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Abstract: This prospective follow-up study was designed to evaluate the metabolic changes in 

patients undergoing gastric sleeve surgery. The results reported a substantial improvement at (p ≤ 

0.05) in the level of T-AOC in the G3 (after 8 months) when compared with G1 (after 3 months) and 

G2 (after 6 months). A considerable diminution at (p ≤ 0.05) in the level of TOS was also detected in 

the third group versus G1and G2 groups. Moreover, the levels of appetite regulating hormones, 

including ghrelin and leptin showed a significant decrease at (p ≤ 0.05) in the levels of these 

hormones in G3 group when compared with the G1and G2 groups. These data imply a progressive, 

time- dependent improvement in redox balance and hormonal variation in patients over time 

following sleeve gastrectomy. 
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1. Introduction 

Obesity is a changeable variable pathophysiological state marked by not only by 

adipose tissue expansion but also by significant dysregulation in hormonal regulation, 

inflammatory signaling, and antioxidant-oxidant equilibrium. persistent subclinical 

inflammation and increased oxidative stress are cardinal characteristics of obesity, 

underpinning impaired insulin sensitivity metabolic impairment, and the advancement 

of obesity-related concurrent disorders [1]. Adipose tissue serves as a dynamic secretory 

organ and immunological organ, elaborating a wide range of adipose-derived mediators 

that impair whole-body metabolic equilibrium [2]. Among the key mediators involved in 

obesity-associated metabolic dysregulation are orexigenic/anorexigenic mediators and 

inflammatory interleukins[3]. Leptin, produced by adipocytes, has been correlated with 

adiposity and influences satiety-related pathways [4], [5]. Ghrelin, the peptide responsible 

for hunger sensation and predominantly produced in the fundic region of the stomach, 

plays the central role in the stimulation of hunger and energy balance. The effects of 

excessive calorie ingestion and the development of adiposity are the result of the 

disruption in the production of ghrelin and the development of resistance to the action of 

leptin[6]. In this context, immune-activating factors such as interleukin-17 (IL-17) and 

interleukin-34 (IL-34) are now recognized to be the key factors in the development of 

obesity-related inflammatory conditions, which facilitate the activation of leukocytes and 

the deterioration of adipose tissue [7], [8]. The second important factor in the development 

of obesity-related pathological conditions is oxidative stress. Adipose tissue expansion 

and Nutrient overload amplify reactive oxygen species generation, while weakening 

antioxidant defenses, which causes cytotoxic injury and further potentiation of 

inflammatory pathways[9]. An imbalance between oxidant and antioxidants worsens 
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metabolic disorders and accelerates cardiovascular problems linked to obesity [10]. one of 

the most efficacious treatment modalities for severe obesity is gastric sleeve procedure, 

through which significant and long-term weight reduction [11]. This procedure not only 

reduces food intake but also triggers important hormonal and inflammatory changes[12]. 

Ghrelin secretion is decreased by the removal of gastric fundus, while fat loss improves 

leptin levels reduces systematic inflammation and enhances oxidative balance[13]. 

However, the chronological progression of these functional modifications remains 

insufficiently characterized. While few studies have reported metabolic improvements 

following bariatric surgery, majority of these studies depend on brief evaluation periods 

or focus on individual biochemical markers. Insufficient data is available from prospective 

sequential studies that concurrently assess hormonal, inflammatory, and oxidative stress 

markers at sequential assessment intervals [14], [15]. Such an in-depth time-dependent 

assessment is of vital importance in order to comprehend the progression, sustainability, 

and interrelation of metabolic recovery mechanisms in patients undergoing sleeve 

gastrectomy surgery. Accordingly, the novelty of the present study is based on the unified 

prospective assessment of appetite-regulating hormones (ghrelin and leptin), pro-

inflammatory interleukins (IL-17 and IL-34), and markers of oxidative stress during the 

navigation time points (3, 6, and 8 months) after sleeve gastrectomy surgery. This study 

aims to clearly describe how metabolic recovery change over time and to better 

understanding the hormonal, inflammatory, and oxidative changes caused by bariatric 

surgery. A detailed time-course course of metabolic recovery is provided, and the 

coordinated endocrine adaptations, and inflammatory are examined to explain how they 

are triggered by the surgery.  

 

2. Materials and Methods 

Study Population 
A total of (90) participants were divided into groups based on the length of their follow-

up; the same patients were followed at: 

 G1(3 months group no 30), G2(6 months group no 30) and G1(8 months group no 30) 

Inclusion criteria included adult's men aged (18–40) years. 

Exclusion criteria included chronic inflammatory diseases, malignancy, renal or hepatic 

failure, and use of anti-inflammatory or hormonal medications. 

Biochemical and Hormonal Analysis 

 Hormonal parameters: Leptin and Ghrelin were measured using ELISA kits (Melsin) 

according to the manufacturer’s instructions. Sensitivity, the minimum detectable dose of 

Interleukin 34 (IL-34) is typically less than 10 pg/mL. 

 Inflammatory markers: IL-17 and IL-34 were quantified using sandwich ELISA 

technique (Melsin). 

    Sensitivity, the minimum detectable dose of Interleukin 17 (IL-17) is typically less than 

1.0 pg/mL. 

TOS determination using Erel method and T-AOC determination using solarbio kit 

ELISA. 

 

3. Results and Discussion 

Table 1: Comparison of Follow-up T-AOC, TOS in Bariatric Surgery group at 3, 6, and 8 

months, different letters indicate statistically significant differences between groups  

(P-Value ≤ 0.05). 

 

 

 

 

 

 

 

 

Parameters 
(Mean±SD) 

P-Value 
3 months(G1) 6 months(G2) 8 months(G3) 

T-AOC(µmol/ml) 0.093 ± 0.011 
a
 0.126 ± 0.0163 

a
 1.004 ± 0.680 

b
 

G1 VS G2 0.851 

G1 VS G3 0.000 

G2 VS G3 0.000 

TOS(µmol/l) 40.874 ± 6.298 
a
 23.433 ± 7.152 

b
 6.543 ± 3.355 

c
 

G1 VS G2 0.000 

G1 VS G3 0.000 

G2 VS G3 0.000 
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The data demonstrated of Table (1) showed a meaningful statistical variation increase in 

T-AOC levels in period of 8 months against (3,6 months), while marked reduction in TOS 

levels in period of 8 months when compared with (6,8 months), as presented in Fig (1), 

these findings stem from a surgical recovery associated decline in redox imbalance across 

postoperative intervals, which might be explained by body weight reduction, enhanced 

metabolic regulation, and reduced adipose mediated reactive oxygen species generation. 

Initial post-surgical intervals often show a state of augmented pro-oxidant activity, as seen 

in surgical trauma and acute metabolic responses, consistent with the observed increase 

in Total Oxidant Status (TOS) levels at 3 months. Conversely, Total Antioxidant Capacity 

(T-AOC) levels are seen to decrease within the first 3 months and increase at 6 and 8 

months, peaking at 8 months. The increase in T-AOC levels may be attributed to the 

enhancement of antioxidant defense mechanisms, as seen in the alleviation of generalized 

inflammatory responses, nutritional improvements, and metabolic regulation, all of 

which are consequences of significant weight loss. The temporal profile of T-AOC in the 

postoperative period after bariatric surgery reveals time-dependent variations within the 

different periods of follow-up. In the early postoperative period, there were decreased T-

AOC levels, as seen in rapid weight loss, metabolic adaptation, and surgical stress. 

However, at around 8 months, T-AOC levels increase because of improved nutritional 

uptake, redox balance, and enhancement of antioxidant defense mechanisms. The time-

dependent variations of T-AOC are seen, as levels initially decrease because of metabolic 

strain and then increase because of nutritional improvements and enhancement of 

antioxidant defense mechanisms. 
This progression of events may be attributed to prospective studies that show progressive 

improvements in redox balance within mid-range periods of follow-up after bariatric 

surgery, as seen in this study, and the need for continuous monitoring of redox status to 

assess metabolic improvements. This study supports previous evaluations, as seen in 

previous studies [14], [16], [14], [17], [2], [3], [18], [19], [20], [21], [22], 

[18]. 

 

 

 

 

Figure (1): Longitudinal changes in T-AOC, TOS at 3, 6, and 8 months 

following bariatric surgery. 
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Table 2: Comparison of Follow-up Ghrelin,Leptin levels in Bariatric Surgery group at 3, 6, 

and 8 months, different letters indicate statistically significant differences between groups 

(P-Value ≤ 0.05). 

 

As shown in the results presented in Table 2, there was a significant reduction in 

ghrelin and leptin levels sequentially in all intervals of time, i.e., 3, 6, and 8 months, as 

shown in Figure 2. The Ghrelin level decreased from the third month to the sixth month, 

and this reduction continued up to the eighth month. The ghrelin hormone level 

continued to decrease, and this reduction in ghrelin levels is attributed to long-term 

structural and functional changes in the stomach. The ghrelin hormone level continues to 

decrease as a long-term adaptation to maintain appetite and stabilize weight, as shown in 

references [23], [24], and [25]. 

As shown in the results, the leptin hormone level decreased from the third month to 

the sixth month and then to the eighth month. In the third month, the leptin hormone level 

was high, and this high level of leptin persisted up to the sixth month. The leptin hormone 

level decreased significantly from the sixth month to the eighth month, and this reduction 

in the leptin hormone level is attributed to long-term adaptation and significant loss of 

body fat and improvement in insulin levels, as shown in references [26], [27], [28], and 

[29]. 

As shown in the results, bariatric surgery affects hormonal levels, and this effect of 

bariatric surgery on hormonal levels is shown by the gradual reduction in ghrelin and 

leptin hormone levels. The gradual reduction in ghrelin and leptin hormone levels helps 

in the adaptation of the body and maintains a stable weight. The reduction in ghrelin, i.e., 

the hunger hormone, and the normalization of leptin, i.e., the satiety hormone, help in 

maintaining a stable hormonal environment and result in long-term weight loss and a 

reduced tendency for weight regain. A coordinated endocrine remodeling is observed, 

where orexigenic signaling is reduced and satiety signaling is improved, resulting in 

better long term metabolic outcomes. 

 

Figure (2): changes in Ghrelin and Leptin at 3, 6, and 8 months following bariatric 

surgery. 

Parameters 
(Mean±SD) 

P-Value 
3 months(G1) 6 months(G2) 8 months(G3) 

Ghrelin 

(pg/ml) 
201.750±40.638 a 144.250±16.459 b 101.250±18.228 c 

G1 VS G2 0.000 

G1 VS G3 0.000 

G2 VS G3 0.002 

Leptin 

(ng/ml) 
37.822±7.732 a 22.770±3.787 b 12.655±1.794 c 

G1 VS G2 0.000 

G1 VS G3 0.000 

  G2 VS G3 0.000 
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Table 3: Comparison of Follow-up IL‑17,IL-34 levels in Bariatric Surgery group at 3, 

6, and 8 months, different letters indicate statistically significant differences between 

groups (P-Value ≤ 0.05). 

 

 

 

 

 

 

 

 

 

 

 

The present study established statistically meaningful variations and reductions in IL-

17 and IL-34 levels at each postoperative period interval (3, 6, and 8 months), with 

between-group analyses showing significant differences (p ≤ 0.05), as indicated in Fig (3). 

Obesity-associated inflammation and acute post-surgical immune and metabolic stress, 

reflecting residual at 3 months post-surgery, IL-17 and IL-34 levels remained relatively 

elevated. Fat tissue restructuring and immune readjustment are not yet fully achieved at 

this initial postoperative stage, while substantial weight loss has been initiated. 

Both cytokines showed a marked reduction by 6 months, indicating significant 

attenuation of generalized inflammatory activity. This diminishment aligns with 

continuous fat mass reduction, recovered insulin pathway activity, and decreased 

macrophage activation and T-helper 17 cell-mediated response throughout adipose tissue.  

The midterm attenuation demonstrates that bariatric surgery induces effective 

immuno-physiological reorganization independent of simple caloric restriction. IL-17 and 

IL-34 achieved minimum recorded measurements and observed values at 8 months, 

approximating levels typically observed in non-obese individuals or physically active 

individuals. This substantial reduction reflects that immuno-physiological homeostasis 

has been reinstated and sustained immunological stimulation has undergone marked 

suppression; this result assessment with [30] [31]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): changes in IL-17, IL-34 at 3, 6, and 8 months following bariatric surgery. 

 

4. Conclusion 

This longitudinal follow-up study offers substantial evidence that bariatric surgery, 

or specifically sleeve gastrectomy, results in progressive and coordinated improvements 

in oxidative stress status, hormonal regulation, and inflammation. An increase in total 

antioxidant capacity (TAOC) with a significant decrease in total oxidant status (TOS), with 

significant improvements evident by the eighth month post-operatively, indicates 

progressive improvements in oxidative stress status. These findings also confirm that 

resolution of oxidative stress following bariatric surgery is time dependent. 

 

Parameters 
(Mean±SD) 

P-Value 
3 months(G1) 6 months(G2) 8 months(G3) 

IL-17 

(pg/ml) 
212.499±72.943 a 62.286±25.964 b 14.539±7.127 c 

G1 VS G2 0.000 

G1 VS G3 0.000 

G2 VS G3 0.025 

IL-34 

(pg/ml) 
297.572±140.677 a 113±39.414 b 23.857±9.736 c 

G1 VS G2 0.000 

G1 VS G3 0.000 

  G2 VS G3 0.026 

 



 575 
 

  
Central Asian Journal of Medical and Natural Science 2026, 7(3), 570-576                                https://cajmns.casjournal.org/index.php/CAJMNS 

Significant decreases in ghrelin and leptin levels were evident at the 3-month, 6-

month, and 8-month follow-ups. The progressive decrease in leptin levels is consistent 

with adipose tissue loss and increased sensitivity to leptin. The suppression of ghrelin 

levels is consistent with the resection of the gastric fundus. This suppression is likely 

responsible for long-term regulation of appetite. The suppression of ghrelin levels is also 

likely responsible for long-term regulation of appetite. 
Bariatric surgery also had a significant anti-inflammatory effect, with significant 

decreases in pro-inflammatory cytokines IL-17 and IL-34. By the 8th month post-

operatively, cytokine levels returned almost to normal levels, indicating effective 

immunometabolism reprogramming with almost complete resolution of inflammation. 

These findings demonstrate the advantages of bariatric surgery for multi-system, 

including oxidative, inflammatory, and endocrine pathways, in addition to weight loss. 

The longitudinal approach used in this study captures the temporal dynamics of 

metabolic recovery and highlights the importance of extended postoperative observation. 

The combined assessment of biomarker provides important insight into how metabolic 

improvement continuous over time, showing that Bariatric surgery is a powerful 

treatment for long-term obesity management. Important mechanistic insights are also 

provided through biomarker evaluation, and long-term metabolic improvement is 

supported by bariatric surgery as an effective intervention.  
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