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            Abstract

            
               
Background: This study assessed the serum leptin concentrations for development of gestational diabetes mellitus. 

               Materials and Methods: This is a case-control study, included 120 participants (60: Gestational Diabetes Mellitus Cases and 60: Healthy Controls).
                  We assed BMI, FBS, HbA1c, Lipid Profile and serum leptin. 
               

               Results: The serum leptin concentrations were significantly elevated in patients with gestational diabetes mellitus when compared to
                  controls (P=0.001**). There was a significant positive correlation between the serum leptin and BMI, FBS, HbA1c, Total Cholesterol
                  and LDL (P=0.001**). 
               

               Conclusion: Based on study findings, significant elevated levels of serum leptin might be served as a marker for detection of gestational
                  diabetes mellitus.
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               Introduction

            Gestational Diabetes Mellitus (GDM) is one of the most prevalent conditions associated with pregnancy, and if untreated it
               can have a major negative impact on both the mother's and the child's health.1, 2 It affects 3-8% of pregnancies and is defined by glucose intolerance identified during pregnancy due to obesity risk. Around
               thirteen to fourteen (13-14%) of pregnant women are getting converted to GDM and it is characterized insulin resistance and
               b-cell dysfunction.3, 4 The etiology of GDM remains poorly understood. The most widely accepted explanation states that human placental lactogen,
               prolactin, glucocorticoids, and progesterone all of which are released by the placenta during pregnancy cause GDM by lowering
               insulin sensitivity and boosting anti-insulin hormones.5

            Adipocytes produce adipocytokines likes leptin that contribute to energy balance, metabolism of glucose and insulin. According
               to certain research, leptin may also play a major role in controlling the body's overall glucose homeostasis. Leptin may therefore
               play a significant role in the onset and prognosis of GDM.6 According to certain research, there is a favorable relationship between plasma leptin concentrations and both direct and
               indirect markers of obesity. Leptin levels rise in expectant mothers who have altered maternal fat reserves and glucose metabolism.
               The concentration of leptin in mothers rises two to three times higher than in non-pregnant women, peaking at 28 weeks of
               gestation.7, 8

            According to certain clinical research, that an increase of adipocyte leptin production in the context of rising insulin resistance
               and hyperinsulinemia in the second half of pregnancy may be the cause of rising maternal plasma leptin.9 Studies have demonstrated that leptin directly influences the body's sensitivity to insulin by controlling the skeletal muscle's
               ability to utilize insulin to metabolize glucose and by controlling the liver's gluconeogenesis.10, 11, 12 According to certain research, leptin has an immediate inhibitory effect on insulin secretion. Vast epidemiological investigations
               have demonstrated a favorable correlation between men's and non-pregnant women's plasma leptin concentrations and insulin
               resistance.13, 14 All things considered, the information at hand points to a complicated relationship between human glucose homeostasis and
               leptin.15 To the best of our knowledge, maternal leptin concentrations in women with GDM have only been investigated by two research
               teams, and the associated published results are inconsistent. However, it is unclear from the data at hand whether the changes
               in leptin concentrations are a cause or an effect of the inherent metabolic abnormalities associated with GDM. Hence, the
               present study aimed to evaluate the role of serum leptin in patients with gestational diabetes mellitus.
            

         

         
               Materials and Methods

            This case control study conducted at the Haveri Institute of Medical Sciences, Haveri, Karnataka between December 2022 to
               January 2024. A total sixty (n=60) patients diagnosed with gestational diabetes mellitus (GDM) and sixty (n=60) healthy volunteers
               were considered as controls. 
            

            
                  Inclusion criteria

               The study subjects age between 20 to 35 and diagnosed with gestational diabetes mellitus according to International Diabetic
                  Federation (IDF) criteria. 
               

            

            
                  Exclusion criteria

               The subjects with other types of diabetes, Non-Diabetic Renal Disease, Urinary Tract Infections, Thyroid and liver disease,
                  Macrovascular complications such as cardiovascular, cerebrovascular and peripheral vascular diseases and whoever is not willing
                  to participate in the study were excluded. The study was conducted after approval of Institutional Ethics Committee (IEC)
                  and also the study participants was recruited after informed consent form. 
               

               Seven (7) ml of overnight fasting blood sample was collected from all the subjects into two tubes: 2 ml transferred into a
                  fluoride tube, 2 ml transferred into ethylene diamine tetra acetic acid and remaining 3 ml transferred into plain tube. The
                  plasma and serum samples were separated by using centrifuge 3000 rpm for 10 mins and immediately transferred into properly
                  labelled aliquots until analysis was done. 
               

               The fasting blood sugars (FBS) was estimated by using glucose oxidase peroxidase method, triglycerides (TGL), total cholesterol
                  (TC), was analyzed by enzymatic method, high density lipoprotein was determined by using selective inhibitory method, very
                  low-density lipoproteins and low-density lipoproteins were calculated by friedewald’s formula. The serum leptin concentrations
                  were determined by enzyme linked immunosorbent assay. 
               

            

            
                  Statistical analysis 

               For continuous data, the presentation of characteristics was represented mean and standard deviation (SD). The comparison
                  between the groups by using analysis of variance (ANOVA). The Pearson’s correlation analysis was used to correlate between
                  the variables and the scatter plots was constructed between the variables. The microsoft excel spread sheets and SPSS windows
                  version 20.0. The P-value is < 0.05 considered statistically significant. 
               

            

         

         
               Results

            Table  1 shows the comparison of study variables between the cases and controls. The age and BMI showed a statistically significant
               between cases and controls (P=0.001**). There is a significantly increased levels of FBS, HbA1c, total cholesterol and LDL
               in cases when compared to controls (P=0.001**). The significant increase levels of serum Leptin in cases is observed when
               compared to controls (P=0.001**). Additionally, TGL, HDL and VLDL are not showing significant values between cases and controls.
            

            
                  
                  Table 1

                  Comparison of study variables between the cases and controls 

               

               
                     
                        
                           	
                              
                           
                            Parameters

                           
                        
                        	
                              
                           
                            Controls

                           
                        
                        	
                              
                           
                            Cases 

                           
                        
                        	
                              
                           
                            P-Values

                           
                        
                     

                     
                           	
                              
                           
                            Age 

                           
                        
                        	
                              
                           
                            25.45

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            2.53

                           
                        
                        	
                              
                           
                            30.77

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            2.35

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            BMI

                           
                        
                        	
                              
                           
                            22.75

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            2.00

                           
                        
                        	
                              
                           
                            35.09

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            2.57

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            FBS

                           
                        
                        	
                              
                           
                            98.12

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            8.52

                           
                        
                        	
                              
                           
                            169.65

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            73.13

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            HbA1c

                           
                        
                        	
                              
                           
                            4.25

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            0.50

                           
                        
                        	
                              
                           
                            8.68

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            0.40

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            TGL

                           
                        
                        	
                              
                           
                            186.30

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            39.28

                           
                        
                        	
                              
                           
                            194.18

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            59.61

                           
                        
                        	
                              
                           
                            0.394

                           
                        
                     

                     
                           	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            150.53

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            26.11

                           
                        
                        	
                              
                           
                            223.98

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            126.73

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            37.98

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            10.89

                           
                        
                        	
                              
                           
                            38.25

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            8.71

                           
                        
                        	
                              
                           
                            0.882

                           
                        
                     

                     
                           	
                              
                           
                            VLDL

                           
                        
                        	
                              
                           
                            37.26

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            7.86

                           
                        
                        	
                              
                           
                            38.84

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            11.92

                           
                        
                        	
                              
                           
                            0.394

                           
                        
                     

                     
                           	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            75.29

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            29.84

                           
                        
                        	
                              
                           
                            146.90

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            126.96

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            Serum Leptin 

                           
                        
                        	
                              
                           
                            9.68

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            3.74

                           
                        
                        	
                              
                           
                            35.10

                           
                        
                        	
                              
                           
                            ±

                           
                        
                        	
                              
                           
                            4.35

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                  
               

            

            
               
               
               
            

            Table  2 shows the correlation of serum leptin with study variables. The serum Leptin was positively correlated with BMI, FBS, HbA1C,
               TC and LDL. There is no significant correlation between Leptin and TGL, HDL, VLDL.
            

            
                  
                  Table 2

                  Correlation of serum leptin with other study variables 

               

               
                     
                        
                           	
                              
                           
                            Parameter

                           
                        
                        	
                              
                           
                            Leptin

                           
                        
                     

                     
                           	
                              
                           
                            R

                           
                        
                        	
                              
                           
                            P 
                           

                           
                        
                     

                     
                           	
                              
                           
                            BMI

                           
                        
                        	
                              
                           
                            0.888

                           
                        
                        	
                              
                           
                            0.001** 

                           
                        
                     

                     
                           	
                              
                           
                            FBS

                           
                        
                        	
                              
                           
                            0.531

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            HbA1c

                           
                        
                        	
                              
                           
                            0.940

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            TGL

                           
                        
                        	
                              
                           
                            0.073

                           
                        
                        	
                              
                           
                            0.427

                           
                        
                     

                     
                           	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            0.354

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                     
                           	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            0.989

                           
                        
                        	
                              
                           
                            0.989

                           
                        
                     

                     
                           	
                              
                           
                            VLDL

                           
                        
                        	
                              
                           
                            0.073

                           
                        
                        	
                              
                           
                            0.427

                           
                        
                     

                     
                           	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            0.345

                           
                        
                        	
                              
                           
                            0.001**

                           
                        
                     

                  
               

            

            Figure  1  shows the comparison of serum Leptin between controls and gestational diabetes mellitus. The serum Leptin is significantly
               elevated in patients with gestational diabetes mellitus when compared with healthy controls
            

            
                  
                  Figure 1

                  Comparison of serum Leptin between controls and gestational diabetes mellitus

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/20e96951-8544-48ab-b346-52abe8613facimage1.png]

            

            Figure  2  shows the scatter plot between Leptin and BMI. The scatter plot reveals a significant positive correlation between Leptin
               and BMI.
            

            

            
                  
                  Figure 2

                  Scatter plot between Leptin and BMI 

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/b6526924-b6bb-4d32-b624-4f42bb391864/image/dcf825db-fe5f-4ad0-a82d-cfc18d08d0cd-uimage.png]

            

            

            Figure  3 shows the scatter plot between Leptin and FBS. The scatter plot reveals the significant positive correlation between the
               Leptin and FBS.
            

            
                  
                  Figure 3

                  Scatter plot between leptinand fasting blood sugar

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/20e96951-8544-48ab-b346-52abe8613facimage3.png]

            Figure  4 shows scatter plot between Leptin and HbA1c. There is a relevant significant positive correlation between Leptin and HbA1c.
            

            

            
                  
                  Figure 4

                  Scatter plot between Leptin and HbA1c

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/b6526924-b6bb-4d32-b624-4f42bb391864/image/ff25d7f8-2be8-46f4-a201-13e02f471483-uimage.png]

            

         

         
               Discussion

            The current study illustrated how maternal circulating leptin changes during gestational diabetes mellitus. Several studies
               have reported varying patterns of leptin variation with increasing gestational age in a typical pregnancy.16, 17 The results of this investigation support the hypothesis that GDM and the mother's circulating leptin profile are related.
               An adaptive reaction to insulin resistance and the inflammatory response linked to GDM could account for the variation in
               
            

            circulating leptin concentration observed in early gestation between women with and without GDM.18, 19 By directly regulating the insulin receptor or indirectly through central neuronal pathways, leptin may enhance insulin sensitivity
               and it can also directly promote the absorption of glucose and the synthesis of glycogen in skeletal muscle.20 
            

            It was also believed that the upregulation of the leptin gene and protein production constituted a sort of defense mechanism
               against the imbalance of pro-inflammatory cytokines that occurs in many abnormal pregnancies, including GDM.21 Another case control study also reported significantly elevated levels of leptin was observed in patients with GDM when compared
               to controls.22 Previous studies also found significant higher levels of leptin was positively correlated with glucose levels during pregnancy.23, 24 Additionally, present study also supports previous studies, because we also observed significant elevated levels of serum
               leptin and its levels were significant positively correlated with fasting blood sugars and HbA1c.25 Additionally, we also found BMI, total cholesterol and LDL was shown significant and this level was positively correlated
               with serum leptin. Hence, the present study findings, significant elevated levels of serum leptin might be served as a marker
               for detection of gestational diabetes mellitus. 
            

         

         
               Conclusion

            Based on the present study findings, we concluded that significant elevated levels of serum leptin might be served as a marker
               for detection of gestational diabetes mellitus.
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