Impact of Post-Bariatric Body Contouring Procedures on Patient Body Weight and Metabolism
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Abstract 
Background: Bariatric surgery is an effective treatment that induces substantial and sustained weight loss through restriction, malabsorption, and hormonal mechanisms that regulate appetite and energy balance. This study aimed to assess the role of body contouring surgery in enhancing long-term weight loss maintenance and improving metabolic outcomes following bariatric surgery.
Methods: This prospective comparative study was conducted on 60 post-bariatric (sleeve) patients aged 20 to 60 years who underwent body contouring surgery and had been stable within 5 kg for 3 months. Patients were divided into two equal groups. Group A: underwent post-bariatric body contouring. Group B: served as the control group and did not undergo body contouring surgery.
Results: Group A showed significantly greater reductions in weight at 3 months () and 6 months (), and in body mass index at 3 months and 6 months () than Group B. A significantly lower basal metabolic rate was observed in Group A at 6 months (), with a significant decline from baseline (). While hematological, coagulation, and B-type natriuretic peptide parameters remained comparable between groups, Group A demonstrated significantly better metabolic and inflammatory outcomes, including lower total cholesterol, triglycerides, low-density lipoprotein cholesterol, tumor necrosis factor-alpha, and high-sensitivity C-reactive protein levels (), and higher high-density lipoprotein cholesterol levels at 3 months and 6 months (). Furthermore, most patients reported high satisfaction with body contouring surgery.
Conclusions: Post-bariatric body contouring surgery appears to be a safe and effective adjunct to bariatric surgery, contributing to sustained weight loss and improved metabolic outcomes. 
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[bookmark: _Hlk2170686][bookmark: _Hlk535793804]Introduction: 
Obesity has become a major global health problem due to the interaction between genetically inherited energy-conserving mechanisms and modern lifestyle changes characterized by abundant food availability and reduced physical activity [1]. The rise in obesity has been associated with an increased prevalence of metabolic syndrome and related comorbidities. Bariatric surgery evolved as an effective treatment for obesity, beginning with intestinal bypass procedures in the 1950s that promoted weight loss through malabsorption [2]. Subsequent developments, including gastric bypass introduced by Mason and the use of stapling techniques by Alden, improved surgical outcomes and reduced complications. Today, bariatric procedures are highly effective in achieving sustained weight loss and improving obesity-related conditions such as hypertension, sleep apnea, hyperlipidemia, and diabetes by reducing food intake, altering nutrient absorption, decreasing hunger, and enhancing satiety [3].
Metabolism encompasses the integrated processes of catabolism and anabolism, and substantial weight loss following bariatric surgery is associated with a catabolic state characterized by the breakdown of adipose tissue and, to some extent, lean body mass [4]. Bariatric procedures promote weight reduction through mechanisms that include intestinal malabsorption and alterations in gastrointestinal hormones and cytokines that regulate appetite and energy homeostasis, with interactions with the hypothalamus [5]. These endocrine and neurochemical adaptations resemble those observed in anorexia/cachexia and contribute to appetite suppression and sustained weight loss [6].
Although optimal weight loss is generally achieved within 1–2 years after surgery, a considerable proportion of patients experience varying degrees of weight regain over time. Long-term weight maintenance is influenced by multiple factors, particularly adherence to lifestyle modifications, including dietary habits and physical activity [7]. Approximately 50% of patients undergoing gastric bypass regain some weight within two years; however, most maintain more than 60% of their excess weight loss at five years postoperatively [8].
Emerging evidence suggests that post-bariatric body contouring procedures may enhance the durability of weight loss by removing excess skin and subcutaneous adipose tissue. Beyond improving quality of life, physical function, and self-esteem, these procedures may exert favorable metabolic effects, although their biological mechanisms remain incompletely understood [9]. As adipose tissue functions as a metabolically active endocrine organ involved in appetite regulation and energy metabolism, its removal has been associated with reduced secondary weight regain and improvements in glucose and lipid metabolism following bariatric surgery [10]. 
This study aimed to assess the role of body contouring surgery in enhancing long-term weight loss maintenance and improving metabolic outcomes following bariatric surgery.
Patients and Methods: 
This prospective comparative study was conducted on 60 patients, aged 20 to 60 years of both sexes, who were post-bariatric patients seeking body contouring surgery. The study was conducted from 2021 to 2025 after approval from the Ethical Committee of Assiut University Hospitals, Assiut, Egypt. Informed written consent was obtained from the patients. Post-bariatric (sleeve) patients who had been stable within 5 kg for 3 months underwent body contouring surgery, and the patients followed a fixed determinant diet.
Exclusion criteria were patients aged below 20 and above 60 years old, non-compliance with the fixed diet, psychotic patients, female patients seeking pregnancy, endocrine causes of obesity, and bariatric surgery other than sleeve. This cohort of patients was then matched and compared with a 1:1 control group of patients who had undergone bariatric surgery alone. Matching was based on age, gender, BMI at the time of bariatric surgery, type of bariatric surgery procedure, and length of follow-up. The patients were subsequently divided into two groups: Group A, consisting of patients who underwent post-bariatric body contouring procedures; and Group B, serving as the control group of patients who did not undergo body contouring surgery. All patients were subjected to full history taking, laboratory investigations [complete blood count (CBC), blood urea (UR) and serum creatinine (CR), lipid profile and random blood sugar (RBS)) was done at baseline (time 0 ), 3 and 6 months after.  Post-bariatric body metabolism was evaluated by measuring tumor necrosis factor-alpha (TNF-α), high-sensitivity C-reactive protein (hsCRP), and B-type natriuretic peptide (BNP) at baseline, and at 3 and 6 months after. Patient satisfaction score from 1 to 5 done 2 months post body contouring surgery. 
Procedures data:
Demographic data, type of bariatric surgery, type of plastic operation, age of patient and timing of applying the methodology
Post-procedure data
Weight changes, patients’ satisfaction score and patient metabolism by hsCRP, TNF-α and BNP. 
Evaluation of the patients:
Patient weight and BMI: Documentation of the patient’s weight and BMI 3 and 6 months after the baseline (time 0).
Patient satisfaction score: patient satisfaction score from 1 to 5 done 2 months post body contouring surgery.
To assess patient metabolism, levels of tumor necrosis factor-alpha (TNF-), high-sensitivity C-reactive protein (hs-CRP), and brain natriuretic peptide (BNP) were measured at the baseline, as well as at 3 and 6 months after. Additionally, routine laboratory investigations—including complete blood count (CBC), urea and creatinine (UR & CR), lipid profile, and random blood sugar (RBS)—were performed at the same time point
The primary contouring procedures were analyzed, including panniculectomy, abdominoplasty, and lower body lift. Brachioplasty, mastopexy with breast reduction or augmentation, arm and thigh lift, liposuction, facelift, and pubic/genital plasty procedures were identified and considered as other procedures. 
[bookmark: _Ref85388697][bookmark: _Ref85388685]Results:
Baseline characteristics were insignificantly different between both groups. Weight and BMI were insignificantly different preoperative between both groups and were significantly lower at (3months and 6months) in group A than group B (<0.05). Table 1
Table 1: Baseline characteristics, weight and BMI of the studied groups
	
	Group A (n=30)
	Group B (n=30)
	P

	Age (years)
	41.13±10.05
	40.73 ± 11.43
	0.886

	[bookmark: _Hlk141266710]Sex
	Male
	7 (23.33%)
	13 (43.33%)
	0.100

	
	Female
	23 (76.67%)
	17 (56.67%)
	

	Weight (kg)
	94.3±12.41
	96.17±6.7
	0.471

	Height (cm)
	165.03 ± 6.66
	164.4 ± 4.81
	0.674

	[bookmark: _Hlk141267089]BMI (kg/m2)
	34.89±5.99
	35.65±2.98
	0.533

	Excised weight (kg)
	3.4 ± 0.83
	--
	--

	Type of plastic operation
	Abdominoplasty
	21 (70%)
	---
	---

	
	Thigh lift
	9 (30%)
	---
	

	Hb (g/dl)
	13.29±0.92
	13.18±0.92
	0.654

	Platelet (×10³/µL)
	277.23±47.24
	284.97±50.77
	0.544

	Prothrombin time (sec)
	12.62±0.64
	12.87±0.54
	0.117

	Urea (mg/dl)
	28.93±6.11
	29.87±6.92
	0.582

	Creatinine (mg/dl)
	0.88±0.2
	0.87±0.22
	0.857

	Total cholesterol (mg/dl)
	178±25.05
	187.53±21.78
	0.121

	Triglyceride (mg/dl)
	170.73±31.49
	178.43±32.29
	0.354

	HDL (mg/dl)
	43.8±8.21
	44.6±7.17
	0.689

	LDL (mg/dl)
	110.77±17.07
	114.37±18.55
	0.437

	TNF-α (pg/ml)
	8.62±1.56
	9.07±2
	0.335

	hsCRP (mg/L)
	1.13±0.75
	1.23±1
	0.642

	BNP (pg/ml)
	64±18.87
	59.03±18.13
	0.303

	Weight (kg)
	Baseline (0)
	(94.3±12.41
	96.17±6.7
	0.471

	
	3months
	89.4±12.44
	96.27±6.87
	0.01*

	
	6months
	86.3±12.08
	96.67±6.93
	<0.001*

	BMI (kg/m2)
	Baseline (0)
	34.89±5.99
	35.65±2.98
	0.533

	
	3months
	33.07±5.93
	35.7±3.05
	0.035*

	
	6months
	31.93±5.75
	35.85±3.09
	0.002*


Data were presented as mean ± SD or frequency (%). *Significantly different P value ≤ 0.05. BMI: Body mass index, Hb: Hemoglobin, HDL: High-Density Lipoprotein Cholesterol, LDL: Low-Density Lipoprotein Cholesterol, TNF-α: Tumor Necrosis Factor-alpha, hsCRP: High-Sensitivity C-Reactive Protein, BNP: B-type Natriuretic Peptide, BMI: Body mass index.
Basal metabolic rate was insignificantly different at baseline and 3months between both groups. Basal metabolic rate at 6 months was significantly lower in group A than group B (P<0.05). Table 2
Table 2: Basal metabolic rate of male and female patients
	
	Group A (n=7)
	Group B (n=13)
	P

	Basal metabolic rate of male
	Baseline (0)
	1753.93±166.95
	1801.92±97.71
	0.424

	
	3months
	1702.5±168.99
	1798.08±98.34
	0.124

	
	6months
	1678.21±165.17
	1802.69±101.79
	0.050*

	
	Group A (n=23)
	Group B (n=17)
	

	Basal metabolic rate of female
	Baseline (0)
	1613.84±127.03
	1625.53±70.79
	0.735

	
	3months
	1565.58±126.75
	1620.47±61.8
	0.109

	
	6months
	1532.53±123.24
	1633.76±69.14
	0.004*


Data were presented as mean ± SD; *Significantly different P value ≤ 0.05. 
Hb, platelet and prothrombin time, urea and creatinine were insignificantly different at baseline, 3 months and 6 months between both groups.  Total cholesterol, triglyceride and LDL were insignificantly different at baseline between both groups and was significantly lower at (3months and 6months) in group A than group B (P <0.05). HDL was insignificantly different at baseline between both groups and was significantly higher at 3 and 6 months in group A than group B (P<0.05). All patients through the follow up was in normal range but TNF-α and hsCRP was insignificantly different at baseline between both groups and was significantly lower at (3months and 6months) in group A than group B (P <0.05).  All patients through the follow up was in normal range and BNP was insignificantly different at baseline,  3 and 6 months after between both groups. 
Table 3: Hb, platelet, prothrombin time, urea, creatinine, lipid profile, TNF-α, hsCRP, and BNP of the studied groups
	
	Group A
(n=30)
	Group B
(n=30)
	P

	Hb (g/dl)
	Baseline (0)
	13.29±0.92
	13.18±0.92
	0.654

	
	3months
	13.62±0.92
	13.49±0.92
	0.596

	
	6months
	13.6±0.93
	13.5±0.93
	0.688

	Platelet (×10³/µL)
	Baseline (0)
	277.23±47.24
	284.97±50.77
	0.544

	
	3months
	271.53±47.13
	280.47±50.75
	0.483

	
	6months
	267.23±47.61
	276.57±50.78
	0.466

	Prothrombin time (sec)
	Baseline (0)
	12.62±0.64
	12.87±0.54
	0.117

	
	3months
	12.49±0.61
	12.72±0.56
	0.140

	
	6months
	12.17±0.64
	12.38±0.53
	0.188

	Urea (mg/dl)
	Baseline (0)
	28.93±6.11
	29.87±6.92
	0.582

	
	3months
	29.63±6.02
	30.3±7.16
	0.698

	
	6months
	27.4±6.31
	28.47±7.03
	0.539

	Creatinine (mg/dl)
	Baseline (0)
	0.88±0.2
	0.87±0.22
	0.857

	
	3months
	0.8±0.23
	0.79±0.23
	0.780

	
	6months
	0.72±0.23
	0.76±0.24
	0.586

	Total cholesterol (mg/dl)

	Baseline (0)
	178±25.05
	187.53±21.78
	0.121

	
	3months
	170.43±25.52
	184.7±21.98
	0.024*

	
	6months
	164.47±25.1
	181.8±21.72
	0.006*

	Triglyceride (mg/dl)

	Baseline (0)
	170.73±31.49
	178.43±32.29
	0.354

	
	3months
	158.3±29.85
	175.43±32.78
	0.039*

	
	6months
	150.73±29.87
	172.37±32.31
	0.009*

	HDL (mg/dl)

	Baseline (0)
	43.8±8.21
	44.6±7.17
	0.689

	
	3months
	53.47±7.62
	48.4±7.46
	0.012*

	
	6months
	58.8±8.22
	51.6±6.93
	<0.001*

	LDL (mg/dl)

	Baseline (0)
	110.77±17.07
	114.37±18.55
	0.437

	
	3months
	98.87±14.7
	117.97±18.76
	<0.001*

	
	6months
	91.3±14.72
	121.53±18.63
	<0.001*

	TNF-α (pg/ml)

	Baseline (0)
	8.62±1.56
	9.07±2
	0.335

	
	3months
	5.84±1.43
	6.93±1.35
	0.004*

	
	6months
	5.3±1.76
	6.86±1.4
	<0.001*

	hsCRP (mg/L)

	Baseline (0)
	3.94±1.23
	4.35±1.31
	0.220

	
	3months
	1.61±0.79
	2.07±0.66
	0.018*

	
	6months
	1.23±0.91
	2.03±0.64
	<0.001*

	BNP (pg/ml)

	Baseline (0)
	64±18.87
	59.03±18.13
	0.303

	
	3months
	70.07±19.14
	63.4±17.72
	0.167

	
	6months
	75.13±19.01
	69.33±18.13
	0.231


Data were presented as mean ± SD; *Significantly different P value ≤ 0.05. Hb: Hemoglobin. TNF-α: Tumor necrosis factor-alpha, hsCRP: High-sensitivity C-reactive protein, BNP: B-type Natriuretic Peptide. high-density lipoprotein cholesterol (HDL), LDL = Low-Density Lipoprotein Cholesterol, and hsCRP = High-Sensitivity C-Reactive Protein

Patient satisfaction was extremely satisfying in 12 (40%) patients, satisfied in 8 (26.67%) patients, neutral in 7 (23.33%) patients, dissatisfied in 2 (6.67%) patients, and extremely unsatisfied in 1 (3.33%) patient. Table 3
[bookmark: _Toc225933353]Table 4: Patient satisfaction of group A
	
	N=30

	Extremely satisfied
	12 (40%)

	Satisfied
	8 (26.67%)

	Neutral
	7 (23.33%)

	Unsatisfied
	2 (6.67%)

	Extremely unsatisfied
	1 (3.33%)


Data were presented as number (%)




Discussion
[bookmark: _Hlk535994018]Bariatric surgery has proven to be an effective treatment option for obesity and its associated health complications, resulting in significant weight loss and overall health improvement [11]. 
The present study demonstrated that both groups were well matched at baseline, with no significant differences in demographic, clinical, or laboratory parameters. Although baseline weight, BMI, and BMR were comparable between the groups, Group A exhibited significantly lower weight and BMI at 3 and 6 months postoperatively. Moreover, BMR became significantly lower in Group A at 6 months. These findings suggest that Group A achieved greater postoperative weight loss and more pronounced metabolic adaptation compared with Group B. In accordance with our findings, Tizmaghz et al. [12] highlighted that BMR, and serum albumin in obese people following bariatric surgery, excessive loss of lean body mass will also lower BMR and lead to subsequent weight gain. BMR was significantly reduced during the follow-up. 
In our results, total cholesterol, triglycerides, HDL, and LDL levels were comparable between both groups at baseline, with no statistically significant differences. However, at 3 and 6 months after, group A demonstrated significantly better lipid profile outcomes than group B, including lower total cholesterol and triglyceride levels, significantly higher HDL levels, and significantly lower LDL levels, indicating a more favorable improvement in lipid metabolism over time.
In the present study, all patients maintained normal values throughout follow-up. At baseline, there were no significant differences between the two groups in TNF-α or hsCRP levels. However, during the 3 and 6 months after, patients in Group A (who underwent body contouring) demonstrated significantly lower TNF-α and hsCRP levels than those in Group B, indicating a favorable reduction in inflammatory markers associated with the body contouring procedures. The observed reduction in TNF-α and hsCRP levels in patients who underwent post-bariatric body contouring surgery can be explained by the anti-inflammatory effects of sustained weight loss and improved metabolic homeostasis following surgery. Adipose tissue, particularly visceral fat, is an active endocrine organ that secretes pro-inflammatory cytokines such as TNF-α and contributes to systemic inflammation. Reduction in adipose mass decreases macrophage infiltration and inflammatory cytokine production, thereby lowering circulating TNF-α levels. Similarly, hsCRP, a sensitive marker of systemic inflammation produced by the liver in response to cytokine signaling (especially IL-6 and TNF-α), decreases as inflammatory stimuli diminish. Improved insulin sensitivity and reduced oxidative stress after significant weight reduction further contribute to the attenuation of chronic low-grade inflammation [13, 14]. Collectively, these mechanisms reflect a shift toward a less inflammatory metabolic state in patients following body surgery. This was aligned with Badran et al. [15] observed significant reductions in TNF‑α and other pro‑inflammatory cytokines up to 6 months after surgery, consistent with lower systemic inflammation following adipose tissue reduction.
In our results, all patients throughout follow-up were within the normal range, and BNP was not significantly different at baseline, at 3 months, or at 6 months between the groups.
The finding that BNP levels remained within the normal range and showed no statistically significant differences between the two groups at baseline, 3 months, and 6 months suggests that post-bariatric body contouring surgery does not adversely affect cardiac function or myocardial stress. BNP is a sensitive biomarker of ventricular wall strain and is typically elevated in conditions associated with heart failure or fluid overload [16]. Since all patients had normal BNP values throughout follow-up, this indicates preserved cardiac status in both groups and reflects that neither bariatric-related metabolic changes nor body contouring surgery introduced additional cardiovascular burden [17]. This was agreed with Snelder et al. [17] concluded that NT‑proBNP (a close correlate of BNP) remained within a range indicating preserved cardiac function in most patients, suggesting natriuretic peptides may not change dramatically in stable surgical populations. In the same context, Poh et al. [18] proved that although weight and body composition changed markedly, endogenous BNP levels did not significantly differ pre‑ and post‑surgery. 
In the current study, patient satisfaction was extremely satisfied in 12 (40%) patients, satisfied in 8 (26.67%) patients, neutral in 7 (23.33%) patients, unsatisfied in 2 (6.67%) patients and extremely unsatisfied in 1 (3.33%) patient. In the same line, Mokhtar et al. [19] found that body image, physical, psychological, sexual, and social function scores were significantly higher than those of those who only had bariatric surgery, indicating better overall satisfaction. In addition, Shehab et al.[20] revealed that most patients rated their satisfaction as excellent or high, supporting high satisfaction rates. According to Dalaei et al. [21] mentioned that patients who received body contouring after bariatric surgery maintained higher satisfaction and quality‑of‑life scores over time, while those without contouring saw a decline. 
Limitations  of this study included that single-center study that may yield findings different from those elsewhere; follow-up was limited to 6 months, so long-term effects of body contouring on weight maintenance, metabolism, inflammatory markers, and patient satisfaction could not be assessed.
Conclusions:
Post-bariatric body contouring surgery was associated with enhanced weight-loss maintenance, significant improvements in inflammatory and lipid markers, and high patient satisfaction. These benefits were achieved without adverse effects on hematological, coagulation, renal, or cardiac biomarkers, supporting the procedure's safety. Body contouring surgery may play a valuable role in optimizing long-term metabolic outcomes and promoting sustained weight reduction following bariatric surgery.
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