databases and 
PRISMA checklist are available in Supplementary Figures 1 
and 2. 
Inclusion criteria 
Papers were included if they provided quantitative data per- 
mitting analyses of the effect of SFR (abdominoplasty or 
suction lipectomy) on physiology and/or metabolism. Only 
human studies were considered. No date, language, or pub- 
lication limits were applied to the search. 
Exclusion criteria 
Nonhuman (in vivo) studies were excluded from considera- 
tion as were studies that used non-SFR procedures. 
Quality assessment 
The quality assessment of the eligibly included articles was 
independently done by two reviewers using the Method- 
ologicAl STandard for Epidemiological Research (MASTER) 
scale. 15 This scale evaluates each included study against 
36 safeguards across seven domains that, if present, may 
mitigate systematic error in the trial. Then, a quality rank 
for each assessed article was computed and reported qual- 
itatively. The MASTER scale provided a unified framework 
for the assessment of the methodological quality of quasi- 
experimental and randomized controlled trials included in 
this synthesis. 

Outcome measures 
The outcome measures sought encompassed six domains. 
These included anthropometrics/body composition, serum 
adipokines, inflammatory cytokines, glucose homeostasis, 
lipid profile, and blood pressure. Data units were unified to 
the Systeme International d’Unites (SI) units. Specifically, 
the quantitative data extracted (before and after SFR) in- 
cluded 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 

than 5 studies were excluded, such as waist–hip ratio, body 
fat percentage, free FM, bone mineral content, IL-10, 2- 
hour postprandial glucose, very low-density lipoprotein- 
cholesterol, whole-body glucose disposal, glucose oxidative 
metabolism, nonoxidative glucose metabolism, lipid oxida- 
tive metabolism, and glycerol. 
Data extraction 
Data were retrieved from all full-text articles by two au- 
thors. Where necessary, clarification was sought with the 
senior author (SD). 
Statistical methods 
To establish an “average” dose–response relationship be- 
tween the outcome parameters (metabolic changes) and 
time based on the data of all available studies, the robust- 
error meta-regression (REMR) model was employed in this 
study. 16 This is a one-stage approach that treats each study 
as a cluster and uses robust error variance to address the po- 
tential correlations among the within-study effects as these 
effects share the same reference within the study. A nonlin- 
ear curve was fitted using restricted cubic splines with three 
knots. The Wald test was used to test potential nonlinearity 
by assuming the coefficient of the nonlinear terms was zero. 
All analyses were performed using the remr module in Stata 
version 15, College Station, TX, USA. 
Results 
The literature review yielded a total of 444 studies. Dupli- 
cate studies were excluded, leaving 258 studies, of which 
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Figure 1 PRISMA flow diagram for selection of studies. 
236 were excluded by abstract review. Eventually 22 stud- 
ies with a total of 493 participants were selected as relevant 
to this synthesis. 17–38 The conduct of the literature review is 
summarized in Figure 1 . 

Characteristics of included studies 
Characteristics of the selected studies are summarized in 
Table 1 and include study identifier, country, design, num- 
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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. 
ber of participants (sample size), population demographics, 
preoperative (baseline) BMI, type of SFR (abdominoplasty 
versus liposuction), follow-up time points after surgery (in 
days), and FM (in kg) removed in abdominoplasty or lipo- 
aspirate (in liters) (which consists of infiltrated solution plus 
removed FM) in liposuction procedures. 
Metabolic changes after SFR 
Anthropometrics/body composition 
BMI (kg/m 2 ), FM (kg), WC (cm), and LBM (kg) were mea- 
sured. There was significant heterogeneity in BMI and FM 
changes across studies; however, the DRMA suggested that 
postsurgical weight reduction was maximal at fifty days 
(2 BMI units and 3 kg of FM, respectively), after which 
there was a return toward the average presurgical weight 
( Figure 2 ). Because of the paucity of studies, confidence 
intervals were wide and the trend could not be confirmed 
more precisely as this was driven by the bigger studies. Nev- 
ertheless, the effect of SFR on BMI and related parameters 
persisted for at least 50 days. The WC showed a clear re- 
duction of around 5 cm after surgery, which was maintained 
till the end of follow-up. LBM showed no significant change 
after SFR. 
Serum adipokines 
Serum leptin ( µg/L), adiponectin ( µg/ml), and resistin 
( µg/L) were measured before and after SFR. Leptin exhib- 
ited a significant postoperative reduction that peaked at 

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. 
postoperative day 50 (average of 15 µg/L) and returned to 
preoperative levels by day 180 ( Figure 3 ). The DRMA yielded 
no significant differences in serum adiponectin and resistin 
over time. 
Markers of glucose homeostasis 
FBG (mmol/L), fasting insulin (pmol/L), and HOMA-IR lev- 
els 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. 
insulin resistance reduction was a lasting feature of SFR for 
the duration of the study. Peak reductions were 17 pmol/L 
and 1 point for fasting insulin and HOMA-IR, respectively. 
There was no change seen with FBG ( Figure 4 ). 
Inflammatory markers 
TNF- α (pg/ml), IL-6 (pg/ml), and CRP (mg/L) were mea- 
sured. While there was substantial heterogeneity across 
studies, the DRMA suggested that postsurgical reduction in 
serum TNF- α peaked at day 50 (0.75 pg/ml) and thereafter 
exhibited a return to presurgical levels ( Figure 5 ). No signif- 
icant differences were observed in serum levels of IL-6 or 
CRP over the course of the study. 
Lipid profile 
LDL cholesterol (mmol/L), HDL cholesterol (mmol/L), serum 
fasting TGs (mmol/L), TC (mmol/L), and FFA (g/L) were 
measured. Serum HDL increased post-surgically, peaking at 
day 50. However, by day 100, expression had returned to 
the baseline and thereafter continued to fall to the end of 
the study period at day 180. TC reduced by 0.25 mmol/L 
post-surgically to day 50; however, the trend thereafter is 

obscured by wide confidence intervals owing to the paucity 
of data ( Figure 6 ). No significant differences were observed 
in serum levels of TG, LDL, and FFA. 
Blood pressure 
Following SFR, there was a mean reduction in both SBP and 
DBP of 3.5 mmHg by day 50, which thereafter exhibited a 
return to presurgical levels at day 180 ( Figure 7 ). 
Quality assessment of included studies 
Most of the studies were ranked in the 4th quartile of the 
count of safeguards. Moreover, the most deficient standards 
across articles were equal ascertainment and equal progno- 
sis. In contrast, equal implementation, equal recruitment, 
equal retention, sufficient analysis, and temporal prece- 
dence were found to be the least deficient standards. See 
Supplementary Figure 3. 
Discussion 
We examined the influence of SFR on body anthropo- 
metrics/body composition measurements, serum adipokines 
and inflammatory cytokines, glucose homeostasis, lipid pro- 
file, and blood pressure by means of a systematic review 
of clinical data and subjected these data to DRMA. We ob- 
served that SFR resulted in a significant and lasting improve- 
ment in insulin resistance as evidenced by serum fasting 
insulin and HOMA-IR index and transient improvements in 
BMI, FM, SBP, and DBP and in serum leptin, TNF- α, HDL, and 
TC concentrations. There were no observable improvements 
in LBM, serum adiponectin, resistin, IL-6, CRP, LDL, FFA, or 
FBG. 

Weight loss after SFR peaked at day 50 post-surgery, 
but thereafter weight gain was observed with BMI and FM, 
returning to near-preoperative levels after a period of 6 
months. This might be because of the loss of the negative 
energy balance after surgery, or increased energy intake, 
particularly if it was not accompanied by physical exercise 
after SFR. 9 , 12 Another possibility is that this return toward 
baseline 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. 
fat cells hypertrophy. 39–41 This has also been noted in sim- 
ilar animal studies, where surgical fat reduction was fol- 
lowed after weeks to months by a compensatory increase 
in the FM elsewhere. 42 , 43 Using dual-energy x-ray absorp- 
tiometry scans and magnetic resonance imaging, a clinical 
trial observed compensatory abdominal FM deposition in a 
12-month period after thigh liposuction. 44 Other retrospec- 
tive human studies reported an increase in breast size after 
abdomen and thigh liposuction surgeries, which was postu- 
lated to be due to an altered ratio of androgen-to-estrogen 
levels, 39–41 but this may not be the only explanation. 

Leptin was the only hormone derived from adipose tissue 
that exhibited an expression pattern altered by SFR. This 
was similar to the findings of a meta-analysis on the effect 
of large-volume liposuction on serum leptin and adiponectin 
levels. In this study, too, leptin, but not adiponectin, was re- 
duced after SFR. Because leptin is secreted mainly from fat 
cells and correlates with FM, 45 the transient fall in serum 
leptin levels is understood in the context of the postsurgical 
reduction in FM. More interestingly, we may speculate that 
the rebound rise in serum leptin to presurgical levels may 
involve hypersecretion and/or hypertrophy by the residual 
FM. 39–41 The physiological adaptation underpinning this phe- 
nomenon remains obscure, but the fact that the postsurgical 

BMI mirrors the postsurgical temporal expression profile of 
leptin (which governs satiety) suggests a homeostatic mech- 
anism. 

There is no clear relationship in the literature between 
SFR and variations in the expression profiles of the inflam- 
matory cytokines TNF- α and IL-6. 9 , 11 , 46 That said, the tran- 
sient reduction in serum TNF- α identified in this study has 
been observed before. 46 Compared with leptin, the synthe- 
sis of TNF- α occurs mainly in the monocyte lineage. 47 The 
accumulation of resident macrophages in the adipose tis- 
sue correlates with the degree of obesity. 48 , 49 Animal mod- 
els suggest that in morbid obesity, macrophages (respon- 
sible for most of the overall secretion of TNF- α) may ac- 
count for up to 40% of the cellular mass of adipose tis- 
sue. 50 Our analysis suggests that SFR-mediated removal 
of the resident macrophages in the adipose tissue results 
in the initial reduction in TNF- α levels. The underlying 
mechanisms for the recovery in TNF- α level after the first 
two months of the SFR remain unclear. However, toll-like 
receptors-induced synthesis of TNF- α from existing resi- 
dent macrophages and/or through recruitment of circulat- 
ing myeloid-derived blood monocytes that give rise to adi- 
pose tissue-resident macrophages are potential pathways 
for TNF- α recovery. 
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Accumulation of adipose tissue-resident macrophages is 

facilitated by IL-6 secreted from adipocyte, and obesity is 
associated with elevated circulating IL-6 levels. 51 , 52 During 
the inflammatory phase, macrophages promote the return 
to homeostasis by removing apoptotic cells and cell debris 
and contributing to damage repair. 53 Circulating IL-6 plays 
an important role in mediating inflammation and is a central 
stimulus for the acute-phase inflammation response. 54 Our 
analysis found no significant changes in serum IL-6 and CRP 
(a known marker for acute inflammation), suggesting the 
absence of systemic inflammatory response after SFR. IL-6 
stimulates CRP synthesis in the liver, 55 and, thus, the stable 
serum CRP level after SFR is consistent with a stable IL-6 
level for the same period. Our analysis could not exclude the 
possibility of an increase in IL-6 levels at the surgery site. 

Several syntheses have examined the changes in insulin 
sensitivity after SFR, and a trend toward improvement in 
insulin sensitivity has been described without elucidation of 
the magnitude of effect or clinical significance thereof. 8–11 
Moreover, results were inconsistent because of the hetero- 
geneity in the design and analysis of studies. The present 
synthesis demonstrates a gradual and steady decrease in 
the fasting insulin, which reaches an average decline of 
17 pmol/L by 6 months. The HOMA-IR showed a similar trend 
with a 1-unit reduction by 6 months. There have so far been 
reports of more accurate measurements for insulin sensitiv- 
ity, such as the oral glucose tolerance test. 56 Interestingly, 
the return of BMI toward baseline after 50 days, as shown 
above, was not coupled with a similar return in insulin sensi- 
tivity toward baseline values. This finding may reflect extra- 
abdominal postsurgical fat deposition, which might be less 
harmful. 57 

There is a strong positive relationship between body mass 
and blood pressure. A reduction in body mass of between 5 
and 10% can reduce blood pressure in both hypertensive and 
normotensive cohorts. 58 Indeed, a reduction of 1 kg of body 
mass in obese patients results in a sustained decrease of 
1.2 mmHg and 1 mmHg in SBP and DBP, respectively. 59 Addi- 
tionally, chronic hyperleptinemia as seen among the obese 
population is also correlated with blood pressure. 60 Loss-of- 
function mutations in leptin and leptin receptors are asso- 
ciated with decreased blood pressure despite severe obe- 
sity. 61 The effect of leptin is mediated by the neurons in 
the dorsomedial hypothalamus. Inhibiting leptin receptor- 
expressing neuronal activity in the hypothalamus leads to 
a rapid decrease in blood pressure in obese mice, indepen- 
dent of changes in body mass. 61 In this study, the correlation 
between postsurgical blood pressure and serum leptin may 
be understood in these terms. 

Subcutaneous FM plays a causative role in obesity-linked 
dyslipidemia. 62 Thus, SFR may have a positive effect on lipid 
profile, 38 particularly in the absence of morbid obesity. 63 
However, the present study failed to demonstrate a clini- 
cally significant clear correlation between SFR and postsur- 
gical lipid profile. 

Several small and heterogeneous studies have measured 
changes in body composition, adipokines, and inflammatory 
marker, 17–38 and have been followed by systematic reviews 
and meta-analyses in an attempt to examine the effect of 
SFR on body metabolism. Only one synthesis looked at these 
changes in terms of time since surgery, 12 but even then, 
the latter study only reported the differences in physical 

biometrics such as body weight and FM. The remaining syn- 
theses combined several heterogeneous studies with differ- 
ent follow-up durations, 8–11 resulting in contradicting and 
unclear conclusions regarding the metabolic benefit or harm 
of SFR. The ideal approach to the synthesis of the existing 
body of evidence required a DRMA because this is the only 
way to reduce the existing clinical heterogeneity. 

A major limitation of this study is the small number of 
eligible studies, many of which had recruited a small num- 
ber of patients. Thus, when the margin for error was taken 
into consideration, few obvious trends emerged. While we 
considered the inclusion of different types of SFR to be a 
strength of our meta-analysis, it is possible that the tech- 
nical differences of each approach bequeathed unique and 
dissimilar physiological legacies on the patient that mani- 
fest as different changes in postsurgical metabolic param- 
eters. For example, abdominoplasty surgery for obesity or 
weight loss often includes, as an operative step, correction 
of divarication of the rectus muscles. This, in turn, results in 
an increase in the abdominal pressure, myocardial preload, 
and compresses visceral fat. 64 It is clear from the synthe- 
sis that metabolic changes after SFR need further study in 
a well-designed prospective design, and this in turn will 
help us not only to identify the changes and the safety of 
these procedures but also broaden our knowledge about the 
metabolic effects of obesity. 
Conclusion 
This study shows that body contouring surgery correlates 
with enhanced insulin sensitivity for at least 6 months af- 
ter surgery. Transient benefits were observed in BMI, blood 
pressure, serum leptin, and TNF- α. An evaluation of the 
metabolic benefits of body contouring surgery beyond 6 
months is hampered by lack of data. 
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Summary Background: Obesity-induced insulin resistance leads to the metabolic syndrome. 
Both bariatric surgery and surgical fat removal have been shown to improve metabolic health, 
but the metabolic benefits of nonsurgical fat removal remain uncertain. The aim of this paper 
is to establish whether nonsurgical fat removal exerts measurable, lasting metabolic benefits 
by way of changes to serum lipid profiles. 
Methods: PubMed, Cochrane CENTRAL, Embase, and clinical trials registers were searched us- 
ing the Polyglot Search Translator to find studies examining quantitative changes in metabolic 
markers after nonsurgical body contouring procedures. The MethodologicAl STandard for Epi- 
demiological Research (MASTER) scale was adopted for the quality assessment of the included 
studies. The robust-error meta-regression (REMR) model was employed. 
Results: Twenty-two studies and 676 participants were included. Peak body compositions mea- 
sures manifest as a reduction of 2 units in body mass index (BMI), 1 kg of body weight (BW), 
5 cm in waist circumference (WC) and 1.5 cm in abdominal fat thickness (FT), sustained up 
to 60 days postprocedure. Transient increases of 15 mg/dL in low-density lipoprotein (LDL), 
10 mg/dl in triglycerides (TG), and 15 mg/dl in total cholesterol (TC) were observed at 2 weeks 
postprocedure. 
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Conclusion: While nonsurgical fat removal exerts sustained effects on body anthropometrics, 
changes to serum lipid profiles were transient. There is no compelling evidence at present to 
support the conclusion that nonsurgical fat removal is metabolically beneficial. 
© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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Introduction 
Obesity is a global health crisis and one of the principle 
causes of avoidable death in the developed world. 1 Chronic 
nutritional over sufficiency leads to adipocyte stress, upreg- 
ulation of pro-inflammatory cytokines, recruitment of res- 
ident tissue macrophages, and, ultimately, local and sys- 
temic inflammatory dysregulation. 2 This pathophysiologic 
process exerts deleterious effects on insulin signal trans- 
duction 3 and is the crucial component of the metabolic syn- 
drome. 4 Complications of the metabolic syndrome include 
atherosclerosis, hypertension, ischemic heart disease, liver 
disease, cancer, and susceptibility to respiratory infections, 
all of which have a basis in a common pathway of immune 
dysregulation. 5 There is some evidence to suggest that vis- 
ceral fat is a key source of the cytokines (adipokines) that, 
collectively, induce insulin resistance. 6 

Reducing fat deposits through diet and exercise or by 
way of bariatric/metabolic surgery has observable, long- 
term immunologic and metabolic benefits. 7 More recently, 
it has been established that benefical effects can also be 
observed following surgical removal of subcutaneous fat by 
way of percutaneous avulsion and aspiration (liposuction) 
or by body contouring surgery such as abdominoplasty, belt 
lipectomy, brachioplasty, and bilateral breast reduction. 8 , 9 
While these observations have not provided evidence of a 
magnitude or longevity of effect comparable with bariatric 

surgery, they have helped dispel the myth that body con- 
touring surgery is merely an esthetic endeavor. 

Nonsurgical fat removal is one of the fastest areas of 
growth and innovation within the aesthetics industry. Op- 
tions include cryolipolysis, laser lipolysis, radiofrequency 
ablation, and high intensity focused thermal ultrasound 
(HIFU). While the mechanism of action of each method dif- 
fers, the result is the focused elimination of subcutaneous 
fat in a noninvasive manner. The question of whether non- 
surgical fat removal (NSFR) exerts measurable, beneficial 
metabolic benefits remains unclear. To answer this ques- 
tion, the current paper describes a systematic review and 
dose-response meta-analysis (DRMA) of observational stud- 
ies pertaining to the metabolic impact of NSFR. 
Methods 
Search strategy 
A search string was designed using relevant MeSH terms in 
PubMed, Cochrane CENTRAL, Embase databases, and online 
clinical trials registers using the Polyglot Search Transla- 
tor. 10 The search strategy and used strings were designed 
and conducted by the first author (SB) and an experienced 
information specialist (JC) and were run across all databases 
on the 10th of March 2022. The search string included both 
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medical subject heading (MeSH) terms and free-text terms. 
The online trial registers were searched at ClinicalTrials.gov 
and the national research registers were examined as well 
for relevant trials relating to nonsurgical body contouring 
procedures targeting the abdominal area and body compo- 
sitions, and physiological and/or metabolic changes. 

The Cochrane Highly Sensitive Search Strategy guideline 
in the Cochrane Handbook for Systematic Reviews of In- 
terventions was adopted during the search process. 11 The 
results were reported in line with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA). 
Full search strings for all databases and the PRISMA check- 
list are available in Supplementary Figures 1 and 2 . 
Inclusion criteria 
Papers and trials were included if they provided quantita- 
tive data permitting analyses of the effect of nonsurgical 
body contouring procedures (Ultrasound, cryolipolysis, ra- 
diofrequency, and high intensity electromagnetic) on body 
compositions, physiology, and/or metabolism. Only human 
studies that target the abdominal areas were considered. 
No search restrictions for a date, language, or publication 
were applied. 
Exclusion criteria 
Nonhuman ( in vivo ) studies were excluded from consider- 
ation as were studies that targeted other anatomical areas 
(e.g., thighs and arms) and studies on surgical body contour- 
ing procedures (e.g., abdominoplasty). 
Quality assessment 
The quality assessment of the eligibly included articles was 
independently done by two reviewers (SB and NJ) utilizing 
the MethodologicAl STandard for Epidemiological Research 
(MASTER) scale. 12 This scale evaluates each included study 
against 36 safeguards across seven domains that, if present, 
may mitigate systematic error in the trial. The MASTER scale 
delivered a robust framework for assessing the methodolog- 
ical quality of the included quasi-experimental and random- 
ized controlled trials in this paper. 
Outcome measures 
The outcome measures sought include two domains. These 
included body compositions/ anthropometrics and lipid pro- 
files. Data units were unified to the Systeme International 
d’Unites (SI) units. The extracted quantitative data (before 
and after nonsurgical body contouring procedures) included 
the following markers: 
1. Body compositions/ anthropometric: BMI, BW, WC, and 

abdominal FT. 
2. Lipid profile: LDL, high-density lipoprotein (HDL), TG, 

and TC. 

Other body measurements and physiological/metabolic 
variables that were reported in less than 5 studies were ex- 
cluded such as other anthropometrics measurements (e.g., 
hip circumference), fasting glucose, fasting insulin, Homeo- 
static Model Assessment for Insulin Resistance (HOMA-IR), 
leptin, fatty acids, C-reactive protein, very-low density 
lipoprotein (VLDL), alanine aminotransferase (AST), and as- 
partate aminotransferase (ALT). 
Data extraction 
Studies screening and data collection were retrieved from 
all full-text articles by four authors (SB, SI, GA, and NJ). 
Where necessary, clarification was sought with the senior 
author (GG). 
Statistical methods 
An “average” dose-response relationship between the mea- 
sured outcome parameters (body compositions and lipid 
profile) and time elapsed after the body contouring proce- 
dure was established using the robust-error meta-regression 
(REMR) model. 13 Which represents a one-stage approach 
that treats each study as a cluster. The robust error vari- 
ance was used in order to address any possible correla- 
tions among the within-study effects because these effects 
share the same reference within the single study. A nonlin- 
ear curve was fitted using restricted cubic splines with three 
knots. The Wald test was used to test for potential nonlin- 
earity by assuming the coefficient of the nonlinear terms 
was zero. All analyses were performed using the remr mod- 
ule in Stata version 15, College Station, TX, USA. 
Results 
The conducted literature review resulted in a total of 818 
articles and 33 registered trials (a total of 851 studies). 
Duplicate studies (252 studies) were excluded leaving 599 
studies, of which 534 were excluded by title and abstract. 
The remaining 65 studies were examined by manuscript, and 
46 studies were excluded due to a lack of a clear state- 
ment of the metabolic changes magnitude and/or the pre- 
cise time of assessment after surgery. Eventually, 19 studies 
with a total of 601 participants were selected as relevant 
to this synthesis. 14–32 The conduct of the literature review is 
summarized by the PRISMA flowchart in Figure 1 . 
Characteristics of included studies 
Characteristics of the selected studies are summarized in 
Table 1 and include study identifier, country, design, num- 
ber of participants (sample size), population demograph- 
ics, preoperative (baseline) BMI, type of nonsurgical body 
contouring procedure (Ultrasound (HIFU), cryolipolysis, ra- 
diofrequency, and high intensity electromagnetic), outcome 
measures (BMI, BW, WC, FT, LDL, HDL, TG, and TC), and 
follow-up time points after surgery (in days). 
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Figure 1 PRISMA flow diagram for selection of studies. 
Metabolic changes after SFR 
Anthropometrics / body compositions 
Changes in (A) BMI, (B) BW, (C) WC, and (D) FT were mea- 
sured over time in days since the body contouring proce- 
dure. A clear drop of 2 units in the BMI, 1 kg in the BW, 5 cm 
in WC, and 1.5 cm in abdominal FT was noted up to 60 days 
after the procedure. FT continued to decrease up to 90 days 
after the procedure. A moderate heterogeneity in the last 
three outcome variables was noted across studies, and the 
confidence intervals were wide due to the paucity of studies 
and the effect of bigger studies. However, the meta-analysis 
showed that the effect of body contouring procedures on 
BMI and related parameters persisted for at least 60 days. 
FT showed a clear continuous reduction up to 90 days after 
the procedure, see Figure 2 : A-D. 
Lipid profile 
Changes in LDL, (B) HDL, (C) TG, and (D) TC were measured 
over time in days since the body contouring procedure. A 
serum increase of 15 mg/dL in LDL, 10 mg/dl in TG, and 

15 mg/dl in TC was noted up to two weeks after the proce- 
dure. No significant change was noted in serum HDL. Due to 
the paucity of studies, confidence intervals were wide, and 
the trend could not be confirmed more precisely as this was 
driven by the bigger studies, see Figure 3 : A-D . 
Quality assessment of included studies 
The majority of the included studies were ranked in the 4th 
quartile of the safeguards’ count. Additionally, the most de- 
ficient safeguard standards were equal ascertainment and 
equal prognosis. On the other hand, the remaining standard 
safeguards were found to be less deficient. See Supplemen- 
tary Figure 3 . 
Discussion 
We examined the influence of nonsurgical body contour- 
ing procedures on body anthropometrics/ body composi- 
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Figure 2 Change in ( A ) BMI, (B ) BW, ( C ) WC, and (D) FT over time since body contouring procedure. The “dose” is time in days 
after the procedure. The circles represent the weighted mean difference in each individual study at this time point with the marker 
size reflecting the weight of corresponding study. 
tion measurements and lipid profile using a systematic re- 
view of clinical data and subjected these data to a dose- 
response meta-analysis. Transient increases in serum LDLs, 
TG, and TC were observed up to two weeks following ex- 
posure to nonsurgical fat removal. In the longer term, no 
significant differences were observed. Anthropometric data 
confirmed a reduction in FT over the treated area, which 
persisted throughout the observation period (day 90). Taken 
as a whole, these data suggest that nonsurgical fat removal 
is efficacious, and that evidence of fat lysis may be inferred 
by transient rises in serum lipid profiles in the weeks follow- 
ing exposure to nonsurgical fat removal. However, no firm 
conclusions about the effect of nonsurgical fat removal on 
serum lipid profiles in the long term were permissible. This 
is in contrast to the results obtained when these analyses 
were performed for surgical fat removal. Here, the data 
confirmed that the surgical removal of fat by aspiration (li- 
posuction) or excision (body contouring) resulted in favor- 
able changes to the serum lipid profiles in the long term 
(Badran et al.- in press). Most likely, there were simply in- 
sufficient data to be able to conclude. 

The preclinical and clinical evidence for favorable 
metabolic changes associated with cryolipolysis is variable. 
Using a porcine model, Kwon and colleagues 33 demonstrated 
that cryolipolysis was associated with a transient increase 
in serum TC, LDL and HDL cholesterol, and TG to day 30. 
By day 60, however, each had fallen below the baseline 

level. By day 90, serum LDL cholesterol was still below the 
baseline level. These observations were supported by a re- 
cently published study by Abdel-Aal et al. 34 involving 60 
obese women randomized to receive a low-calorie diet for 
3 months with or without 3 sessions of cryolipolysis. The 
group that received cryolipolysis demonstrated significant 
improvements in serum lipid profiles and liver enzymes rel- 
ative to the control group. A study by Al Agamy et al. 35 
comparing cryolipolysis with cold laser therapy observed a 
significant reduction in serum TG and a significant increase 
in serum HDL cholesterol following application of exposure 
to either device. This contrasts with the work of Klein and 
colleagues. In two separate studies of cryolipolysis of the 
flanks (40 patients) 36 and the abdomen and flanks (35 pa- 
tients), 37 they reported no significant changes in serum lipid 
profiles over the timepoints studied. Similarly, a study of 
50 patients by Ferraro et al. 38 exposed to cryolipolysis and 
extracorporeal shock wave therapy did not reveal any sig- 
nificant changes in serum lipid profile over 7 days. Clinical 
studies of lipolysis using high-intensity focused ultrasound 
(HIFU) 39 , 40 and radiofrequency failed to demonstrate signif- 
icant changes in metabolic parameters after exposure. The 
transient nature of lipid profile variations observed in the 
current study was also observed in a preclinical study of 
laser lipolysis in pigs. 41 

The study raises several important questions about the 
role of nonsurgical fat removal as an endocrinological, 
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Figure 3 Change in ( A ) LDL, (B ) HDL, ( C ) TG, and (D) TC over time since body contouring procedure The “dose” is time in days 
after the procedure. The circles represent the weighted mean difference in each individual study at this time point with the marker 
size reflecting the weight of corresponding study. 
as opposed to purely esthetic, intervention. With a rising 
tide of obesity owing to calorie-rich diets and sedentary 
lifestyles, the desire for fat removal has fueled burgeon- 
ing surgical and nonsurgical aesthetics industries tailored to 
the pursuit of anthropometric ideals. Interestingly, however, 
these industries have neglected the potential health bene- 
fits of fat removal. Adipocytes regulate energy homeosta- 
sis by the synthesis and secretion of metabolic hormones 
known as adipokines. 3 , 5 It is hypothesized that circulating 
free fatty acids induce insulin-mediated triglyceride storage 
in adipose tissue, skeletal muscle, and liver. Chronic insulin 
overstimulation causes a stress response in each of these tis- 
sues with a synthesis of pro-inflammatory cytokines, recruit- 
ment of inflammatory cells, systemic inflammation, and in- 
sulin resistance via negative feedback controls. Many clin- 
ical studies have demonstrated that insulin sensitivity and 
lipid profiles may be improved merely by the removal of 
subcutaneous adipocytes. 42 , 43 It is interesting to speculate 
on whether evidence of metabolic benefits would influence 
the industry that has built up around nonsurgical fat re- 
moval. On the one hand, such evidence would be a powerful 
refutation of critics who espouse the view that there are no 
inherent health benefits to nonsurgical fat removal. On the 
other hand, more data are needed before authoritative con- 
clusions can be reached. 

A major limitation with this study is the small number 
of eligible studies, many of which had recruited a small 
number of patients. Thus, when the margin for error was 
taken into consideration, few obvious trends emerged. The 

lack of compelling source data reflects the fact that, on the 
whole, esthetic practitioners are less interested in the po- 
tential health benefits of nonsurgical fat removal than in 
the commercial potential of the pursuit of anthropomet- 
ric ideals. If nothing else, this study highlights the press- 
ing need for more metabolic data. Moreover, we included 
a number of different methods of nonsurgical fat removal. 
This inevitably leads to concerns that our data are heteroge- 
neous and that, as such, our conclusions mean little for any 
one specific commercial device. The third limitation is the 
relatively limited number of metabolic parameters, and the 
narrow metabolic window studied. Again, we are limited by 
the data available from the source material. 
Conclusion 
This study shows that nonsurgical body contouring proce- 
dures correlates with a sustained improvement in anthro- 
pometrics and body compositions for at least two months 
after procedure. A transient deterioration in lipid profile is 
observed over the first two weeks, consistent with lipolysis. 
The long-term metabolic effects of nonsurgical fat removal 
remain uncertain. 
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Metabolic changes after surgical fat 
removal: Current gaps and suggestions for 
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Dear Editor, 

We read with interest the letter by Seretes et al. discussing 
the findings and limitations of our evidence synthesis re-
garding the metabolic implications of surgical subcutaneous 
fat removal (SSFR).1 It is true that existing studies were of 
small sample size, heterogeneous in terms of baseline body 
mass index (BMI), type and amount of SSFR, gender differ-
ences, as well as participants' behaviour in terms of diet and 
exercise.2 While this has a bearing on the results of this 
paper, a meta-analysis generates an average effect over the 
multiple studies and those till date3–8 have failed to gen-
erate consensus because they did not address the hetero-
geneity in follow-up duration among the included studies. 
Our dose-response meta-analysis (DRMA)1 aimed not only to 
pool previous studies to reach a bigger sample size and 
stronger conclusion, but also to account for differences in 

follow-up time. Thus, regardless of the existing hetero-
geneity in patient characteristics, there was a metabolic 
effect demonstrable for SSFR and these results are con-
sistent with the observation that even a small amount of fat 
reduction can have a significant metabolic benefit on insulin 
sensitivity, inflammation, and blood pressure.9,10

With the current advancement in our understanding re-
garding fat tissue being an active endocrine organ rather 
than an energy store, as well as the accelerating increase in 
demand for such body contouring surgeries (that lead to 
SSFR) to improve body shape quickly, it is essential to fur-
ther investigate the metabolic changes after these sur-
geries, not only to confirm the safety of these procedures, 
but also to help us to understand the mechanisms under-
pinning the link between obesity and metabolic diseases 
and the impact of various patient differences on metabolic 
sequalae. Our meta-analysis is reassuring in that metabolic 
safety seems plausible and therefore the focus now needs 
to be on additional sources of population heterogeneity 
such as existing comorbidities such as diabetes mellitus and 
history of previous bariatric surgery,11 which could alter the 
metabolic trajectory after SSFR. As Seretes aptly concludes, 
future controlled studies with homogenous samples, proper 
methodology, and adequate follow-up remain of high im-
portance to clarify the role of different patient factors on 

Journal of Plastic, Reconstructive & Aesthetic Surgery 81 (2023) 83–84
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metabolism after surgical1 (SSFR) and non-surgical12 (NSSFR) 
subcutaneous fat removal.
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ABSTRACT 

In this study, we examined the performance of a novel index of glucose excursion (Doi’s weighted 

average glucose; dwAG) in relation to the conventional measure of area under the oral glucose 

tolerance test (A-GTT) and the homeostatic model assessment for insulin sensitivity (HOMA-S) 

and pancreatic beta cell function (HOMA-B). A cross-sectional comparison of the new index was 

conducted using 66 oral glucose tolerance tests (GTTs) performed at different follow-up times 

among 27 participants who had undergone surgical subcutaneous fat removal (SSFR). 

Comparisons across categories were made using box plots and the Kruskal-Wallis one-way 

ANOVA on ranks. Passing-Bablok regression was used to compare the dwAG against the 

conventional A-GTT. The Passing-Bablok regression model suggested a cutoff for normal values 

for A-GTT of 15.14 mmol/L·2h-1 compared to the dwAG’s suggested threshold of 6.8 mmol/L. 

For every 1 mmol/L·2h-1 increase in A-GTT, the dwAG value increased by 0.473 mmol/L. The 

glucose area under the curve correlated well with the four defined dwAG categories, with at least 

one of the categories having a different A-GTT curve (KW Chi2 = 52.8 [df = 3], P < 0.001). The 

HOMA-S tertiles were also associated with significantly different levels of glucose excursion 

measured through both the dwAG value (KW Chi2 = 11.4 [df = 2], P = 0.003) and A-GTT measure 

(KW Chi2 = 13.1 [df = 2], P = 0.001). It is concluded that the dwAG value and categories serve 

as a simple and accurate tool that can be used for interpreting glucose homeostasis across clinical 

settings.   

Keywords: Diabetes mellitus; oral glucose tolerance test; weighted average glucose; dwAG; under 

the curve; HOMA-S.  
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Diabetes mellitus is a growing global pandemic that is increasing at an alarming rate. It is 

expected that diabetes prevalence will reach 10.2% (578 million), and that the prevalence of 

impaired glucose tolerance will reach 8% (454 million) by 2030 [1]. Half of the diabetic population 

has asymptomatic hyperglycemia [1] and this has led to further research on different diagnostic 

tools that can shed light on glycemic changes seen in patients with disorders of glucose 

homeostasis.    

A test that has commonly been used to diagnose glycemic disorders is the oral glucose 

tolerance test (GTT), which is extensively used in both research and clinical practice as an indicator 

of gestational diabetes [2], but has been replaced by the fasting plasma glucose (FPG) for the 

diagnosis of type 2 diabetes [3]. In both humans and animals, GTT provides an indication of the 

relative roles of insulin secretion and insulin resistance in the progression of glucose intolerance. 

It can provide the best measure of glucose homeostasis and has the potential to diagnose patients 

with impaired glucose tolerance even with normal FPG levels. This is of value because those 

patients are at higher risk for developing type 2 diabetes as well as cardiovascular diseases [4]. 

 Doi’s weighted average glucose (dwAG) is a novel index that represents a single value 

summary of the glucose excursion under the GTT. The latter is derived from only 3 time points on 

the GTT at 0, 60 and 120 minutes and was categorized into 4 levels in a previous study of 

gestational diabetes. These four categories differentiated between normal, impaired, abnormal, and 

severely abnormal glycemic states [2]. In this study, we examine the performance of the dwAG 

value in comparison to the area under the GTT (75 mg oral glucose with 6 time points of glucose 

measurements) and homeostatic model assessment for insulin sensitivity (HOMA-S) and 

pancreatic beta cell function (HOMA-B) in a group of participants undergoing surgical 

subcutaneous fat removal for cosmetic purposes, also known as body contouring surgery. The aim 
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was to determine whether the values and cutoffs as defined for gestational diabetes also define 

glucose excursion in a different group of adult subjects outside pregnancy. 

 

MATERIALS AND METHODS 

Subjects 

We studied 27 consecutive eligible patients who underwent body contouring surgery at the 

Department of Plastic Surgery, Hamad General Hospital, in the period between July 2021 and June 

2022. Sixteen participants were obese (59%) and 4 patients were diagnosed with type 2 diabetes 

mellitus (15%). Details of the participants are given in Table 1. GTT was performed at 3 different 

time points before and after surgery (visit one: within 1 week before surgery, visit two: 1 week 

after surgery, and visit three: 6 weeks after surgery). After taking a detailed medical history and 

complete physical examination, patients with comorbidities were excluded except for type 2 

diabetes mellitus patients who were not on insulin therapy.  

Study design  

The research design in this study was a cross-sectional comparison of standard and new 

method of assessing glucose excursion under the GTT. The GTT was administered using 75 mg 

oral glucose with 6 time points of glucose measurements (fasting [gtt0], 15 minutes [gtt15], 30 

minutes [gtt30], 45 minutes [gtt45], 60 minutes [gtt60] and 120 minutes [gtt120] in mmol/L). For 

each of the GTT’s, glucose excursion was computed using: 

a) standard method: Tai’s trapezoidal rule for area under the GTT [5] expressed as mmol/L/2h 

using 6 GTT values (at 0, 15, 30, 45, 60 and 120 minutes) 

b) new method: Doi’s weighted average glucose (dwAG) [2] calculated using the formula 

(gtt0 × 0.28) + (gtt60 × 0.36) + (gtt120 × 0.36) and expressed as actual glucose values in 
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mmol/L. The dwAG represents a single value summary of the glucose excursion under the GTT 

using only the 3 time points (0, 60 and 120 minutes) in routine GTT’s for diagnostic use [2]. The 

dwAG value was categorized into 4 categories: dwAG0 ≤ 6.8, dwAG1 > 6.8 and ≤ 7.5, dwAG2 > 

7.5 and ≤ 8.6 and dwAG3 > 8.6 mmol/L based on 4 levels of risk previously defined for women 

with gestational diabetes [2]. These four levels of dwAG reflect normal, impaired, abnormal, and 

severely abnormal dwAG values, respectively. 

The Oxford HOMA2 Calculator was used to compute HOMA-S and HOMA-B (both 

anchored at 100% for normal insulin sensitivity) by means of FPG and fasting C-peptide [6]. 

The GTTs were classified into two patterns or shapes that indicate a higher level of beta cell 

dysfunction:  

a) Those that peaked after 30 minutes (Y/N) defined as a maximum value after 30 minutes 

(or after 45 minutes if the value at this time only exceeded the 30 minute value by < 0.25 

mmol/L) [7].  

b) A biphasic GTT defined as a GTT with 120 min glucose ≥ 0.25 mmol/L higher than at 60 

minutes [8]. 

 

Ethical statement  

All subjects signed an informed consent before starting the study, which was approved by 

the Institutional Review Board at Hamad Medical Corporation and Qatar University (MRC-01-

20-466, and QU-IRB 1412-EA/20 respectively), and by the Institutional Bio-safety Committee at 

Qatar University (QU-IBC-2020/066).  

Statistical analysis 
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Comparisons across categories were made using box plots and the Kruskal-Wallis one-way 

ANOVA on ranks which extends the Mann–Whitney U test. Passing-Bablok regression was used 

to compare both methods of computing glucose excursion and is a linear regression procedure with 

no special assumptions regarding the distribution of the samples and the measurement errors [9]. 

The result does not depend on the assignment of the methods for glucose excursion to X and Y.  A 

linear regression model with two categorical predictors (peak after 30 minutes and biphasic GTT) 

was used to assess mean values of dwAG, area under the GTT (A-GTT), HOMA-S and HOMA-

B in groups defined by these factors. Finally, the dependence of dwAG on HOMA-S and HOMA-

B was modeled in linear regression using restricted cubic splines and using the values of both 

HOMA-S and HOMA-B indices centered at 100%. Stata version 15 (College Station, TX, USA) 

was used for all analyses and exact P values were reported throughout.  

RESULTS 

There were a total of 66 complete GTTs and of these, 47 (71.2%) had peak values after 30 

minutes and 9 (13.6%) were biphasic (8/9 also had a peak after 30 minutes). Glucose excursion 

was computed using the two measures indicated in the methods and a Passing-Bablok regression 

model suggested a cutoff for normal values for the A-GTT of 15.14 mmol/L·2h-1 as the equivalent 

cutoff to the dwAG value of 6.8 mmol/L. For every 1 mmol/L·2h-1  increase in A-GTT, the dwAG 

value increased by 0.473 mmol/L (Figure 1). The glucose area under the curve correlated well with 

the dwAG level (4 groups), with at least one of the levels having a different A-GTT (KW Chi2 = 

52.8 [df = 3], P < 0.001). The median A-GTT in each dwAG category was 13.2, 15.9, 18.3 and 

21.0 mmol/L·2h-1 in the normal, impaired, abnormal, and severely abnormal dwAG groups, 

respectively (Figure 2).  
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The HOMA-S tertiles were associated with different levels of glucose excursion measured 

through both the dwAG value (KW Chi2 = 11.4 [df = 2], P = 0.003) and A-GTT value (KW Chi2 

= 13.1 [df = 2], P = 0.001) (Figure 3). The IQRs for the dwAG across the insulin sensitivity tertiles 

were 6.8 to 9.4, 6.1 to 7.6, and 5.3 to 7.0 mmol/L, respectively. For A-GTT, the IQRs were 15.4 

to 21.5, 13.3 to 18.5, and 12.2 to 16.5 mmol/L·2h-1, respectively. The impact on glucose excursion 

was seen more prominently once insulin sensitivity was lowest (in the first tertile; HOMA-S 

median -53.35%, IQR -69.7% to - 49.1%).    

   HOMA-B alone (in a non-linear regression model) explained 42% of the variation in 

dwAG values, whereas HOMA-S explained 9% of the variation in dwAG values in a similar 

model. The combination of both HOMA-B and HOMA-S in a non-linear regression model (using 

restricted cubic splines) contributed to explaining 66% of the variation in dwAG values suggesting 

that the combination was what defined the bulk of the variation in dwAG values. This is shown 

graphically in Figure 4, which shows that dwAG depends on both beta cell function and insulin 

sensitivity, and that dwAG increases as both insulin sensitivity and beta cell function decline.   

 The mean dwAG value in those GTTs with a peak at 30 minutes and that were monophasic 

was 6.4 mmol/L. There was a mean increase in dwAG of 1.4 mmol/L (P = 0.032) in those GTTs 

with a peak after 30 min but no biphasic shape and a mean increase of 3.0 mmol/L in GTTs with 

both a later peak and biphasic shape (P = 0.002). With the A-GTT the mean changes followed a 

similar trend but with less statistical evidence against the model hypothesis at this sample size. 

HOMA-B declined on average by 19.8% (P = 0.262) in the late peak only group and by 29.3% (P 

= 0.285) in the combined late peak and biphasic group. The respective changes in HOMA-S for 

these groups were -3% and -3.7%, respectively, suggesting that these shape changes reflected beta 

cell function. None of the GTTs from a patient with a history of bariatric surgery demonstrated a 
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biphasic pattern (P = 0.028, Fishers exact test), but a peak after 30 minutes occurred with equal 

frequency in those with or without a history of bariatric surgery.  

DISCUSSION 

This study, for the first time, introduces a novel tool to define glucose homeostasis in adult 

population, and demonstrates an excellent correlation with the A-GTT and is well discriminated 

by tertiles of HOMA-S. The implication here is that the dwAG, which combines fasting, 1h and 

2h plasma glucose values, is a sufficient criterion for measuring glucose excursion in adults, which 

in this paper refers specifically to a group of non-pregnant adults who underwent body contouring 

surgery. The dwAG was responsive to GTTs with peaks after 30 minutes or with a biphasic shape 

and this was not so clearly evident with the A-GTT. The time to glucose peak >30 minutes has 

previously been shown to be an independent indicator of prediabetes and lower beta cell function 

in an otherwise healthy multi-ethnic adult cohort [7]. It is known that the glucose peak occurs most 

frequently at 30 minutes (60.5%) and is accompanied by a synchronous peak of insulin [10]. Thus, 

both a later peak and a biphasic shape indicate worse beta cell function [8, 11].  

It was noted that none of the GTTs showed a biphasic pattern in subjects who had a history 

of bariatric surgery, which is not surprising given the fact that meal-induced secretion of glucagon-

like peptide-1 (GLP-1) could be up to 10-fold higher in patients after gastric bypass or sleeve 

gastrectomy surgeries compared to non-surgical individuals. One possible mechanism (among 

others) that has been put forward is accelerated nutrient transit from stomach to the gut, leading to 

enhanced secretion of GLP-1 [12]. The latter is specific to bariatric surgery and occurs before 

weight loss; given that our patients had bariatric surgery more than 18 months preceding the GTT, 

the effect is sustained. The latter is different from the favorable effects of bariatric surgery on 
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peripheral insulin sensitivity which is shared with those of calorie restriction [13] and is only 

improved in proportion to weight loss [14, 15]. 

The implication from the observations in these patients with or without history of bariatric 

surgery is that the measure of glucose excursion using the dwAG value shares elements of the two 

major metabolic impairments associated with glucose homeostasis: an increase in insulin 

resistance and impaired beta cell function [16, 17]. This was demonstrated in this study (Figure 4), 

where the dwAG was about 5 mmol/L when both HOMA indices were normal (100%). There was 

a linear increase in dwAG when insulin sensitivity declined and a non-linear increase in dwAG 

when beta cell function declined. This explains why the dwAG or area under the GTT curve may 

be a better indicator of transitioning to type 2 diabetes mellitus [18] or future cardiovascular 

disease and mortality [19] than low insulin sensitivity alone. As indicated in our results, the dwAG 

correlates better with shape parameters than A-GTT and this was evident in post-bariatric subjects 

with much better beta cell function.     

This study provides firm support to the dwAG as an alternative and novel method to 

formally assess glucose excursion under the GTT. Although it was developed for gestational 

diabetes [2], it is shown here that it can have broader application. This study confirms that the 

same groupings from normal to severely abnormal glucose excursion hold in this population of 

adults outside of pregnancy and, as expected, correlates with HOMA insulin sensitivity and beta 

cell function. While the GTT is no longer used as a mainstay in diabetes diagnosis [20, 21], it 

continues to be used as an index of glucose excursion, which represents the balance of insulin 

sensitivity and beta cell function. While those with abnormal dwAG values (dwAG2) had a mean 

FPG of 5.6 mmol/L which coincides with the ADA threshold for impaired fasting glucose (IFG), 

these two tests, nevertheless, provide different levels of glucose homeostasis assessment because 
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the GTT combines information from both insulin sensitivity and beta cell function [22], whereas 

 the FPG is responsive primarily to insulin secretion relative to the level of insulin resistance [23] 

and is ideally suited to diabetes diagnosis as it indicates decompensated insulin resistance. 

The strengths of the present study include a first-time comparison of the A-GTT to a novel 

index of glucose excursion using the conventional GTT used in clinical practice, the computation 

of the A-GTT from six time-points of the GTT, and the comparison of both the conventional and 

novel indices to HOMA beta cell function and insulin sensitivity in the same model. Potential 

limitations include the fact that we have not yet acquired data on various hormones of interest 

during GTT (which is currently ongoing) and the use of a single GTT for the comparisons in 

individuals, which may have less reproducibility but, on the positive side,  mimics the clinical use 

of these indices in practice.  

CONCLUSION 

The dwAG represents a single value summary of glucose excursion under the GTT and  

serves as a simple but accurate tool that can be used for glucose homeostasis interpretation. It was 

initially concieved as a tool that could be used to define glucose homeostasis in pregnancy and, in 

that study, correlated with adverse perinatal outcomes. It has now been independently validated as 

equivalent to the conventional A-GTT (based on six time-points) measure of glucose excursion in 

this study in a different population of non-pregnant adults and correlates well with both HOMA 

insulin sensitivity and HOMA beta cell function.  
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TABLES AND FIGURES WITH LEGENDS 

 

 

Table 1: Baseline characteristics of study participants 

Factor Level/units Visit 1             Visit 2 Visit 3 
  

N=27 N=22 N=19 

Sex M 6 (22.22%)            6 (27.27%) 3 (15.79%) 
 

F 21 (77.78%)           16 (72.73%) 16 (84.21%) 

BMI category  Normal 4 (14.81%)     3 (13.64%) 2 (10.53%) 
 

Overweight 7 (25.93%)           6 (27.27%) 5 (26.32%) 
 

Obese 16 (59.26%)           13 (59.09%) 12 (63.16%) 

Bariatric surgery status  No prior 
history 

17 (62.96%)           13 (59.09%) 13 (68.42%) 
 

Had a prior 
history  

10 (37.04%)           9 (40.91%) 6 (31.58%) 

Fat percent, median (IQR) % 37.00 (32.90, 42.20)  37.00 (32.90, 42.90) 39.60 (33.60, 44.00) 

Biphasic shape of GTT No 23 (85.19%)           19 (86.36%) 15 (88.24%) 
 

Yes 4 (14.81%)            3 (13.645) 2 (11.76%) 

Peak glucose after 30min on the 
GTT 

No 7 (25.93%)            5 (22.73%) 4 (23.53%) 
 

Yes 20 (74.07%)           17 (77.27%) 13 (76.475) 

GTT0, median (IQR) mmol/L 5.30 (4.90, 5.80)     5.45 (5.00, 5.70) 5.20 (4.90, 9.00) 

GTT15, median (IQR) mmol/L 7.90 (6.80, 9.70)     7.45 (7.00, 8.30) 8.00 (6.20, 9.00) 

GTT30, median (IQR) mmol/L 8.60 (7.10, 11.20)    8.40 (7.70, 10.30) 8.95 (6.80, 10.70) 

GTT45, median (IQR) mmol/L 10.40 (7.50, 12.00)   9.55 (8.40, 10.10) 8.10 (6.40, 10.70) 

GTT60, median (IQR) mmol/L 8.90 (7.20, 12.60)    8.75 (7.60, 11.10) 8.35 (7.10, 11.50) 

GTT120, median (IQR) mmol/L 6.70 (4.20, 8.80)     6.40 (5.30, 8.60) 5.75 (4.70, 8.20) 
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Figure 1. Passing-Bablok regression plot showing data and fit for the weighted average glucose 

measure of glucose excursion predicted from area under the GTT (glucose). Cusum test for 

linearity, No significant deviation from linearity (P = 0.83); Spearman rank correlation coefficient 

0.934 (95% confidence interval 0.894 to 0.959). GTT: glucose tolerance test 
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Figure 2: Association between the area under the GTT and dwAG category measure of glucose 

excursion. GTT: glucose tolerance test 
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Figure 3: Association between glucose excursion (left: Tai’s area under the GTT; right: Doi’s 

weighted average glucose) and innsulin sensitivity tertile.  

*HOMA-S tertile: Homeostatic Model Assessment for insulin sensitivity tertiles 1, 2 and 3 
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Figure 4. Relationship of HOMA insulin sensitivity (%) and HOMA beta cell function (%) to the 

dwAG (mmol/L) demonstrating that both are important in determining the dwAG value. The 

values of HOMA are centered at 100%, and when both are normal (0%) the dwAG value is about 

5 mmol/L. As HOMA insulin sensitivity decreases the dwAG rises linearly and this is mitigated 

by an increase in beta cell function which drops the dwAG value. 
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R E S E A R C H A R T I C L E

The impact of prior obesity surgery on glucose
metabolism after body contouring surgery:
A pilot study
Saif Badran 1, Suhail A. Doi 1, Atalla Hammouda 1, Hoda Khoogaly2, Mohammad Muneer 1, Meis Alkasem 2,
Abdul-Badi Abou-Samra 2,3, and Abdella M. Habib 4∗

Body contouring surgery enhances physical appearance by means of surgical subcutaneous fat removal (SSFR). However, it remains
unclear how SSFR may a!ect glucose metabolism and its broader e!ects on the endocrine system, especially in individuals who have
undergone obesity (bariatric) surgery. This study aimed to evaluate the impact of SSFR on glucose excursion and insulin resistance in
such patients, by examining them over three visits (within 1 week before surgery, 1 week after surgery, and 6 weeks after surgery).
The independent impact of SSFR and history of obesity surgery on glucose homeostasis was evaluated in 29 participants, of whom ten
patients (34%) had a history of obesity surgery. Indices of glucose metabolism were evaluated using cluster robust-error logistic
regression. Results indicated that SSFR led to a gross improvement in insulin resistance at 6 weeks after the surgery in all patient’s
irrespective of BMI, type 2 diabetes mellitus (T2D) status, or history of obesity surgery (OR 0.22; P= 0.042). However, no e!ect was
observed on glucose excursion except for a transient increase at visit 2 (1 week after surgery) in those without prior obesity surgery.
Interestingly, participants with a history of obesity surgery had approximately half the odds being in the upper tertile for HOMA-IR
(OR 0.44; p= 0.142) and ten-folds lower odds of having severely abnormal glucose excursion (OR 0.09; p= 0.031), irrespective of their
BMI, T2D status, or time post SSFR. In conclusion, this study showed that body contouring surgery through SSFR resulted in (at least)
short-term improvement in insulin resistance (independent of the participant’s BMI, T2D status, or history of obesity surgery) without
a!ecting glucose excursion under the GTT. On the contrary, obesity surgery may have a long-term e!ect on glucose excursion, possibly
due to sustained improvement of pancreatic β-cell function.
Keywords: Obesity, obesity surgery, bariatric surgery, body contouring surgery, surgical fat removal, insulin resistance, glucose
homeostasis, metabolism.

Introduction
Currently, there is a significant drift toward people
seeking body contouring surgical interventions, such as
dermo-lipectomy and liposuction, to quickly improve body
appearance. This increase in demand can be attributed to
several factors, including sedentary lifestyle, consumption of
high energy diets,media emphasis on fitness and health, aswell
as the current paucity of effective and safe pharmacological
treatment for overweight and obesity [1]. An additional
push behind these body contouring surgeries is the recent
advancement in safety and popularity of obesity surgeries, such
as Roux-en-Y gastric bypass and sleeve gastrectomy, both of
which are currently the most effective surgical interventions
for treating obesity and type 2 diabetes (T2D). However,
these procedures usually followed by a subsequent surgical
intervention to remove excess residual subcutaneous fat and
redundant skin to improve physical appearance [2, 3]. Surgical

subcutaneous fat removal (SSFR), a main consequence of body
contouring surgery, differs from other modalities of reducing
body fat (such as diet, exercise, and obesity surgeries) since
SSFR results in a sudden loss of adipocytes from the abdominal
subcutaneous fat (ASF) compartment. On the other hand, other
forms of fat reduction all result in a gradual decrease of both
subcutaneous and intraabdominal adipocytes in terms of both
size and quantity [4]. Themetabolic impacts of the large volume
subcutaneous fat removal during body contouring surgery are
not known fully [5–7]. Several studies have investigated the
latter, using different tests that assess glucose homeostasis,
such as the homeostasis model assessment-estimated insulin
resistance (HOMA-IR) [8–10] and fasting insulin levels [11, 12].
Fewer studies have assessed both fasting and postprandial
glucose homeostasis using the insulin tolerance test [13],
oral glucose tolerance test (OGTT) [14, 15], or the gold stan-
dard glucose clamp test [16, 17]. The existing studies have



 

  

  

215  

been summarized in one systematic review and five meta-
analyses [6, 7, 18–21], and these syntheses suggest a possible
improvement in insulin sensitivity, but a major challenge in
interpreting these results is that they did not account for the
heterogeneity of patients in terms of baseline body mass index
(BMI), T2D status, and prior obesity (bariatric) surgery. This
is of high importance to delineate the independent effect of
SSFR on glucose homeostasis. To evaluate the latter, we decided
to assess the independent impact of SSFR on both glucose
excursion (which is the sum of pancreatic-β cell function and
insulin resistance) and insulin resistance (HOMA indices)
while accounting for preoperative BMI, T2D status, and prior
bariatric surgery history.

Materials and methods
Subjects
We studied 29 consecutive eligible patients who were planned
to undergo SSFR that included either abdominoplasty or lower
body lift surgery (liposuction cases were excluded) at Hamad
General Hospital, in the period between July 2021 and Decem-
ber 2022. All subjects had a stable weight for at least six
months before the surgery with a fluctuation of less than 3% of
bodyweight. Patients with comorbidities were excluded except
for T2D. Diabetic patients on insulin therapy were excluded.
Patients with a history of obesity surgery were excluded if the
surgery was less than two years before the body contouring
surgery.

Study design and reporting
The research design in this study was a quasi-experiment with
three time points. A quasi-experimental design lacks individual
patient randomization, but it has allocation of treatment by the
researcher, and the longitudinal nature of this design means
that the same patients act as their own control. This design
was chosen because the classical experimental design (random-
ized controlled trial) is not appropriate for this type of study.
Outcome variables of interest were measured at three time
points which were the patient hospital visits (visit one: within
1 week before surgery, visit two: 1 week after surgery, and
visit three: 6weeks after surgery). The TREND reporting guide-
line for nonrandomized/quasi-experimental study designs was
used to guide the reporting in this paper (see Supplementary
material) [22].

Patient measurements
Collected outcome variables during the three visits included
patient age, gender, comorbidities and medications, history
of obesity surgery, vital signs, body fat composition mea-
surements using bioelectrical impedance analysis (TANITA®

segmental body composition scale) before and after surgery,
details of the surgical procedure, including type of surgery
and the weight of fat mass removed (in grams), OGTT using
75-gm oral glucose with six time points of glucose measure-
ments (fasting (gtt0), 15 min (gtt15), 30 min (gtt30), 45 min
(gtt45), 60 min (gtt60), and 120 min (gtt120) in mmol/L),
fasting insulin (pmol/l) and c-peptide (nmol/l), hemoglobin
A1c [HBA1c; (%)], lipid profile (LDL, HDL, and triglyceride

in mmol/L), c-reactive protein [CRP; (mg/L)], interleukin-6
[IL-6; (pg/mL)], vitamin D (ng/mL). The HOMA-IR (anchored
at 1 for normal insulin sensitivity) was calculated by means
of the fasting plasma glucose and fasting c-peptide using the
University of Oxford HOMA2 calculator [23]. For each of the
GTT’s, glucose excursion was computed using Doi’s weighted
average glucose (dwAG) [24, 25] and was categorized into four
categories: dwAG0 ≤ 6.8, dwAG1 > 6.8 & ≤ 7.5, dwAG2 > 7.5
& ≤ 8.6, and dwAG3 > 8.6 mmol/L based on four levels of risk
previously defined for women with gestational diabetes [24].
The four levels of dwAG reflect normal, impaired, abnormal,
and severely abnormal dwAG, respectively. The dwAGhas been
validated [25] against the area under the GTT curve.

Blood samples and assays
Fasting blood samples were collected, immediately processed,
and stored frozen at −80 °C pending analysis. All assays were
performed at the central laboratory of Hamad Medical Cor-
poration, a laboratory accredited by the College of American
Pathologist (CAP) and Joint Commission International (JCI).

Plasma glucose was measured using a hexokinase-based
enzymatic method, the coefficient of variation for the assay
was 1.2% at a mean glucose value of 5.3 mmol/L during the
study period. Total cholesterol, triglycerides, and high-density
lipoprotein cholesterol (HDL-C) levels were measured enzy-
matically. Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald equation. Serum 25(OH)D con-
centration (included both vitamin D2 and vitamin D3 fractions)
was measured using electrochemiluminescence immunoassay
(Vitamin D Total II, Roche, North America, USA). Plasma
insulin and C peptide concentrations were measured on EDTA
plasma (0.1 mL) using a sandwich-based assay on micropar-
ticles detected by fluorescence according to the manufacturer
recommendations (insulin and C peptide Elecsys kits, Roche,
North America, USA). The detection ranges were between
0.2–1000mIU/mL and 0.01–40 ng/mL, for insulin and c pep-
tide, respectively. The intra-assay and inter-assay variations
were less than 5% for both assays. The plasma concentration
of CRP was measured using a particle-enhanced immunotur-
bidimetric assay following the manufacturer recommendation
(cobas CRP Test, Roche Diagnostics, North America, USA); the
CRP in the diluted plasma binds with the CRP antibody on latex
particles; the concentration of CRP is calculated as a function of
the changed absorbancemeasured at 525 nm and 625 nmwhich
is in relation to the amount of agglutination. The detection
range is 3.0–400mg/L and intra- and inter-assay variations are
less than 4%. IL-6 was measured by a non-competitive (sand-
wich) chemiluminescent immunoassay (Elecsys® IL-6, Roche
Diagnostic, NorthAmerica USA). The assaymeasures a range of
1.5-5000 pg/mL, with an inter-assay precision of 17.4% (at 1.82
pg/mL) and 2.0% (at 4461 pg/mL) and a stated reference value
<7 pg/mL.

All subjects had an OGTT with a 75-g glucose challenge and
blood sampling at 0, 15, 30, 60, 90, and 120 min. Blood samples
during the OGTT were collected in plain microtubes, rapidly
centrifuged in a micro-centrifuge, and the supernatant serum
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was assayed for glucose concentrations using Analox (Analox
Instrument Ltd, GM9, UK).

Ethical statement
This study was approved by the Institutional Review Board
at Hamad Medical Corporation and Qatar University (MRC-
01-20-466 and QU-IRB 1412-EA/20, respectively), and by the
Institutional Bio-safety Committee at Qatar University (QU-
IBC-2020/066). All subjects signed an informed consent before
starting the study.

Statistical analysis
Descriptive statistics were computed (median and interquar-
tile range or number and percent) to report patient variables
across time points. Because the data collected over time (three
time points) are correlated, the methods used for longitudinal
data analysis accounted for the correlated nature of the data.
A cluster robust error logistic regression analysis was con-
ducted to assess predictors of glucose excursion with the clus-
ters being the individual patient. Two outcomes were analyzed
in two separate analyses, with outcomes being either upper
tertile HOMA-IR (model 1) or severely abnormal (dwAG3) glu-
cose excursion (model 2). Only patient characteristics deemed
important prognostically for these outcomes were adjusted for
in these models. The mass of fat removed was not included in
the models because it was correlated with the degree of obesity
and thus a proxy for it. Predictive margins from the logistic
model were computed as a way of presenting model results in
the scale of interest (probability), not in the estimation scale
(logit) as the latter is more informative than odds ratios. A pre-
dictive margin is a generalization of an adjusted mean applied
to the nonlinear model (logistic regression model) thus using
the estimated model to make predictions on different values of
a covariate to evaluate its effect on the outcome. Stata version 15
(College Station, TX, USA) was used for all analyses and exact P
values were reported throughout.

Results
Patients studied
The study included 29 patients (22 females and 7 males), all
patients had at least one postoperative visit (15 patients com-
pleted both second and third visit, 7 patients completed the sec-
ondvisit only, and 7patients completed the thirdvisit only). Ten
patients (37%) had a history of obesity surgery (six sleeve gas-
trectomy, two bypass surgery, two sleeve plus bypass surgery).
Eleven patients (38%) were either lean or overweight, and the
remaining 18 patients (62%)were obese. Five patients (17%) had
T2D on oral medications, and none were on insulin therapy.
A detailed medical history and complete physical examination
revealed no other serious comorbidities or organ dysfunction
in any participant. Average ASF removed during surgery was
2400 (range 1300–3600) g. Preoperatively, the median dwAG
value was 7.0 mmol/L (interquartile range (IQR) 6.4–8.3), and
median HOMA-IR was 1.6 (IQR 1.3–2.1). The Tanita full body
composition analysis, complete lipid profile, and basic labo-
ratory results are reported in Table 1. While the mean fat%
and fat mass remain unchanged, on average, across visits, in

a paired-difference linear regression analysis we find that for
every percent difference in fat% the excised tissue in body con-
touring surgeries increased by 206.1 g (95% CI 26.1 g, 386.1 g).

Model 1 (HOMA-IR): Predictors of insulin resistance
The risk of severe insulin resistance (definedashaving anupper
tertile HOMA-IR level) was assessed in relation to SSFR, history
of bariatric surgery, T2D status, and baseline BMI indepen-
dently (Table 2). The median for HOMA-IR in the upper tertile
(across all time points) was 2.18 (IQR 1.96–3.30).

The odds of having upper tertile HOMA-IR (independent of
the T2D status, BMI, and history of obesity surgery) was 30%
higher (OR 1.30; p= 0.688) in the first week after SSFR but had
dropped 78% below base value (OR 0.22; p= 0.042) by 6 weeks
after SSFR (Table 2). The interpretation of the latter is that at 1
week after surgery the estimatedOR suggested someworsening
of HOMA-IR due to postoperative inflammatory status [26] but
with little evidence against the null hypothesis at this sample
size (p=0.688). However, at 6weeks, therewas a clinically and
statistically significant drop in HOMA-IR and the odds of upper
tertile HOMA-IR dropped almost five-folds over the baseline.

On the contrary, those with a history of obesity surgery
(irrespective of SSFR, BMI, and T2D status) had a 56% decrease
in odds of upper tertile HOMA-IR (OR 0.44) compared to those
without prior obesity surgery, but this timewith some evidence
against the null hypothesis at this sample size (p = 0.142). Dia-
betic status showed a four-folds higher odds of having upper
tertile HOMA-IR (OR 3.99; p = 0.086). However, BMI had a
weak independent correlation with insulin resistance status
(OR 1.38; p = 0.615). This model showed the goodness of link
(linktest in Stata) and goodness of fit (Area under ROC curve=
0.709).

Model 2 (dwAG3): Predictors of abnormal glucose excursion
The risk of having a severely abnormal glucose excursion on
the GTT (defined as dwAG3) was assessed in relation to SSFR,
history of bariatric surgery, as well as diabetic and obesity sta-
tus independently (Table 2). The median dwAG in this severely
abnormal group across all time points was 9.51 (IQR 9.15–11.93).

The odds of having severely abnormal dwAG (independent
of the T2D status, BMI, and history of obesity surgery) was
two-fold higher (OR 2.2; p= 0.256) in the first week after SSFR
but had returned to the base value (OR 1.05; p = 0.956) by 6
weeks after SSFR. The interpretation of the latter is that at 1
week after surgery the estimatedOR suggested someworsening
due to postoperative inflammatory status [26] but there was
weak evidence (p = 0.256) against the null hypothesis at this
sample size.

On the contrary, those with prior obesity surgery had an
almost ten-fold decrease in odds of a severely abnormal dwAG
status (OR 0.09; p = 0.031) compared to those without prior
obesity surgery (irrespective of SSFR, obesity, and T2D status).

Diabetic status as expected showed an extremely high odds
of having severely abnormal dwAG (OR 66.01; p = 0.001).
However, obesity status showed weak association with the risk
of having a severely abnormal glucose excursion on the GTT
(OR 0.78; p = 0.795) suggesting that abdominal fat mass and
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Table 1. Characteristics of the study population

Factor Level Visit 1 Visit 2 Visit 3

Number of participants 29 22 22
Age (years) 43.0 (38.0, 50.0) 41.0 (37.0, 50.0) 43.0 (38.0, 51.0)
Sex Male 7 (24.1%) 6 (27.3%) 5 (22.7%)

Female 22 (75.9%) 16 (72.7%) 17 (77.3%)
Diabetic status No 24 (83%) 20 (91%) 18 (82%)

Yes 5 (17%) 2 (9%) 4 (18%)
dwAG value (mmol/L) 7.0 (6.4, 8.3) 6.9 (6.4, 8.7) 7.1 (5.7, 8.2)
AUC-glucose (mmol/L/2h) 16.6 (13.5, 20.4) 15.8 (14.4, 19.0) 15.4 (12.9, 18.2)
HOMA-IR 1.6 (1.3, 2.1) 1.7 (1.3, 2.0) 1.5 (1.2, 1.7)
History of bariatric surgery Yes 10 (34%) 9 (41%) 7 (32%)

No 19 (66%) 13 (59%) 15 (68%)
BMI category < 30 11 (38%) 9 (41%) 7 (32%)

≥ 30 18 (62%) 13 (59%) 15 (68%)
BMI (kg/m2) 31.7 (29.1, 33.6) 31.7 (29.1, 34.2) 32.0 (29.3, 34.2)
Bioelectrical impedance measures
Body fat percent (%) 37 (33.6, 42.2) 37 (32.9, 42.9) 38.9 (34.1, 44.0)
Fat mass (kg) 32.4 (26.6, 37.4) 32.1 (26.6, 40.3) 32.5 (26.9, 37.4)
Total body water percent 44.4 (41.4, 47.1) 44.4 (41.4, 47.2) 43.8 (40.8, 46.1)
Basal metabolic rate (kJ/day) 5933 (5644, 6556) 5897.5 (5523, 6556) 6070.5 (5653, 7130)
Visceral fat rating 9 (6, 11) 8.5 (6, 12) 9 (6, 12)
Routine metabolic pro!le
HbA1c (%) 5.4 (5.2, 5.6) 5.4 (5.2, 5.6) 5.3 (5.2, 5.6)
CRP (mg/L) 1 (1, 2.8) 1 (1, 2.9) 1 (1, 2.8)
IL-6 (pg/ml) 3 (1, 5) 3.5 (2, 5) 3 (1, 4)
Vitamin D (ng/ml) 26 (19, 36) 26.5 (21, 40) 25 (18, 40)
Cholesterol (mmol/L) 4.3 (3.8, 4.9) 4.3 (3.8, 4.8) 4.4 (3.7, 4.8)
Triglyceride (mmol/L) 0.8 (0.6, 1) 0.9 (0.6, 1) 0.8 (0.6, 1)
HDL (mmol/L) 1.3 (1.1, 1.7) 1.3 (1.1, 1.6) 1.2 (1.1, 1.7)
LDL (mmol/L) 2.8 (1.9, 3.4) 2.8 (1.9, 3.4) 2.8 (1.9, 3.3)

dwAG: Doi’s weighted average glucose; HOMA-IR: Homeostasis model assessment-estimated insulin resistance; BMI: Body mass index; HbA1c: Hemoglobin
A1c; CRP: c-reactive protein; IL-6: Interleukin-6; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.

Table 2. Predictors of insulin resistance (model 1: HOMA-IR) or abnormal glucose excursion (model 2: dwAG3)

Variable
Model 1 (HOMA-IR) **
OR (95% CI) P values

Model 2 (dwAG3) **
OR (95% CI) P values

Time post SSFR

1 week after surgery* 1.30 (0.36, 4.67) 0.688 2.20 (0.56, 8.56) 0.256

6 weeks after surgery* 0.22 (0.05, 0.95) 0.042 1.05 (0.17, 6.34) 0.956

Risk factors

History of bariatric surgery 0.44 (0.14, 1.32) 0.142 0.09 (0.01, 0.80) 0.031

Diabetes mellitus 3.99 (0.82, 19.34) 0.086 66.01 (6.61, 435.47) <0.001

Obese 1.38 (0.40, 4.78) 0.615 0.78 (0.12, 4.94) 0.795

* Compared to pre-surgery. ** Model 1: OR of upper tertile HOMA-IR; Model 2: OR of severely abnormal dwAG (dwAG3). HOMA-IR: Homeostasis model
assessment-estimated insulin resistance; dwAG: Doi’s weighted average glucose; SSFR: Surgical subcutaneous fat removal.
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Figure 1. Predictive margins after logistic regression in Table 2. The left panel depicts insulin resistance (model 1; HOMA-IR) and right panel depicts
glucose excursion under the GTT (model 2; dwAG). HOMA-IR: Homeostasis model assessment-estimated insulin resistance; dwAG: Doi’s weighted average
glucose.

associated adipose fat dysfunction may be stronger predictors
of insulin resistance status compared to total fat mass [27]. This
model showed goodness of link (linktest in Stata) and goodness
of fit (Area under ROC curve = 0.764).

The impact of prior bariatric surgery on glucose homeostasis
changes after SSFR
The impact of prior bariatric surgery on changes in glucose
homeostasis (both insulin resistance and glucose excursion
under the GTT) after SSFRwas examined using predictivemar-
gins after logistic regression frommodels 1 & 2. Figure 1 depicts
the proportions under the models described in previous sec-
tions. This analysis aims to compare the changes in propor-
tions of patients with either upper tertile insulin resistance
or severely abnormal (dwAG3) glucose excursion under the
GTT in those with the history of bariatric surgery vs bariatric
surgery naïve participants. The left panel depicts results for
upper tertile insulin resistance (model 1) and the right panel
depicts results for dwAG3 glucose excursion under the GTT
(model 2).

In the left panel (Figure 1), there is an increase inproportions
with upper tertile insulin resistance by visit 2 and this is seen in
both those with and without bariatric surgery history. Marked
improvement then follows in visit 3 (again in both groups with
andwithouthistoryofbariatric surgery) suggesting that insulin
sensitivity has improved markedly by 6 weeks (more so in
bariatric surgery naïve participants). This also correlates with
the previous finding above, where SSFR resulted in a transient
worsening in insulin resistance at visit 2 (1 week after surgery)
possibly due to the postoperative inflammatory status [26],

followed by significant improvement at visit 3 (6 weeks after
surgery).

The right panel in Figure 1 depicts theproportions in relation
to severely abnormal glucose excursion (dwAG3) and here the
picture is different. Those with a history of bariatric surgery
have no real change in probability of this degree of glucose
excursion over time while those without a prior history of
bariatric surgery demonstrate a rise in the proportion with
severely abnormal glucose excursion by visit 2 (which paral-
lels the increase in HOMA-IR) and then returns to baseline by
visit 3.

In both the left and right panels, those with a history
of bariatric surgery have both lower proportions with gross
insulin resistance as well as with severely abnormal glucose
excursion at all time points. It is clear that the main impact
of SSFR is on insulin resistance (HOMA-IR) in all subjects, but
that theglucose excursioneffect ismarkedlyattenuated in those
with a history of bariatric surgery.

These results clearly suggest that SSFR improves insulin
sensitivity in those with or without bariatric surgery, but
only impacts glucose excursion under the GTT in bariatric
surgery naïve participants, suggesting that bariatric surgery
results in sustained improvements in this area possibly related
to better pancreatic β-cell function (and less so in terms of
HOMA-IR) [28].

Discussion
Obesity surgery is an efficient treatment for obesity and related
metabolic diseases [29]. Because of the rapid and massive
weight loss following the surgery,manypatients tend to require
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body contouring plastic surgery to remove redundant abdom-
inal skin and excess subcutaneous abdominal fat for aesthetic
purposes. The precise mechanisms by which obesity surgery
affords the protections and the consequences of surgical (and
non-surgical) fat removal on human metabolism are not fully
clear yet [5–7]. This study answered a fewof the pertinent ques-
tions through examination of the early postoperative changes
in glucose homeostasis after SSFR at three time points. A clear
protective effect of prior obesity surgery on glucose excursion
during the GTT was demonstrated using a novel index, the
dwAG. This effect was found to be independent of time post
SSFR, BMI, and diabetic status. Abnormal glucose excursion
has been associated with different metabolic risk profiles and
increased future risk of T2D [30]. Therefore, our results suggest
that obesity surgery offers this protection, independent of BMI.
Themechanismunderpinning this protection on abnormal glu-
cose excursion seems to work through both effects on insulin
resistance as well as pancreatic β cell function because the
OGTT combines both insulin resistance and the β cell function
status [31]. The implication is that glucose excursion under the
OGTT curve provides a predictive test for the future develop-
ment of T2D, independent of BMI. The latter is related to the
overall shape of the glucose excursion curve and thus the slower
the glucose curve returns to the fasting glucose level, the worse
the metabolic profile with greater insulin resistance and/or
worsepancreaticβ cell function, andhigher risk of futuredevel-
opment of T2D [30, 32].

Insulin resistance,which is defined as a suboptimal response
to normal blood levels of insulin, is what links overweight
and obesity to worsening pancreatic β cell function, T2D and
its associated metabolic consequences such as cardiovascu-
lar diseases. In this study, subjects with a history of obesity
surgery had a markedly lower glucose excursion even at visit 2
when HOMA-IR increased, strongly suggesting that the obesity
surgery effect is mediated through sustained improvement in
pancreatic β cell function. This is interesting because obesity
surgery is known to improve glucose homeostasis before sig-
nificant weight loss ensues [32, 33] and this also occurs with
calorie restriction [34]. The mechanisms by which pancreatic
cell health and function are improved remain unknown [35]
though it has been suggested that gut hormones, especially
glucagon-like peptide-1 [36], may modulate this effect. Better
understanding of what happens in the aftermath of obesity
surgery will provide novel insights into our understanding of
themanagement of chronicmetabolic sequalae of obesity, espe-
cially T2D.

The removal of about 2–3 kg ofASF (throughSSFR)was asso-
ciatedwith a net benefit in terms of insulin resistance post SSFR
as indicated in Table 2 and Figure 1 at 6 weeks. This improve-
ment in insulin resistance may be linked to SSFR-associated
changes in the secretion of certain adipokines, such as leptin
and IL-6 [37, 38]. These two adipokines are secreted from sub-
cutaneous fat stores rather than the visceral fat stores, due
to their larger mass and higher secretion rate [38]. They both
act centrally (in the hypothalamus) and peripherally in var-
ious tissues, such as adipocytes, pancreas, liver, and skele-
tal muscles [39], to promote insulin action and sensitivity,

therebymaintaining glucose homeostasis. However, the impact
of these primary adipokinesmay be influenced by other factors,
particularly in cases of elevated leptin levels in obesity, and
these additional factors may counteract the favorable effects of
leptin [40, 41].

There is no doubt that leptin exerts an insulin-sensitizing
effect since leptin administration exerts an insulin-sensitizing
effect in those with low leptin states, including lipoatrophy
states [43] and hypoleptinaemic states are also associated with
insulin resistance [41, 43] which can be ameliorated by leptin
treatment [43, 44]. Thus, a decrease in leptin levels is expected
after SSFR, but the underlying mechanism for the paradoxi-
cal improvement in insulin sensitivity remains unknown. One
explanation could be that leptin resistance is a consequence of
deficiency of some other adipokine that is deficient in obesity
and rises after SSFR. This would ease leptin from its resistant
state, even as its own levels decrease. Themechanisms involved
however need further investigation to establish a link with
the two main adipokines—leptin and IL-6, which are the most
abundant adipokines secreted fromwhite adipose tissue [45].

Conclusion
In conclusion, this study demonstrates an improvement in
insulin resistance after SSFR, independent of BMI, diabetic sta-
tus, or obesity surgery status. Furthermore, this study sheds
new light on the possibility that the long-term impact of obesity
surgerymay primarily target improvement in pancreatic β-cell
function, regardless of SSFR. However, the intricate interplay
between SSFR and obesity surgery in obesity and T2D remains
to be fully elucidated.
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