
INVESTIGATION INTO THE ASSOCIATION OF BIOCHEMICAL 

PARAMETERS AND GENE POLYMORPHISM WITH OBESITY 

IN PATIENTS UNDERGOING BARIATRIC SURGERY 

A Thesis Submitted to 

 

 NIRMA UNIVERSITY  

in Partial Fulfillment for the Award of the Degree of  

MASTER OF PHARMACY  

IN  

CLINICAL PHARMACY 

 

BY 

Shuchi H. Dave (14MPH704), B. PHARM.  

 

Under the guidance of  

 

Dr. Bhoomika M. Patel – GUIDE 

Assistant Professor, Department of Pharmacology 

 

Dr. Mahendra Narwaria – HOSPITAL GUIDE 

Director, Asian Bariatrics Pvt. Ltd. 

                              

Department of Pharmacology 

Institute of Pharmacy 

Nirma University  

Ahmedabad-382481 

Gujarat, India. 

   MAY 2016  





 



Acknowledgements 

First and foremost, I have to thank my guide, Dr. Bhoomika M. Patel, 

Assistant Professor, Department of Pharmacology. Her passion; guidance 

and discipline have contributed immensely to my growth over these past 

two years. I am especially grateful for her devotion to her students’ 

education and success. She has always been relentless in her efforts to push 

us to realize our full potential and to prepare us for the future. She has 

been supportive through-out the project work and has given perfect 

guidance a student needed. 

 

Without her guidance and her dedicated involvement in every step 

throughout the process, this project would have never been accomplished. I 

would like to thank you, madam, for your support and understanding over 

these past two years. 

 

I take this opportunity to express my gratitude to Dr. Jigna Shah, Head, 

Department of Pharmacology, Dr. Shital Panchal, Assistant Professor, 

Department of Pharmacology, Dr. Snehal Patel, Assistant Professor, 

Department of Pharmacology, Dr. Shraddha Bhadada, Assistant Professor, 

Department of Pharmacology for sharing their valuable insights in the field 

of pharmacology and clinical pharmacy, which enabled me to undertake this 

research assignment.  

 

I am thankful to Prof. Manjunath Ghate, Director, insttute of Pharmacy, 

Nirma Universitu fro providing all necessary facilities for my work. 

 

I would also like to show gratitude to my hospital guide, Dr Mahendra 

Narwaria, for his support and guidance. I am also grateful to Dr Dinesh , 

at Asian Bariatrics, He kindly helped me in data collection and 

interpretation, and was very patient with my knowledge gaps in the area. I 

would like to Thank Deep who was helpful in the hospital for the data 

collection. 



 

Completing this thesis required more than academic support; and I have 

many, many people to thank for being there when I needed them over these 

past two years. I am truly blessed that I was part of a class full of such 

wonderful friends.I would love to thank you friends Jhil, Shikha, Vaishali, 

Kinjal, Apeksha, Pranali, Jahnavi, Latika, Shraddha and Megha. I would 

like to say thanks to Prachi and Manisha for supporting me through out 

the thesis.  I would like to say thanks to my friends Rahil, Debashish, 

Nizami, Mayur, Hrshit, Dhruv for support through out my M. Pharm.I 

would like to say thanks to our Ph.D students Anita and Bhavesh for 

guiding me to do proper work.  

 

Most importantly, none of this could have happened without my family - 

my parents, Himanshu and Nishkarsha Dave, my sisters Avani and Shachi, 

my brother-in-law Arjun Bharadwaj.  With their unconditional love, they 

have all contributed to what I am and whatever I have achieved so far. 

Thank you all for listening to me and believing in me, and more 

importantly, for making me believe in my-self. This thesis stands as a 

testament to your unconditional love and your encouragement. 

 

 

 

Shuchi H. Dave 
 

 



Abstract 
 

Institute Of Pharmacy, Nirma University Page 6 

 

LIST OF CONTENTS 

Sr  .No Title Page No.  

A LIST OF TABLES I  

B LIST OF FIGURES II 

1 ABSTRACT 1 

2 INTRODUCTION 4 

3 REVIEW OF LITERATURE 10-32 

 

 

3.1 Introduction 

3.2 Epidemiology 

3.3 Comorbidities and Weight 

3.4 Classification of Obesity 

3.5 Treatment for Obesity 

3.6 Bariatric Surgery 

3.7 Ghrelin 

3.8 Glucagon Like Peptide-1 

3.9 Polymorphism and Bariatric  

surgery 

4  METHODOLOGY 33-42 

 

 

 

 

 

 

 

4.1 Study Design 

4.2 Ethical Consideration 

4.3 Study Population 

4.4 Study Methodology 

4.5 Study Evaluation Criteria 

4.6 Statistical Analysis 

5 RESULT 43 

6 DISCUSSION 74 

7 CONCLUSION 80 

8 REFERENCE 81 

 

 

 



Abstract 
 

Institute Of Pharmacy, Nirma University Page 7 

 

LIST OF TABLE 

 

 

I 

 

 

 

 

 

Table No Table Title Page No 

5.1.1 Sample size and Gender 43 

5.1.2 Gender and ager distribution 44 

5.2.1 Surgeries in Diabetic and non-diabetic patients 46 

5.3.1.1 Effect of Bariatric surgery in mean HbA1c levels in Diabetic and 

non-diabetic patients 

47 

5.3.1.2 Distribution of Diabetic according to %HbA1c 47 

5.3.2.1 Effect of bariatric surgery on mean BMI levels in Diabetic and non-

diabetic patients 

49 

5.3.2.2 Distribution of non-diabetic and diabetic patients according to BMI 50 

5.3.3.1 Effect of bariatric surgery on mean total cholesterol levels in Diabetic 

and non-diabetic patients 

52 

5.3.3.2 Distribution of non-diabetic and diabetic patients according to 

cholesterol 

53 

5.3.4.1 Effect of Bariatricsurgery on mean Triglycerides level in Diabetic 

and non-diabetic patients 

55 

5.3.4.2 Distribution of non-diabetic and diabetic according to % 

Triglycerides 

56 

5.3.5.1 Effect of Bariatric surgery on mean HDL levels in Diabetic an non-

diabetic patients 

58 

5.3.5.2 Distribution of non-diabetic and diabetic according to % HDL 59 

5.3.6.1 Effect of Bariatric surgery on mean LDL levels in Diabetic an non-

diabetic patients 

61 

5.3.6.2 Distribution of non-diabetic and diabetic according to % LDL 62 



Abstract 
 

Institute Of Pharmacy, Nirma University Page 8 

 

B 

 

I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table No Table Title Page No 

5.4.1 Distribution of gender 65 

5.4.2 Occupation 66 

5.4.3 Marital Status 67 

5.5 Medical History 68 

5.6 Type of surgery 69 



Abstract 
 

Institute Of Pharmacy, Nirma University Page 9 

 

 

LIST OF FIGURES 

A 

 

 

 

 

Table No Table Title Page 

No 

5.1.1 Sample size and Gender 43 

5.1.2 Gender and ager distribution 45 

5.2.1 A & B Surgeries in Diabetic and non-diabetic patients 46 

5.3.1.1 Effect of Bariatric surgery in mean HbA1c levels in Diabetic and 

non-diabetic patients 

48 

5.3.1.2 a & b Distribution of Diabetic according to %HbA1c 48 

5.3.2.1 Effect of bariatric surgery on mean BMI levels in Diabetic and non-

diabetic patients 

50 

5.3.2.2 a & b Distribution of non-diabetic and diabetic patients according to BMI 51 

5.3.3.1 Effect of bariatric surgery on mean total cholesterol levels in 

Diabetic and non-diabetic patients 

53 

5.3.3.2 a & b Distribution of non-diabetic and diabetic patients according to 

cholesterol 

54 

5.3.4.1 Effect of Bariatricsurgery on mean Triglycerides level in Diabetic 

and non-diabetic patients 

56 

5.3.4.2 a & B Distribution of non-diabetic and diabetic according to % 

Triglycerides 

57 

5.3.5.1 Effect of Bariatric surgery on mean HDL levels in Diabetic an non-

diabetic patients 

59 

5.3.5.2 a & b Distribution of non-diabetic and diabetic according to % HDL 60 

5.3.6.1 Effect of Bariatric surgery on mean LDL levels in Diabetic an non-

diabetic patients 

62 

5.3.6.2 a & b Distribution of non-diabetic and diabetic according to % LDL 63 



Abstract 
 

Institute Of Pharmacy, Nirma University Page 10 

 

II 

 

 

B 

 

 

II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table No Table Title Page No 

5.4.1 Distribution of gender 65 

5.4.2 Occupation 66 

5.4.3 Marital Status 67 

5.5 Medical History 68 

5.6 Type of surgery 69 

5.7.1 Quality Of DNA 70 

5.7.2 Optimization of PCR 71 

5.7.3 Presence of amplification confirmation 72 

5.7.4 Genotype of rs9819506 73 



Abstract 
 

Institute Of Pharmacy, Nirma University Page 11 

 

Abstract: 

Background and Objective 

Obesity is growing worldwide and become a major issue in the society. It has doubled 

since 1980. According to world health organization, people suffering from overweight 

in 2014 were 1.9 billion and amongst them 600 million people are obese. Obesity can be 

prevented by adapting certain lifestyle modification, exercise, pharmacological 

treatment and surgical options. Bariatric surgery is carried out on stomach and/or 

intestine to facilitate the weight loss. This surgery is suitable for those whose BMI is 25 

or more. There are mainly 3 types of surgeries: Restrictive, Malabsorptive and 

combination of both. Bariatric surgery has been proven to treat complications related to 

obesity like type II diabetes, hypertension, PCOS, arthritis, sleep apnoea etc. According 

to certain studies many complications can be treated by bariatric surgery. There are 

certain biochemical parameters which gets changed after bariatric surgery like 

cardiovascular parameters, renal parameters, diabetic parameters, Thyroid parameters 

etc. With reference to certain study weight loss after bariatric surgery is related to 

genetic polymorphism. Certain genes are identified like  GHSR and GLP-1. These 

genes are associated with weight loss after bariatric surgery. There are two main 

objectives in the study first is related to changes in biochemical changes after bariatric 

surgery and the second objective is change in the polymorphism of GHSR gene. There 

are very few studies carried out in India with respect to bariatric surgery and 

biochemical changes after bariatric surgery.  

Study Methodology: 

A. Retrospective study included diabetic and non-diabetic patients registered at 

Asian Bariatric Pvt. Ltd.  From the available data, patients were selected 

according to inclusion and exclusion criteria. Medical records of 107 patients 

were obtained from their respective case files. The study was purely 

retrospective and as such only analysis of available data was carried out. The 

study does not involve any interaction with the subjects, nor did it require any 

intervention in the management of patients. 

B. In the second, prospective study included diabetic and non diabetic patients 

registered at Asian Bariatric Pvt.Ltd. Diabetic and non-diabetic patients those 
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who were willing to give written informed consent, were enrolled in the study. 

Patients were enrolled according to the inclusion and exclusion criteria. Every 

patient had all the right to refuse to give the consent. Blood collection of the 

patients was done and their lab investigation data were collected.. The small 

portion of stomach was cut and taken with the help of the surgeon. The stomach 

was stored in PBS at -80⁰C.  From the stomach portion, DNA was isolated from 

40 tissues. The sequencing of the DNA was carried out after DNA isolation. 

Result: 

A.  

1. Demographics:  

In the present study, 52were male and 55 were females. In non-diabetic group, 

28 were male and 36 were females. In non-diabetic group, 24 were male and 19 

were females. There 6 types of surgeries done on both diabetic and non-diabetic 

patients. In Diabetic group, sleeve gasterectomy was carried out in 16 patients, 

Gsatric bypass in 21, mini gastric bypass in 1, banded sleeve in 4 and revision in 

1 patient. In non-diabetic group, sleeve was carried out in 37 patients, gastric 

bypass in 15, mini gastric bypass in 2 , banded sleeve in 7, revision in 1 and 

gastric balloon in 2 patients.  

2. HbA1c:  

There was significant (P<0.001) reduction in mean HbA1c levels after 3 months 

and 6 months of bariatric surgery as compared to baseline levels in diabetic 

patients. It shows significant(P<0.001) reduction in mean HbA1c levels after 6 

months of bariatric surgery as compared to baseline levels in non-diabetic 

patients 

3. Body mass index:  

There was a significant (P<0.001) reduction in mean BMI levels after 3 and 6 

months of bariatric surgery as compared to baseline in diabetic patients. There 

was a significant (P<0.001) reduction in mean BMI levels after 3 and 6 months 

of bariatric surgery as compared to baseline in non-diabetic patients.  

4. Cholesterol:  

There was no significant reduction in mean total cholesterol levels after 3 

months and 6 months of bariatric surgery as compared to baseline levels in non- 
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diabetic patients while there was no significant(P<0.05) reduction in total 

cholesterol levels after 3 months of bariatric surgery, but after 6 months there 

was significant(P<0.05) reduction in Total cholesterol after bariatric surgery in 

diabetic patients.  

5. Triglycerides:  

There was significant ( P<0.05) reduction in mean triglycerides levels after 3 

months and after 6 months there was significant(P<0.01) reduction after 6 

months after bariatric surgery as compared to baseline in diabetic patients. There 

was no significant reduction in non-diabetic patients after 3 months of bariatric 

surgery but after 6 months, there was significant(P<0.05) reduction observed 

after bariatric surgery 

Other biochemical parameters were also observed like HDL, LDL, VLDL, 

Creatinine, Alkaline phosphate etc.  

 

Conclusion:  

In our study, it was observed that after bariatric surgery, in certain biochemical 

parameters significant change was observed like HDL, LDL, HbA1c, BMI, total 

cholesterol, Triglycerides. While some of the parameters were not significantly 

changed like alkaline phosphate, creatinine, bilirubin, SGPT, SGOT etc. In another 

objective, 7 polymorphism were reported in the patients which suggests that after 

bariatric surgery weight loss is achieved differently in the patients having 

polymorphism than those who have no polymorphism reported.  
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Introduction: 

Obesity is growing worldwide and has become major issue in the society. It has 

doubled since 1980. As per World Health Organization; a person is termed as an obese 

when his/her Body Mass Index is greater than or equal to 30 and overweight when BMI 

is more than or equal to 25 but less than 30 (World Health Organization). People 

suffering from overweight in 2014 were 1.9 billion and amongst them, 600 million 

people were obese. Prevalence of obesity in India is increasing. In India 2.8% of women 

are overweight. 1.3 % of men are overweight. The prevalence is increasing in young 

generation i.e. girls classified in overweight are 18% and boys are 20.6% respectively. 

(World Health Organization) In Gujarat one study showed that out of 900 overweight 

people, 120 adults found overweight (13.3%) and 49 found obese (5.4%) (Brahmbhatt 

and Oza, 2012). Obesity is associated with various other diseases like  type II diabetes, 

hypertension, polycystic ovarian syndrome (PCOS), apnoea, joint pain etc. 

Obesity can be prevented by adapting to certain life style modification, exercise, 

pharmacological treatment and surgical options. Life style modification includes 

programming the diet and exercise.  Dietary interventions demand low calorie diet and 

liquid meal (Melanson et al, 2002). Physical activity has a role in decreasing weight, 

programme of walking 45-60 minutes can make some difference but without calorie 

restriction, weight loss cannot be achieved (Pronk and Wing, 1994). Pharmacological 

treatment involves use of drugs like: Orlistat, Rimonnabant and Sibutramine. Orlistat is 

approved by Food and Drug administration (FDA) and inhibits the pancreatic lipase so 

reduces fat absorption by 30% (Borgstrom , 1988). Side effects reported are changes in 

bowel function because of the unabsorbed fat, fatty/oily stool, persistent nausea 

vomiting, severe stomach-ache, dark urine etc. (Broom et al., 2002)  Rimonabant is a 

diet pill, works by blocking the binding of endogenous cannabinoid to CB1 neuronal 

receptors. This drug has cause GI problems, skin problems, musculoskeletal problems 

and CNS problems. Moreover it was not effective in the patients for losing the weight 

and was not approved in US because of its side effects (Scheen et al, 2006).  

Sibutramine, serotonin norepinephrine reuptake inhibitor, is associated with the feeling 

of fullness i.e. satiation. Side effects caused by Sibutramine are dizziness, dry mouth, 

inflammation of nose, nervousness, abnormal liver functions etc. (McNeely and Goa, 

1998). Despite these approaches, obesity does not seem to be controlled in many 
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individuals. Hence, an approach which has been in use since last few years is surgical 

approach. The surgery is suitable for those who are having BMI (body mass index) 

greater than 35 or 40 and with or without co-morbidities like cardiovascular or 

metabolic 

Bariatric surgery is carried out on stomach and/or intestine to facilitate the 

weight loss. This surgery is suitable for those whose BMI is 25 or more. There are 

mainly 3 types of surgeries: Restrictive, Malabsorptive and combination of both. The 

restrictive is used to restrict the food which will decrease the consumption of food by 

the patient. Vertical banded gastroplasty (VBG) and adjustable gastric banding are 

example of restrictive surgery Malabsorptive is a surgery in which small portion of the 

stomach is removed and then stapled. Biliopancreatic diversion and sleeve gsterectomy 

are the types of malabsorptive surgeries. This will not allow a patient to consume more 

amount of food, this will favour weight loss. (American Society for metabolic and 

Bariatric Surgery). Roux en Y Gastric bypass is the combination of both i.e. 

malabsorptive and restrictive. (American Society for metabolic and Bariatric Surgery) 

As bariatric surgery improves other co-morbid conditons, it is very popular in people to 

opt for bariatric surgery even if they are not morbidly obese (WebMD, Benefits of 

bariatric surgery).  Bariatric surgery improve many co-morbid conditions like 

hypertension, Type II diabetes Mellitus, lipid disturbance (Sjstrom et al, 1999)PCOS, 

arthritis, sleep apnoea, asthma, venous statis, urinary incontienence (Sjstrom et al, 2006) 

and some cancers (Adams et Al, 2010).  

 Cardiovascular complication is a major complication in obese patients. Obese 

population is more prone to have heart disease than lean population. Because bariatric 

surgery can reduce weight up to 40% in patients, this can enhance the working 

condition of heart (Colquitt et Al, 2005). One meta- analysis done by Buchwald et al 

(2004) reported that patients having hypertension experienced improvement up to 

61.7% after bariatric surgery. One Swedish study also showed that cardiovascular 

complications have reduced in the patients and maintained normal even after 10 years of 

bariatric surgery. (Sjostorm et al, 2004)  

Atherosclerosis is one of the co-morbid conditions related to heart disease and 

risk factor for heart dysfunction. It is reported that bariatric surgery reduces. ( Karason 

et al, 1999). Bariatric Surgery can inhibit some of the markers related to atheroma. It 
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lowers the amount of inflammatory markers like C- reactive protein, sialic acid, 

plasminogen etc. (Vazquez et al, 2005)(Uzun et al, 2004). There were many patients 

who had to go for heart transplantation because of cardiomyopathy but because of 

bariatric surgery these numbers have been decreased. (Ristow et al., 2008)  It has been 

reported that bariatric surgery leads to increase in life span up to 15 % in patients having 

cardiovascular problems. (Sjostrom L et al, 2007)  

Bariatric surgery also affects renal functions. After losing weight due to bariatric 

surgery, patients get relief from microalbuminuria and proteinuria.(Navarro et al, 2006) 

There is decline in creatinine clearance after bariatric surgery. (Afshinnia et al. 2010) 

Bariatric surgery is also reported to alter glomerular filtration rate. One study reported 

that BMI and blood pressure decreased after bariatric surgery and mean GFR increased 

from 47.9 to 61.6 mL/min/1.73m
2 

(Navaneethan and Yehnert , 2009).  

From above mentioned facts, it is evident that bariatric surgery produced 

improvement in co-morbid conditions of obesity like cardiovascular diseases, thyroid 

functions and renal disorders. However there is dearth of reports, with respect to Indian 

population. There are very few data available in Indian population and it is important to 

carry out such studies because obesity of Indian population is different from other 

countries.  Obesity in Asian population is different from other countries. Asian 

population has less BMI and has more total and central adiposity when it is compared 

with other white population (Alberti ea al, 2006). Percentage of body fat is higher 

amongst Asian population which might be one of the factors in insulin resistance. 

According to survey of England and International Day for the evaluation and abdominal 

obesity in Asian Region, abdominal obesity is highly prevalent in South Asia (58% and 

78% in men and women respectively).( European Society of Cardiology, 2006) 

Therefore obesity in Indian population is different from other countries. This points out 

towards the investigating effect of bariatric surgery on cardiovascular, renal thyroid 

functioning in Indian population.  

Diabetes is a metabolic disease and has a prevalence of around 9% of the total 

population in the world. The data suggests that around 387 million people suffer from 

diabetes and it is expected that about 210 million more people will have diabetes by 

2035 (National Health Federation). Diabetes is increasing day by day in India with more 

than 62 million diabetic individuals. (Kaveeshwar & Cornwall 2014) The drugs 
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available are biguanides, thiozolidinediones, sulfonyl urea, meglitinides, alpha 

glucosidase inhibitors, DPP-4 inhibitors and GLP-1 analogues. However, despite 

enormous amount of research being carried out in the field of new drug discovery for 

diabetes, it still remains to be “untreated” disorder and the drugs can only control sugar 

levels without providing complete cure of the diseases. Given the fact that diabetes is 

associated with microvascular and macrovascular long term complications, patients 

with uncontrolled diabetes often opt for surgical interventions like bariatric surgery. 

Ghrelin is an endogenous agonist that has effect via growth hormone 

secretogogue receptor. It contains 28 amino acids residue peptide. (Chanoine et al. 

2009) Ghrelin is secreted from stomach. The primary site of production of ghrelin is 

fundus of stomach and proximal intestine. Ghrelin is found in neuroendocrine cells of 

stomach. (X/A like cells in rodents and P/D cells in humans) ghrelin is present in two 

forms in body i.e. Acylated and des-acylated. (Akio et. al, 2004) Acylated ghrelin is in 

active form in body and acts through GHSR-1a. des-acylated ghrelin is degradation 

product of acylated ghrelin. Ghrelin is acylated by Ghelin-O-acyl transferase enzyme.  

Incretins are hormones that enhances nsulin secretion after meals. Glucagon 

Like Peptide-1 and Glucose dependent Insulinotropic Polypeptide (GIP) are main two 

important hormones of incretin. GLP-1 is composed of 30 amino acid and it is a peptide 

hormone. It is produced in intestinal L-cells processed by proglucagon. (Holst, 2006) 

GLP-1 is insulin secretogogue and is produced from distal ileum. When a person 

consumes food, in response to that GLP-1 is secreted. It activates adenylated cyclase 

and stimulates glucose dependent secretion of insulin. It is also useful in emptying of 

GI, this will help in delayed digestion (Flint A et Al, 2001) Moreover it has action on 

CNS which produces feeling of satiety as well as less food intake.  

It is reported that after bariatric surgery GLP-1 increases three folds. This may 

be because of rerouting of food which is undigested from stomach. Food which is 

bypassed directly goes into distal part of the ileum after RYGB. This will stimulate 

enteroendocrine cells. Also changes in Gut endocrinology plays role in increasing GLP-

1 levels by secreting GLP-1. (Knop & Taylor, 2013) Rapid delivery of nutrients might 

be a factor for increased level of GLP-1. (Rubino et Al, 2006) Additionally, in RYBG, 

proximal small intestine is excluded which leads to decrease in anti-incretin hormones. 
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This leads to increase in GLP-1 and stimulates the glucagon and blood glucose control 

(Rubino et al. 2006) 

There are some reports which suggest that the diabetes may or may not be 

remitted after the bariatric surgery. Study by Buchwald et al in 2009 reported that there 

was 80% of the remission occurs in the patients who opted for the bariatric surgery. 

Study done in American population reported that from 89% of the diabetic population, 

57% experienced remission in diabetes after Gastric bypass.(Buchwald et al, 

2009)(Keidar , 2007). A systemic review by Schauer et al was done which reported that 

78.1 % of the patients experienced complete remission of diabetes. The data increased 

to 86.6 % when they considered the glycaemic control and diabetes resolved in the 

patients after the surgery. The hypoglycaemia is observed in the patients having type II 

diabetes. The data is not available why the hypoglycaemia is reported. Scorpinaro et al 

reported in one case series reported that out of 312 patients. 303 (97%) experienced 

remission after bariatric surgry. Another study done by Pories et al. showed that patients 

who had type II diabetes mellitus experienced complete remission in 83% while patients 

who had impaired glucose tolerance showed that 99% had resolved this situation. This 

remission was observed in the patients who opted for roux en Y gastric bypass. One 

case control study done by Pontlroll et al. (2002) showed that there was only 45% of 

resolution of diabetes was observed,  while one prospective study by Sjstrom et al 

(2004) reported that 72 % patients who went for Vertical banded gastroplastuy and 36% 

of LABG surgeries experiend diabetes remission. Pronce et al (2004) and Dixon et al 

(2008) also showed remission of diabetes in 66% and 73% of patients after restrictive 

kind of surgeries.  These data suggests that bariatric surgery exerts differential effect in 

terms of remission of diabetes. These variations needed to be investigated.  

Genetic polymorphism is associated with different weight loss outcomes in 

patients undergoing bariatric surgery. One study was carried out for seeing marker‟s 

association for eleven obesity related genes in which maximum weight loss and 

maximum weight gain was observed after the bariatric surgery. The variation in diabetic 

patients might be related to the polymorphism of the gene which encodes for the ghrelin 

and GLP-1. There are data available for the variation in the gene with respect to the 

weight loss i.e. in some patients the weight loss is fast and in some patients the weight 

loss is slow. These variations are thought to be related due to polymorphism of the 
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particular gene. Single nucleotide polymorphism in the promoter region of its receptor 

gene has some correlation with weight loss. Association between the genotype for SNP 

rs9819506 and rs490683 in the promoter region of the GHSR gene was performed and 

weight loss outcomes was recorded for 30 months. Three models were taken: additive, 

recessive and dominant. Patients with homozygous for rs490683 C/C genotype showed 

most weight loss in additive models. People with this polymorphism lost higher weight 

loss than others. (Tymiz  et al, 2011)(De Luis et Al, 2014) As this gene is related to 

weight loss we hypothesise that the GHSR gene might be associated with the diabetes 

or any metabolic disorder. The GLP-1R gene polymorphism is associated with weight 

loss after bariatric surgery. The Single nucleotide polymorphism of rs6923761 GLP-1R 

gene and its outcomes after biliopancreatic surgery is reported to be associated with the 

weight loss. 137 patients were taken and polymorphism was checked for SNP 

rs6923761. The weight loss was observed between non A allele carrier and A allele 

carriers. It was found that initial weight loss was higher in the patients with GG 

genotype than allele carriers. (De Luis, Pacheco D, Aller R, Izaola O, 2014) Although 

reports are available with respect to association of polymorphism in GHSR & GLP-1 

gene and weight loss, no data is available depicting co-relation of these genes‟ 

polymorphism and diabetes remission. 

 To study the alteration in biochemical parameters in patients undergoing 

bariatric surgery 

 To study genetic polymorphism in patients undergoing bariatric surgery 
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3.1 INTRODUCTION 

Obesity is a major health issue now a days and does not get easily eliminated. In 

the world, having 7 billion people, around 2.8 million people die because of the 

overweight problem and 35.8 million people who are extremely obese die because of 

the obesity. Therefore it is a very crucial problem and it has to be solved. A parameter 

which states whether a person is obese or not is termed as Body mass index. It is 

classified in different categories like underweight, normal, pre overweight, overweight 

and obese. A person is considered as an obese when his or her Body Mass index is more 

than 35 and he or she is considered as an overweight when the BMI is more than 25. 

(World Health Organization).  

3.2 EPIDEMIOLOGY 

Globally United states has 33.9% of obese people, Canada has 23.1 % obese 

people and India has 0.7% obese people. The ratio of obese people is quite less in India 

than any developed countries.(World Health Organization)Every year at least 2.8 

million people die because of obesity and the percentage is increasing day by day. 2.3% 

of people are obese or overweight worldwide. In 2008 35% of adults were overweight 

i.e. 34% men and 35% women. The obesity prevalence‟s has doubled between 1980 to 

2008. (World health organization). 

3.2.1 PREVALENCE IN INDIA: 

 The survey was done in the rural and urben areas of India and the states taken 

are Tamilnad(TN), Maharashtra(MH), Jharkhand(JH) union territories and 

Chandigarh(CH). The prevalence of generalised obesity was 24.6%, 16.6%, 11.8 %, 

31.1% for TN, MH, JH and CH respectively. The combined obesity was found 19.3%, 

13.0%, 9.8% and 26.6 % respectively for the above states. The prevalence for the 

overweight was found to be 15.2%, 11.3%, 7.8% and 15.9 % for the above respective 

states.  (Praddepa R et al, 2015) Indian population is becoming obese faster and faster 

than it is expected. The prevalence is around 0.7% in India for the obese people.  
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3.3 COMORBIDITIES AND OBESITY: 

As body weight increases, comorbid conditions may also increase. The prevalence of 

obesity is increasing progressively and as they are steadily increasing, many people are 

facing co-morbid conditions like cardiovascular diseases, diabetes, osteoarthritis, stroke, 

Hyperuricemia, gallbladder diseases, PCOS, sleep apnoea, etc. Moreover there are some 

cancers which can also be caused because of obesity viz. colorectal cancer and prostate 

cancer in men and endometrial, breast and gallbladder cancers in women. Obese 

patients might also have risk of impaired psychological and physical functioning which 

may impact negatively in the life. (Khaodhiar, McCowen, & Blackburn, 1999). This 

may decrease the life span of a person and might increase the risk of death in the early 

age of the patients. Obesity is impaired with the glucose intolerance or type II diabetes 

mellitus. The mechanism is thought to be due to insulin resistance. ( Keskin M et al, 

2005).  Hypertension has an association with obesity. The weight gain is directly related 

to hypertension. (Huang Z et al, 1998). Waist circumference and BMI are good 

parameters for assessing the obesity and risk of hypertension. (Janssen I, 2004) The 

evidences suggest that coronary artery disease (CAD) is also associated with obesity. 

Risk of heart failure was found two fold higher in obese patients than non-obese 

patients. (Kenchaiah S, 2002) Dyslipidaemia is also associated with obesity. In this 

insulin resistance is considered as a cause of dyslipidaemia. The insulin resistance is 

associated with higher levels of VLDL and impairment of lipoprotein lipase. (Despres 

JP et al., 1991)(Pouliot MC et al., 1991)(Despres JP, 1990) The risk of haemorrhage and 

stroke increases if the person is obese. In women the risk of haemorrhage is there but 

not stroke. (Song YM et al, 2004) Obstructive sleep apnea and obesity has link 

according to the study conducetd by Wisconsin Sleep. (Young T, 1993) asthma is an 

another complication which occurs because of obesity. The prevalence of asthma 

increases in the patients who are obese. Mechanism is associated with increased airway 

hyper responsiveness and decreased functional and tidal volume  plus increased 

inflammatory cytokines. (Shore SA, Fredberg JJ, 2005). Gastrointestinal abnormalities 

also increases because of obesity and the maily observed abnormality is GORD( 

Gastroesophagal reflux disease). ( Hampel H, Abraham NS, El-Serag HB, 2005). PCOS 

is very common in obese women. In men the obesity is relate to impotence and 

infertility. The sexual dysfunctions improves after the BMI has decreased. (Ehrmann 
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DA,2005)( Espostio K, 2004) There are other complications occur because of obesity 

like gestational diabetes, macrosomia, dystocia and increased rate of caesarean section. ( 

Dietl J, 2005) 

 Psychosocial problems are found in girls because of obesity in them.  In one 

study of 294 female obese people, psychiatric evaluation was performed. They found 

out that people were suffering from somatization, phobia, hypochondriasis amd 

obsessive compulsive disorders. ( Rosik CH, 2005) There are evidence available that 

obesity has a role to play in cancer. These all include the cancer of gall bladder, 

esophagus, thyroid, kidney, uterus, colon and breast.(Renehan AG, 2008)     

Obesity is classified according to WHO and they are classified in various 

categories like under-weight, normal, overweight and obese.  

 

3.4 CLASSIFICATION OF OBESITY: 

Body mass index(BMI) kg/m
2 

Classification 

18.5-24.9 Normal 

25.0-29.9 Overweight 

30.0-34.9 Obesity(type I) 

35.0-39.9 Obesity(type II) 

>= 40 Morbid Obesity 

>= 50 Super Obesity 

 

3.5 TREATMENTS FOR OBESITY: 

 The treatments are available for eradicating obesity but they are not that much at 

success. The diet plans are hard to follow and people do not go for exercise regularly. 

Thus obesity is a big problem and should be addressed. The main cause of obesity is 

energy imbalance with increased intake of food. Moreover it is caused by lethargic 

lifestyle. People do not give attention to their daily life and have become inactive. The 

workload of an individual has increased but the physical activity has decreased. This 

may result in obesity. Some people have genetic factors which increases the weight 

without any reason.    
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NON-PHARMACOLOGICA TREATMENT: 

Obesity can be prevented by adapting to certain life style modification, exercise, 

pharmacological treatment and surgical options. Life style modification includes 

programming the diet and exercise.  Dietary interventions demand low calorie diet and 

liquid meal (Melanson K., 2002). Physical activity has a role in decreasing weight, 

programme of walking 45-60 minutes can make some difference but without calorie 

restriction, weight loss cannot be achieved. (Pronk NP, Wing RR, 1994).  

PHARMACOLOGICAL TREATMENT: 

Pharmacological treatment involves use of drugs like: Orlistat , Rimonnabant and 

Sibutramine . Orlistat is approved by FDA( Food and Drug administration) and inhibits 

the pancreatic lipase so reduces fat absorption by 30%(Borgstrom B. 1988). Side effects 

reported are changes in bowel function because of the unabsorbed fat, fatty/oily stool, 

persistent nausea vomiting, severe stomach-ache, dark urine etc(„orlistat oral‟, n.d.).  

Rimonabant is a diet pill, works by blocking the binding of endogenous cannabinoid to 

CB1 neuronal receptors. This drug has cause GI problems, skin problems, 

musculoskeletal problems and CNS problems. Moreover it was not effective in the 

patients for losing the weight and was not approved in US because of its side 

effects(„Dangerous Side Effects of Rimonabant (Acomplia)‟, n.d.).  Sibutramine, 

serotonin norepinephrine reuptake inhibitor, is associated with the feeling of fullness i.e. 

satiation. Side effects caused by Sibutramine are dizziness, dry mouth, inflammation of 

nose, nervousness, abnormal liver functions etc(„Common and Rare Side Effects for 

sibutramine oral‟, n.d.) (Lean MEJ, 1997). Combination of orlisat and sibutramine are 

available in the market and reduces the triglyceride digestion in the GIT. But the data 

suggests that it does not have synergistic effects on the person takin combination of 

both. Benzphetamine might be used for the weight reduction but can be used for short 

term. Many other drugs are available for the obesity reduction. They are Diethyl 

propion, phentermine etc. The sympathomimetic drugs like benzphetamine, 

diethylpropion, phendimetrazine and phentermine are used with  different mechanisms 

and it blocks the norepinephrine reuptake from syneptic granules.  Weight loss with 

phentermine and diethylpropion have good efficacy and suggests that it does not have 

that much tolerance after taking the drug for a long period of time. If tolerance was 

observed the efficacy of the drug decreases drastically. The safety measures are good 
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with these drugs. The side effects are insomnia, dry mouth, asthenia and constipation. 

There are some drugs which are useful for decreasing the obesity but not approved for 

the same purpose. Fluoxetine and sertraline are seretonine reuptake inhibitors and can 

be useful in reducing the food intake. In a two week placebo control trial, it was found 

that the dose of 60mg/day of fluoxetine can reduce the amount of food taken by the 

patient. They are approved for the purpose of depression but can be useful for 

decreasing the weight in the patients having obesity. (Lawton CL et al, 1995)  

3.6 BARIATRIC SURGERY 

 Bariatric surgery is a surgery done on the stomach and/or intestine to reduce the 

weight of the patients who are overweight or obese. All the candidates are eligible to go 

for the bariatric surgery but mainly the age group is between 18 to 60. However old 

people may also go for bariatric surgery with careful caring of the patient. There are 

some criteria for the surgery like prior attempts have been mate to reduce the weight 

and has failed. BMI more than 30, p0atient should tell all the comorbid condition he or 

she has. Person should know that the bariatric surgery is not the quick fix for the 

patient. It takes time to reduce the weight and requires patience from the person who is 

going for the bariatric surgery. (Buchwald H et al., 2004)(Christou NVet al., 2004) 

Bariatric surgeries can be classified according to the mechanism of action of the 

surgery. They are restrictive, malabsorptive and combination of both.  

3.6.1TYPES OF BARIATRIC SURGERY: 

3.6.1 2Restrictive Surgery:  

In this surgery the surgeon creates a pouch in the stomach and it will narrow the outlet 

of the stomach. This will restrict the patient to take more amount of the food after 

surgery. There are mainly two types of restrictive procedures ie.e vertical banded 

gastroplasty and laparoscopic adjustable gastric banding. Verical banded gastroplasty is 

not performed that much by surgeons now a days. This surgery might have long term 

complications and the patient might come for the another operation. The long term 

weight reduction is not that much at success. (Kim CH, Sarr MG, 1992)(Nightengle ML 

et al, 1991)(Maclean LD, Rhode BM, Forse RA, 1990)( Ramsey Stewart G, 1995)( 

Balsiger BM et al. 2000) Laparoscopic adjustable gastric banding has an advantage that 

the band allows to adjust the collar and then it allows one tune of the size of the outlet 

which minimize the side effects as well as maximises the weight reduction.  
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3.6.1.2 Malabsorptive Surgery: 

 This surgery bypasses a major portion of stomach and intestine such that the food 

absorption is less. Biliopancreatic diversion, Duodenal switch are the example of 

malabsorptive bariatric surgery. These both the surgeries are quite difficult to perform 

and then it causes complications like nutritional deficiency. (Coucoulas A et al, 2003) 

 Another procedure which is combination of both is used i.e. Roux-en Y gastric 

bypass. This can be performed by doing laparoscopic or by doing open surgery. Food 

intake is restricted by creating the small pouch of 30 mL of the upper part of the 

stomach. The absorption is decreased because the proximal intestine is also bypassed. 

The standard limb is around 75 to 150 cm long and it bypasses the distal stomach, 

duodenum and small portion of jejunum. The small intestine is almost intact which will 

decrease the risk of diarrhoea and protein malabsorption.(Nguyen NT et al, 2004) 

3.6.3 TYPES OF BARIATRIC SURGERIES: 

3.6.3.1Gastric Bypass:  

It is called Roux-en-Y Gastric Bypass and is very useful surgry for the obese patients.  

METHOD: Small pouch is formed from the upper part of the stomach of about 30 

milliliters. The proximal part of the small intestine is divided and the latter part of 

intestine will be attached to the newly formed part of the stomach. Then the top portion 

of divided stomach will be connected to the proximal part of the intestine. This portion 

will give the shape of „Y‟. The reason behind this is because the bypassed portion of the 

stomach and intestine still make the gastric acid and enzymes which are necessary for 

the digestion of the food.  

MECHANISM: The newly created stomach is small and it does not allow the patient to 

consume more amount of the stomach in the body. This will facilitates the less amount 

of the calories consumed. The digestion of the food is also less because of the small 

amount of the stomach. This will make less nutrients to reach to the small intestine and 

probably less amount of the absorption of calories and nutrients.  

Advantages: 

1.  It produces long amount of weight loss and then 60 – 80 % of the loss. 

2. Less amount of the food consumed. 

3. May increase the energy expenditure 
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4. Make change in the gut hormone and then it reduces the amount of the food 

consumed. 

Disadvantages:  

1. Complex surgery than Adjustable Gastric Banding and Laparoscopic sleeve 

gasterectomy.  

2. Long term vitamin and mineral defeciencies.  

3. Longer hospital stay 

4. Go for the dietary recommendations for longer period of time 

3.6.3.2 Sleeve Gastrectomy:  

 It is performed by removing almost 80% part of the stomach and then the remaining 

part of the stomach is joined with the intestine portion of the GI tract. It gives the 

banana like shape of the stomach. 

PROCEDURE: It works by several mechanisms. The smaller part of the stomach cannot 

hold more amount of the food ant this will decrease the amount of the food consumed 

by the patient. It has action on the gut hormones and because of that the factors are 

induced which will have impact on the hunger and blood sugar control. The studies 

have shown that sleeve gastretomy is more effective than the RYGB. 

Advantages: 

1. Restrict the amount of the stomach can be consumed. 

2. Rapid and effective weight loss. 

3. Requires more foreign objects and no re-routing are required. 

Dis-advantages: 

1. We cannot reversible the procedure  

2. Patient ay develop long term vitamin and minerals deficiencies 

3. More complication rate than others 

3.6.3.3 Adjustable Gastric Band: 

Also Called Band. In this surgery, the inflatable band is placed around the upper portion 

of the stomach which will create a small pouch above the band which will decrease the 

amount of food to be taken by the person. This will part the stomach in two portion i.e. 

upper paet and the lower part.  
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PROCEDURE: 

The procedure is same as RYGB. In this kind of surgery the stomach is converted into a 

small pouch with the help of band which does not allow a person to take more amount 

of food and make him feel full. The feeling of fullness depends on the size of the 

opening of the pouch and remainder of the stomach created by gastric band.   

Advantages:  

1. Reduce the intake of food by an individual 

2. Weight loss I approximately 40-50 % 

3. No removal or re-routing is done 

4. Less days in the hospital 

5. It is reversible and Adjustable 

6. It has rare complications and mortality 

7. The lower level of vitamin and mineral deficiency. 

Disadvantages: 

1. The weight loss is slower than other surgeries. 

2. 50% weight loss is not achieved in this kind of surgery 

3. It is difficult because the body contains the foreign substance in the body 

3.6.3.4 Biliopancreatic Diversion:  

 It has mainly two components. On the first place the most of the stomach‟s 

portion is removed and then large portion of small intestine is bypassed.  

PROCEDURE: 

 The Duodenum is divided just past the outlet of the stomach The portion of the small 

intestine is then brought up and connected to the new portion of the stomach created. 

This will make the food to go directly in the newly created pouch and it directly goes in 

the small intestine. The portion of the small intestine which is bypassed is then joined 

with the newly formed small intestine segment because it contains certain pancreatic 

enzymes and bile which is useful for the breaking down the food and absorption of the 

protein and fat. This surgery on the first place will reduce the amount of the food to be 

taken by the patient but as the time passes a person can take normal food. Moreover the 

food will get mixed with the bile and enzymes far down in the small intestine. This will 
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not allow the absorption of most of the part of the food which will result in lack of 

nutrients in the body. 

Advantages:   

1. More weight loss than othe surgeries i.e. RYGB, Sleeve and Adjustable gastric 

Banding.  

2. A patient can eventually eat normal food  

3. Fat absorption reduces upto 70 % 

4. Appetite hormones are changes after the surgery so reduces the appetite and 

absorption of the food. 

5. It has more effect on diabetes than others 

Disadvantages:  

1. More risk than other surgeries. 

2. Longer hospital stay in after surgery 

3. More deficiencies of protein than any other surgery 

4. Complicated procedure 

5. Follow up is quite necessary because the guidelines of the diet and supplements 

must be followed by the patients. (American Society for metabolic and Bariatric 

Surery) 

 

  

 

    Fig-1.Different Kind Of Bariatric Surgeries(ASMBS) 
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3.6.4 Benefits of Bariatric Surgery: 

Weight Loss:  

Diabetes Remission 

Heart disease Improvement 

Improvement in Cholesterol levels 

Sleep Apnoea disappearance 

Decrease the depression 

Self-esteem improvemant 

Improved Mobility 

 

3.6.5 RISK ASSOCIATED WITH BARIATRIC SURGERY: 

3.6.5.1 Open V/s Laparoscopic Roux-en Y gastric bypass: 

Open surgery causes more amount of pain. Patient needs more time to recover from the 

surgery and it will be difficult for the patient to do normal activity. Moreover there are 

chances of iatrogenic splenectomy and abdominal wall complications i.e. upto 20%. 

Where as in Laparoscopic one, the pain is less and recovery is faster than the open 

surgery. The wound complication is also less in the open surgery. (Podnos YD et al, 

2003) 

Complications:  

The complications are late and earle. The early complictaions are wound problems and 

incisional hernias done by Podnos et al in 2003. Small bowel obstructions(2.1%), 

anastomotic stenosis(0.7%) GI haemorrhage(0.6%) leaks(1.2%), pulmonary 

embolus(<1%) and pneumonia(0.1-0.3%) are the complications caused by Gstric 

bypass. Late complictaoions include disorders of GI tract functioning. Nutritional 

defeciencies and protein-calorie malnutrition. (Podnos et al, 2003) 

Bleeding: The bleeding occurs only upto 4% in the patients. The post operative 

bleeding can be from the staple line and which is harmless. The bleeding in the staple 

can be diagnosed by endoscopy. The prevention can be achieved by oversewing or 

buttressing the staple lines.  

Anastomotic Leak:  The tachycardia is the sign of anastomotic leak. It is a very rare 

complication but if it occurs the mortality increases upto 30%. The incidence after 

laparoscopic RYGB this rate has decreased to 4.4%.  
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Wound Infection: It occurs in 5% of the patient who undergo RYGB. The infection is 

not that much difficult to manage. Applying antibiotics on the wound would be 

sufficient to stop the infection.   

Thromboembolism: The chances of forming thrombus during RYGB are 0-1.3 %. And 

rate of pulmonary embolism is 0-1.1%. Pulmonary embolism and anastomotic leak are 

major reason for the mortality in the bariatric surgery patients. (Nguyen NT et al, 2003) 

Anastomotic Strictures:  The anastomotic may develop jejunostomy after LRYGB. 

The occurrence of the complication is about 2-16%. The complication depends on the 

experience of the surgeon.  

Marginal Ulcers: This occurs after the surgery is over. Usually the ulcer occurs at 

gastrojejunal anastomosis. It is related to the ischemia and tension at the base because of 

the staples. This can be treated by depressing the acid.  

 Cholelithiasis:  The gall stones are common after the bariatric surgery when patient 

starts losnig the weight. The incidence is 38-52% and the stones are developed within 1 

year of the surgery.  

 Nutritional Deficiencies: The stomach and intestine are bypassed, it may cause 

deficiencies of different nutritions like iron, vitamin B12, and other micronutrients. The 

diet shld be based on the nutrion deficiencies and it can be achieved by taking 

multivitamintablets as well as taking supplementation of irons as well. (Stacy AB, 

2006) { the article of bariatric surgery and its safety and complications whole review 

article taken } 

Perioperative mortality: The risk of death increases if the age is more otherwise the 

chances of death is nill. 

3.6.5.2 Complication of Laparoscopic Adjustable Gastric Banding:  

The risk of death is least with adjustable Gastric banding. Postoperative complications 

occur in 0.8-12% of the patients (Belachew M, Belwa PH, Desaive C, 2002). Bleeding 

is very rare after Gastric banding i.e. 0.1% (Biertho L et al, 2003) 
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3.6.6 EFFECT OF BARIATRIC SURGERY ON COMORBID CONDITIONS: 

Bariatric Surgery shows a great result in decreasing the weight and thereafter there are 

many comorbid conditions which can get benefits because of bariatric surgery. 

Long term follow up of the bariatric surgery shows less number of mortality rates 

because the chances of heart diseases, diabetes mellitus and cancer decreases. Mortality 

is decreased upto 40% after bariatric surgery.  (Christou NVet al, 2004)(Sjostorm L et 

al, 2007)(Adams TD et al, 2006). Obesity can cause many diseases and which some 

diseases can be harmful at the later stage of the life. Health problems like metabolic 

disorders, cardiovascular complications, arthritis, cancer and dyslipidaemia are some of 

the examples which are caused by obesity. (Thomas CB, Cohen BH, 1955) Bariatric 

surgery is beneficial for the diabetic patients. The surgery gives a great result for the 

patients suffering from type II diabetes. The highest impact of bariatric surgery is 

noticeable in the patients having Type II diabetes. Modification in the insulin level is a 

noticeable parameter after bariatric Surgery. The insulin level increases 2 to 3 times 

after the surgery. The data suggests that around 76.8% surgical patients experience the 

resolution of diabetes.  The mechanism is not known but it is weight loss independent. 

Bariatric surgery is also opted for those who are having type II diabetes. The patients 

having a hypertension also opt for the bariatric surgery and in addition the cholesterol 

levels are also affected by the bariatric surgery. One study conducted in 182 patients 

and their cardiovascular parameters were checked after the bariatric surgery. From them 

57 patients remained and other did not co-operate. But the data suggests that after 

bariatric surgery, cholesterol levels reduced to 174 from 184 after the surgery. HDL 

rose to 40 and LDL cholesterol also improved. Triglycerides declined by 55%. The C - 

reactive protein, which is a marker of inflammation and a risk factor for heart attack 

also, reduced upto 80%. Moreover the patients who were taking the statins stopped 

taking the drug after the surgery. (Bariatric Surgery Cuts Heart Risk for Years, 

WebMed) 

Bariatric Surgery is also beneficial for arthritic patients. The patients having arthritic 

pain can have great effects after the bariatric surgery. The improvement was noted not 

only in the RA but also in the inflammatory markers. Moreover the patient has to take 

less amount of medicines after bariatric surgery for Rheumatoid Arthritis. In one study 

57% of the 53 patients had RA and they reported that the bariatric surgery can cure RA 
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after 3 to 9 years of the surgery. According to one study done in the patients suffering 

from RA, 12 months follow up was taken after the bariatric surgery. The follow up of 6 

months and 12 months showed that 72% and 68% patients experienced remission of 

diabetes respectively. 62% of the patients were on disease modifying ant rheumatic 

drugs(DMARDS), compared to 93 % at baseline. 23 % were at complete remission and 

were not taking any kind of DMARDS after the surgery. (Study: Weight Loss after 

Bariatric Surgery Improves RA, MEDPAGE TODAY) 

The epidemics suggest that type II diabetes is related to obesity. It has been 

noted that the type II diabetes is resolved for more than 10 years. The mortality rate is 

decreased after the surgery is performed on diabetic patients. The biliopancreatic and 

Bypass surgeries are more effective in the diabetic patients. It is also seen that the 

diabetic related mortality has decreased significantly after going under bariatric surgery. 

There are some mechanisms which are proposed for the remission. The only weight loss 

is not responsible for the diabetes remission. This can be said because the glycaemic 

level is achieved after only few days of the surgery. Some mechanisms which can be 

suggested are decrease in the food intake, partial malabsorption of nutrients and 

anatomical changes in the GI tract. This will make changes in the incretin levels and this 

will change the levels of glucose in the body.  

Reduced Cancer Death Biggest Win from Bariatric Surgery: The obese patients have the 

risk of developing cancer and it can be avoided by doing the surgery.  

 

3.6.7 EFFECT OF BARIATRIC SURGERY ON TYPE II DIABETES:  

3.6.7.1 Remission of Diabetes After bariatric Surgery:  

 A systemic review and meta-analysis was done which showed that complete resolution 

was achieved in 78.1% of the cases. This number increased to 86.6% when glycaemic 

control was added in the study. (Buchwald H et al, 2009) Two large case series by 

Pories et al. and Achauer et al focused on diabetes remission after RYGB. In the former 

studies the mean fasting blood glucose decreased noticeably after the surgery. (Pories 

WJ et al, 1995)(Schauer PR, 2003) A meta-analysis of 136 bariatric surgery studies 

including 22094 individuals confirmed that around 84% of the patients experienced 

complete cure of diabetes after RYGB.  (Buchwald H et al., 2004). Two prospective, 

controlled studies have shown good glycaemic control after the surgery. The multicentre 
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SOS study compared bariatric surgery with weight loss. This results in 16.1% average 

weight loss in the patients. Mean Fasting Blood sugar increased in the patients without 

the surgery and in the patients who opted for the surgery, the mean FBG decreased after 

the surgery. The risk of developing diabetes was three times lower in surgical patients 

than the non-surgical patients. (Sjostrom L et al., 2004) One study conducted by Dixon  

et al. did a randomised trial on the patients who were having mild diabetes and they 

went for LABG( Laparoscopic adjustable gastric band). They observed the significant 

decrease in the fasting blood sugar, HbA1c and medication of diabetes. (Dixon JB , 

2008).  Scopinaro et al. showed that 97% of the patients experienced euglycaemia in 

268 diabetic patients after 10 years of the surgery (Scopinaro et al., 2006). This effect 

on the diabetes is long lasting and long term glucaemic control is observed in the 

patients after the surgery.  Bariatric surgeries are meant for decrease the weight whose 

BMI is more than 35 or 50. But after the reports, many people are going for the surgery 

for remission of type II diabetes Mellitus. People with BMI <35kg/m
2 

have reported 

complete remission of diabetes. The reports suggest that the remission is observed in the 

patients going for RYGB. (Cohen R et al, 2006)(Lee JW et al. 2008) The RYGB has 

best result amongst them and gives remission of diabetes up to 16 years. (Schauer et al. 

2003) There are now enough evidence that the mortality is decreased in the diabetic 

patients after bariatric surgery. Adams et al. showed that the death rate was decreased 

up to 92 %.  

Data is not available for the Indian populations.  

The mechanism by which the bariatric surgery is remitting diabetes is related to two 

important parameters i.e. Ghrelin and Glucagon like peptide-1. The former one is an 

appetite inducer and the later one is stimulator of insulin.  

3.6.7.2 Bariatric and Other GI operations in Type II Diabetic Patients : 

 The data suggests that bariatric surgery is beneficial for those who are moderately 

obese or non-obese and suffering from diabetes. The most importantly, nowadays non 

obese diabetic patients also opt for the bariatric surgery because they experience the 

remission for a longer period of time. A study done by De Paula et al reported that 

patients with BMI 29.7 and have diabetes since last 3 years plus insulin therapy and the 

HbA1c near 8.8 went for the sleeve gasterectomy. They observed that the postprandial 

glucose level decreased from 262 to 136 after the surgery. 
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Possible Mechanisms:  

There are certain mechanisms which are proposed and they are: 

1. Higher secretion of L-cells peptides which are Glucagon like peptides 

2. Exclusion of proximal small intestine from nutrient flow which are responsible 

for decreasing the level of incretin factors.  

3. Ghrelin secretion is impaired.  

4. Changes in the nutrient sensing mechanisms regulation the insulin sensitivity.  

5. Bile acid perturbations 

6. Alterations in the GIT factors, mainly in duodenum.(Rubino F et al., 2006) 

 

The main mechanism is still not found and people have given the hypothesis 

why diabetes is remitted.  

 

3.7.GHRELIN: 

Ghrelin is a 28 amino acid peptide hormone which is secreted by the epithelial cells of 

fundus of the stomach. It is an appetite inducer and it has effect on the food intake and 

food regulations. ( Leonetti F et al, 2003)(Cummings DE et al, 2001) (Lee H et al., 

2006)(Lin e et al, 2004) It is released form stomach and upper intestine(Cummings DE, 

2004) Ghrelin‟s levels increases before meal and it decreases after the meal. (Callahan 

HS, et al, 2004) It is synthesized by X/A like endocrine cells and it is present in the 

mucosa of the fundus. It is a natural ligand for the growth hormone secretogogue 

receptor. The ghrelin present in two forms which are acylated and dys-acylated. While 

the ghrelin is in the systemic circulation, 90% is in the form of Dys-acylated and 10% is 

in the acylated form. The acyl groiup is required for the ghrelin to bind with the GHS-R 

which will activate the further pathways. (Kojima M et al. 1999)(Kojima M, Hosoda H, 

Kangawa K, 2001)Ghrelin‟s levels are associated with the diabetes remission and some 

mechanisms are also proposed by some of the scientists. The data is provided in the 

following paragraph about the ghrelin levels and bariatric surgery. 

3.7.1 Ghrelin and RYGB: 

RYGB is most common surgery done worldwide and is quite successful. A study done 

by Cummings et al. in 2002 showed decrease in the levels of the ghrelin after RYGB. 
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Though these studies are not conclusive and various studies showed that the ghrelin 

levels are not consistent for the RYGB. Some of them showed decrease in fasting as 

well as postprandial ghrelin levels( Geloneze B et al, 2003), some of them showed no 

change in the fasting and postprandial levels of ghrelin (Le Roux CW et al, 2006) and 

increase in the levels of ghrelin i.e. fasting (Vendrell J et al., 2004) The mechanisms are 

proposed but none of them are accepted widely. The increase in the levels of Ghrelin in 

the diet induced weight loss is much more than the ghrelin levels increased because of 

the surgery. (Korner J et al. 2005) The investigation was done why ghrelin level is 

different after the surgery. They came up with the hypothesis that the intraoperative 

changes in the in ghrelin levels during the surgery. The vertical pouch formation after 

the surgery might be the reason of the which is responsible for the decline in the level of 

ghrelin. (Lin E et al. 2003) In the surgery, ghrelin producing portion of the stomach is 

excluded and this may cause the decrease in the amount of ghrelin in the circulation 

after the surgery. (McLaughlin T et al, 2004) Technical difference is also reported. The 

vagus nerve is required for the appetite effect. The vagus dysfunction caused 

intraoperatively might also play role. The study showed that the decrease in the level of 

ghrelin on the first day after the surgery and increase after one month and further 

increase after 12 months. (Sundbom M et al, 2007) 

3.7.2 Ghrelin and Biliopancreatic diversion: 

The study showed that initially the levels of ghrelin decreased in the fasting condition 

and then it returned to the normal levels. When the food consumption resumed to 

normal, the ghrelin level also resumed to normal. (Adami GF et al, 2003) more studies 

also show the increased level of ghrelin after bariatric surgery(Garcia-Unzueta MT et 

al., 2006) and no change in the ghrelin level after bariatric surgery.( Gracia-Fuentes E et 

al. 2008) 

3.7.3 Ghrelin and Gastric banding: 

Schindler et al.in 2002 showed that the fasting ghrelin level is increased. Further studies 

showed that the ghrelin level is increased at fasted state (Stoeckli r et al., 2004) and the 

suppression is also observed in the LABG surgery.(Le Roux CE et al, 2006) 

3.7.4 Ghrelin and Sleeve Gasterectony: 
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The fundus is excluded in the sleeve gasterectomy, the levels of ghrelin varies in the 

body. The suppression of ghrelin is observed in the patients who opt for the sleeve 

rather than the RYGB according to one study. (Wang Y and Liu J, 2009)  

 

Ghrelin plays important role in diabetes remission. 

3.8 GLUCAGON LIKE PEPTIDE-1:  

Glucagon like peptide is one of the gastrointestinal hormones which is located at 

jejunum, ileum and colon. (Buffa et al., 1975)(Buchan et al., 1978) It has action on 

regulation on glycaemia, stimukation of glucose dependent insulin secretion, pro-

insulingene expression and β-cell proliferative anf anti-apoptotic pathways. It also 

inhibits the glucagon release, gastric emptying and food intake. (Drucker DJ, 2006). 

The GLP-1 receptor agonists are also available in the market for the diabetes type II 

treatment. (Exenatide for type II diabetes, 2005) the proglucagon is located in the 

eneteroendocrine L-cells and pancreatic cells, GLP-1 is synthesized by posttranslational 

processing of proglucagon in the intestine. (Eissele R et al., 1992) The GLP-1 is 

degradable and it gets degraded quite fast by the enzyme called dipeptidyl peptidase IV 

and it has a very short half-life of 2 minutes. (Holst JJ, 2006) 

3.8.1 Action of GLP-1: 

1. GLp-1 is a major contributor for the ilial break mechanism of the upper GI tract, 

this will stimulate the gastric emptying nad acid secretion in the stomach which 

will break the food and will help in the digestion of food.(Naslund E et al., 

1999).  

2. GLP-1 also have effect on the glucose homeostasis by its insulinotropic effect 

plus its glucagonostatic effects. (Orskov C, 1992) 

3. The Action of GLP-1 is to slows down the gastric emptying of the food i.e. solid 

as well as liquid, the requirement of the insulin decreases. 

GLP-1 is expressed by β-cells. The GLP-1 stimulated the insulin gene transcription, 

islets cell growth and neogenesis. 

3.8.2 GLP-1 and Bariatric Surgery: 

GLP-1 is associated with Bariatric surgery as well. The levrls of GLP-1 is increased 

after the bariatric surgery is reported. Studies have supported htat the increased levels 

are there after the surgery and the effect is both on weight loss as well as diabetes. 
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(Ziegler O et al., 2009) The remission of diabetes is obsereved in the patients who are 

undergoin the RYGB surgery. The exaggerated secretion is observed in this kind of the 

surgery. This will enhance the insulin secretion and might be responsible for the 

diabetic remission. (Goldfine AB et al., 2007) 

 

 

 

 

  Mechanism of GLP-1 and Diabetes Remission 

 

Postprandial GLP-1 releases might have two mechanisms of action in which the one 

will affect the food intake and one will affect the satiety. 

The reports suggest that the remission of diabetes is observed in the patiets undergouing 

bariatric surgery i.e. sleeve and Gastric bypass. (Madsbad S, Diarksen C, Holst JJ, 

2014) The mechanisms are not that much clear and the widely accepted byt some of the 

scients have suggested the hypothesis about the correlation of GLP_1 and diabetes 

remission after bariatric surgery. Several studies have shown that the blockade of the 

GLP-1 receptor which will increase the levels of glucagon levels during the meal test. 

Taking all the studies together we can say that GLP-1 will induce the beta cell function 
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and which will improve the glucose tolerance from the first day of the surgery. (Bojsen-

Moller KN et al., 2014)  

These are two main parameters which suggest that the diabetes remission is related to 

Ghrelin and GLP-1.  

 

3.9.POLYMORPHISM AND BARIATRIC SURGERY: 

There are some people who undergo the bariatric surgery and experience the diabetes 

remission while some of them do not experience the remission. There must be some 

reason why the remission does not occur in some patients. A systemic review and meta-

analysis of English literature reported that the complete resolution is achieved in 78.1% 

of the patients. This percentage increased to 86.6% when patients‟ glycaemic control 

was taken in the consideration. Two case series studied by Pories et al and Schauer et al 

presented the data on glycaemic control and RYGB patients. The HbA1c remained 

6.6% without the diabetic medications. (Schauer PR et al, 2003)(Pories et al., 1995) The 

prospective controlled studies showed changes in the glycaemic control after RYGB. 

Dixon et al. in 2008 reported that patients going for laparoscopic adjustable gastric 

bypass promoted more reduction in the fasting blood sugar and HbA1c as well as less 

medication for the diabetes. The Scorpinaro et al in 2006 showed that in 268 patients 

975 of the patients had euglycaemic levels even after the 10 years of the surgery. The 

remaining patients who did not experience the diabetes remission, there must be some 

reason behind it.  

 The reason for the variation in diabetes remission and no remission might be 

polymorphism. Polymorphism is the change in the sequencing of DNA in one person or 

in a large amount of people (Maggert KA and Maggert KA, 2012). Sources of genetic 

polymorphism include single nucleotide polymorphism, replication in the sequence, 

deletion and recombination. The genetic polymorphism is the result of the chance 

processes or may have been induced by the external agents such as virus and radiations 

(Functional Genomics and Proteomics, Feb 2002).  The weight loss is observed in all 

the patients but variation occurs surgery to surgery. In some of the patients weight loss 

occurs fast and in some the weight loss is slow. This can be explained by the 

polymorphism. Lot of research is carried out on identification of genes in which the 

polymorphism has been observed.  Several SNPs are reported which are responsible for 
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variation in the weight loss even after the bariatric surgery. The data are not available 

for the diabetes remission, bariatric surgery and genetic polymorphism. 

 Some of the genes are related to the genetic polymorphism and bariatric 

surgeries. The weight loss is having an association with the genetic polymorphism. The 

data are available for the GHSR gene and GLP-1 R gene. The former one is Growth 

Hormone secretogogue receptor which is responsible for the the coding of the ghrelin 

and the later one is responsible for the glucagon like peptide-1 coding. 

 

Genetic polymorphism and weight loss in bariatric surgery: 

Genetic polymorphism is associated with different weight loss outcomes in patients 

undergoing bariatric surgery. One study was carried out for seeing marker‟s association 

for eleven obesity related genes in which maximum weight loss and maximum weight 

gain was observed after the bariatric surgery. In this study 11 genes were taken i.e. 

ADIPOQ, BDNF, FTO, GNB3, LEP, LEPR, MC4R, NR3C1, PPARG, PPARGC1A 

and TNF. After the study, it was found that the minor allele at the FTO rs16945088 

locus is associated with maximum weight reduction after banding surgery. An allele of 

FTO single nucleotide polymorphism rs8050136 was correlated with higher Body mass 

index and high chances of obesity. None of the other genotype was related to the weight 

gain or loss after bariatric surgery. [17] Table 3 describes about the summery of gene 

variations in the bariatric surgery. Details of several genetic polymorphism associated 

with different types of bariatric surgeries are provided in the following section. 

 

 

Genetic polymorphism in Gastric bypass: 

PGC-1: 

Peroxisome proliferator activated receptor gamma co-activator (PGC)-1α is a co-

activator in the body responsible for the transcription involved in the metabolic and 

non-metabolic disorders‟ regulations. The hypothesis was made that Gly482Ser 

polymorphism of the ppargc1a (peroxisome proliferator activated receptor gamma co-

activator 1 alpha) gene would predict differently after bariatric surgery than other genes.  

The association was found between the ppargc1a (gene coding for PGC1 α)  

polymorphism and bariatric surgery. The two groups were selected i.e Gly/Gly and 
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Gly/Ser + Ser/Ser. The inflammatory parameters, anthropometric, C-IMT and metabolic 

parameters were performed in the interval of at 1, 6 and 12 months. The polymerase 

chain reaction restriction fragment length polymorphism assay was performed for the 

primers Gly482Ser sense and Gly482Ser antisense.  It was found that Gly482Ser might 

be an important marker for the complications and amelioration of the disease. The waist 

ratio was the anthropometric parameter which was significantly reduced The Gly/Ser + 

Ser/ Ser group had more reduction in hip/Waist ratio than the Gly/Gly group. It was 

concluded that Gly482Ser polymorphism may improve the metabolic and inflammatory 

outcomes which leads to reduction in the structural marker of atherosclerosis in obese 

patients undergoing gastric bypass surgery. Bariatric surgery showed improvement in 

the various outcomes like metabolic, inflammatory and vascular in the patients having 

polymorphism in the PGC1α gene Gly482Ser.[18] 

 

Amide hydrolase gene, Leptin, GLP-1 and  Biliopancreatic Surgery: 

 

Amide hydrolase : 

Fatty acid amide hydrolase is a member of serine hydrolase family of enzymes. This 

enzyme is responsible for the hydrolysis of anandamide, an endocannabinoid. In 

biliopencriatic surgery the polymorphism was checked for C358A of the fatty acid 

amide hydrolase gene on the clinical outcomes for one year. It was noted that the allele 

A358C of the fatty acid amide hydrolase was associated with a better initial percentage 

of excess weight loss 9 and 12 months after biliopencriatic diversion.[20]  

 

Leptin: 

Leptin is a hormone and have a major role in the energy balancec . It is a mediator for 

the long term regulation of energy, it suppresses the food intake and so decrease the 

weight . The leptin is strongly associated with the with the bariatric surgery because the 

BMI levels are the indicator of the decrease or increase in the leptin levels.  Two groups 

were taken for the study i.e. mutant group and wild group. Patients with 

Lyc656/Asn656 and Asn6566/Asn656 genotype were included in the mutant group and 

patients with Lys656/Lys656 genotype were included in the wild group. After the 

bariatric surgery, the influence was checked for Lys656Asn polymorphism of leptin 
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receptor gene in biliopancreatic diversion. The study concluded that weight loss was 

higher in mutant group i.e. Lys656Asn and Asn656Asn higher than the wild type 

Lys656Lys group after the surgery. [21] 

 

Genetic polymorphism in Adjustable gastric banding: 

174 G>C IL-6: 

In laparoscopic adjustable gastric banding the polymorphism was checked in the 

174G>C IL-6 for the bioelectrical parameters in the obese subjects. It was thought that 

174G>C IL-6 polymorphism may play role in the differences in therapeutic response to 

the LAGB surgery. The C allele frequency was 35% and the GG, GC, and CC genotype 

frequency were 45%, 40%, and 15% respectively for IL-6. The two carriers were 

selected i.e. C(-) and C(+) carriers. The weight loss and BMI was more reduced in the 

C(-) carrier than C(+ carrier)[23] 

 

UCP2 gene: 

Mitochondrial uncoupling proteins (UCP2) are the members of larger family of 

mitochondrial anion carrier proteins. They separate the oxidative phosphorylation from 

ATP synthesis with energy dissipated as heat. This is expressed highly in the skeletal 

muscles. It plays a role in the thermogenesis, obesity and diabetes.[24]. One study 

selected four SNPs i.e. rs660339, -866G/A, rs17132534 and rs643064. It is associated 

with diabetes and the Ala55Val polymorphism on the UCP2 gene may predict the 

greater weight loss in morbidly obese patients who undergo the Gastric banding. All the 

subjects were genotyped for four SNPs on the gene. The SNPs associated with the 

obesity are the markers of the weight change. rs660339 on exon 4 was associated with 

the morbid obesity. Patients with TT or CT genotypes had experienced more weight 

loss compared to CC after the laparoscopic adjustable Gastric Banding (LABG). [25]
 

 

 

 

3.9.1 Ghrelin and Genetic Polymorphism: 

Ghrelin is a hormone which is having major influence on energy balance, it is a natural 

ligand of the growth hormone secretogogue receptor thus stimulates growth hormone 
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secretion and has a role of appetite inducer. The genetic co-relation has been found 

between the ghrelin gene and bariatric surgery. Single nucleotide polymorphism in the 

promoter region of its receptor gene has some correlation with weight loss. Association 

between the genotypes for single nucleotide polymorphisms  (SNPs) rs9819506 and 

rs490683 in the promoter region of the Growth hormone secretogogue receptor(GHSR) 

gene and weight loss outcome was performed for 30 months. Three models were taken: 

additive, recessive and dominant. Patients with homozygous for rs490683 (GHSR194) 

C/C genotype showed most weight loss in additive model. The study suggested that 

patients with C/C genotype lost 5% more weight than those who does not have this 

genotype. (Obesity Surgery, 2012) 

 

3.9.2 GLP-1 and Polymorphism:  

 

Glucagon like peptide-1 is a 30 amino acid peptide hormone. GLP- 1 stimulates the 

insulin secretion (i.e. to act like incretin hormone) and to inhibit the glucagon secretion. 

GLP-1 also has a role in the regulation of the appetite and food intake. Studies of 

Glucagon like peptide-1(GLP-1) receptor (GLP-1R) have been done to identify the 

relation between the polymorphism of the gene GLP-1R and pathogenesis of the 

obesity. Investigation was made on the polymorphism of rs6923761 GLP-1R gene and 

its outcome after the biliopancreatic diversion. 137 patients were taken. Parameters like 

weight, blood pressure basal glucose and lipid profiles were measured at basal visit and 

each following visit i.e. 3, 9, 12 and 18 months. The BMI, weight and waist 

circumference were lower in the non-A allele carrier than A carriers after 18 months. 

The initial weight loss was higher in patients with GG genotype than allele carriers. (De 

Luis DA et al.,2014) 
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4. Methodology: 

The study was carried out in two parts to meet the two objectives. 

A. To investigate the biochemical parameters of patients undergoing 

bariatric surgery for diabetic and no-diabetic patients. 

4.1 Study Design:  

Retrospective, single centric study involving diabetic and non-diabetic patients 

4.2   Site Of Study 

Asian Bariatrics, S.G. Highway, Ahmedabad 

4.3 Ethical Consideration: 

Study protocol was approved by the ethics committee of Asian Bariatrics Pvt. Ltd.  

4.4 Study Population:  

Sample size: 107 

4.4.1 Inclusion Criteria 

 Patients with diabetes or without diabetes having BMI more than 25 and 

undergoing bariatric surgery 

 Age of patient should be more than 18 

 Patients who are willing to provide consent for the study. 

4.4.2 Exclusion Criteria 

 Patients who are coming for second time for the surgery 

 Patients with chronic renal failure 

 Patients with chronic hepatic failure 

4.5 Study Methodology 

4.5.1 

Bariatric patients registered at Asian Bariatrics , Ahmedabad were included in the study. 

Medical records of 107 patients were obtained from their respective files from May 

2015 to December 2015. From the available records 107 patients were selected 

according to inclusion and exclusion criteria. The data of lipid profile, blood tests, 

hepatic parameters, calcium, iron, thyroid parameters, pre-existing diabetes, and 

hypertension were collected from the records. The study was purely retrospective. The 

data at baseline(before Surgery) was compared with the data after first follow up (3 

months) and second follow up (6 months) of surgery. 
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4.6 Study Evaluation criteria 

4.6.1 Baseline Characteristics 

 Age 

 Gender 

 Hypertension 

 Diabetes 

4.6.2 Laboratory investigations: 

 CBC( Complete blood Count) 

 S. Iron 

 S. Calcium 

 FBS 

 PP2BS 

 HbA1c 

 Insulin 

 Cholesterol 

 Triglycerides 

 HDL 

 LDL 

 VLDL 

 Bilirubin 

 Alkaline Phosphate 

 SGPT 

 TSH 

 T3 

 T4 

 Vitamin B12 

 Vitamin D3 

 S. Creatinine 

 B. Urea 

 Sodium 

 Potassium 

 Chloride 

 

4.7. Statistical Analysis: 

Analysis was performed by using ANOVA. Two way ANOVA was used to 

compare the variables. A valueof P<0.05 will be considered significant: quantitative 

results were expressed as mean±SD. 
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B. To determine GHSR gene polymorphism and its correlation with obese 

patients undergoing bariatric surgery. 

 

4.7  Study Design: Prospective, single centric study involving bariatric patients. 

4.8   Site Of Study 

Asian Bariatrics, S.G. Highway, Ahmedabad 

4.9 Ethical Consideration: 

Study protocol was approved by the ethics committee of Asian Bariatrics Pvt. Ltd.  

4.10 Study Population: 

Sample Size: 40 

4.10.1 Inclusion Criteria 

 Patients with diabetes or without diabetes having BMI more than 25 and 

undergoing bariatric surgery 

 Age of patient should be more than 18 

 Patients who are willing to provide consent for the study. 

4.10.2 Exclusion Criteria 

 Patients who are coming for second time for the surgery 

 Patients with chronic renal failure 

 Patients with chronic hepatic failure 

 

4.11 Study Methodology: 

4.11.1  

Diabetic and non-diabetic patients those who were willing to give written informed 

consent, were enrolled in the study. Patients were enrolled according to the inclusion 

and exclusion criteria. Every patient had all the right to refuse to give the consent. 

Blood collection of the patients was done and their lab investigation data were 

collected.. The small portion of stomach was cut and taken with the help of the surgeon. 

The stomach was stored in PBS at -80⁰C.  From the stomach portion, DNA was isolated 

from 40 tissues.  
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 4.12 Study Evaluation Criteria: 

a. Basic Characteristics: 

 Gender 

 Weight 

 Height 

 BMI 

 

 

b. Demographic Details  

 Age 

 Socio Economic Status 

 Location 

 Occupation 

 Lifestyle 

 Marital Status 

c. Medical History 

 Other Complications 

 Allergy 

 Infertility 

 Joint pain 

 Breathing Problems 

 PCOS 

 

 

d. Biochemical Tests: 

 

 Blood Tests 

 Sugar test 

 Lipid Profile 

 Renal Test 

 Cardiovascular test 

 Vitamin b12 

 

 Vitamin D 
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5. RESULTS 

A: Retrospective Study 

5.1 Demographic Profile: 

5.1.1Sample Size and Gender: 

In the present study, there were total 107 patients out of which 64 were non diabetic and 

43 were non diabetic. Among the non-diabetic 28 were males and 34 were females. In 

diabetic  24 were males and 19 were females.  

                                       Table 5.1.1: Sample size and gender 

Gender 

Non-

Diabetic Diabetic 

Male 28(43.75%) 24(55.81%) 

Female 36(56.25%) 19(44.18%) 

Total 64 (100%) 43(100%) 

Mean 33 21.5 

 

 

 

  

 

 

 

 

                            

 

 

5.1.1 Sample Size and Gender 

 

5.1.2 Distribution according to Age: 

The table 5.1.2 shows age and gender distribution for the Diabetic as well as the Non-

diabetic group. It was observed that 4.65% of subjects under diabetic group belonged to 

the age group of < 30 years, 13.95% belonged to the age group of 31-40 years, 27.9% 

belonged to age group of 41-50 years, 32.55% belonged to the age group of 51-60 years 
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and the remaining about 20.93% were older than 60 years. It was observed that 37.5% 

of patients under non-diabetic group belonged to the age group of < 30 years, 23.43% 

belonged to the age group of 31-40 years, 21.87% belonged to age group of 41-50 

years, 14.06% belonged to the age group of 51-60 years and the remaining about 

3.125% were older than 60 years. 

                                  

 

Table 5.1.2: Gender and age distribution 

Age 

Group 

Diabetic Group     Non-Diabetic Group   

Gender 

Total(N) 

  Gender 

Total(N) 

  

Male Female Percent(%) Male Female Percent(%) 

<=30 2 0 2 4.65 11 13 24 37.5 

31-40 2 4 6 13.95 6 9 15 23.43 

41-50 7 5 12 27.9 6 8 14 21.87 

51-60 6 8 14 32.55 4 5 9 14.06 

61-70 7 2 9 20.93 1 1 2 3.125 

Total 24 19 43 99.98 28 36 64 99.985 
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    Figure5.1.2: Gender and Age Distribution 

Types of Surgery: 

Figure and table 5.2.1.A and B  shows the surgeries performed in diabetic and 

non-diabetic patients. Amongst diabetic patients, gastric bypass was carried out 

in 21 patients, sleeve gasterectomy in 16 patients and banded sleeve in 1 patient, 

mini gastric bypass in 1 patient and revision in 1 patients. Amongst non-diabetic 

patients, gastric bypass was performed in 15 patients, sleeve gasterectomy eas 

performed in 37 , mini gastric bypass in 2, banded sleeve in 7 and revision was 

in 1 patient. 
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                  Table: 5.2.1: Surgeries in Diabetic and Non-Diabetic  patients 

Type of 

surgery 

Sleeve 

Gasterectomy 

Gastric 

bypass 

Mini gastric 

bypass 

Banded 

sleeve 

Revision 

bariatric 

surgery 

Gastric 

Balloon 

 Total 

Diabetic 

Patients 16 21 1 4 1 

 

0 43 

Per 

cent(%) 37.20 48.83 2.32 9.30 2.32 

 

0 100 

Non 

Diabetic  37 15 2 7 1 

 

2 64 

Percentage 

(%) 57.81 23.43 3.125 10.93 1.56 

 

3.125 100% 

   

 

A                                                           B                                                                                               

Figure 5.2.1: Types of Bariatric Surgeries  
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5.3 BIOCHEMICAL PAMETERS 

5.3.1 HbA1C:  

Table 5.3.1.1 and 5.3.1.2 shows that there was significant (p<0.001) reduction in mean 

HbA1c levels after 3 months and 6 months of bariatric surgery as compared to baseline 

levels in diabetic patients. In non-diabetic patients also, there was a significant 

(p<0.001) reduction in mean HbA1c levels after 6 months of bariatric surgery as 

compared to baseline levels.  In Diabetic Patients, at baseline there were 2.32% patients 

with HbA1c less than 6, 27.99% with 6-7.5%, 27.99% with 7.6-8.5 and 41.86% with 

more than 8.5% HbA1c. After 3 months, 37.2% had HbA1c <6 and after 6 months 

51.16% had HbA1c< 6 indicating complete remission of diabetes of diabetes after 

bariatric surgery. In non-diabetic patients the levels of HbA1c was normal before and 

after bariatric surgery.  

5.3.1.1 Effect of Bariatric surgery in mean HbA1c levels in Diabetic and Non-

Diabetic Patients 

  % HbA1c 

 N Baseline 3 months 6 months 

Diabetic 43 8.42±1.88 6.5 ±0.89*** 6.10 

±0.997*** 

Non-

Diabetic 

64 6.35 ±1.17 5.37 ±0.48 5.48 

±0.48*** 

Each value represents Mean±SD 

***significantly different from baseline (p<0.001) 

 

Table 5.3.1.2: Distribution of Diabetic and Non-diabetic according to % HbA1c 

HbA1c %BL %F-1 %F-2 

<6 2.32 37.2 51.16 

6-7.5 27.99 55.81 48.83 

7.6-8.5 27.99 6.97 0 

>8.5 41.86 0 0 
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Figure 5.3.1.1 Effect of Bariatric surgery in mean HbA1c levels in Diabetic and 

non-diabetic patients 

Each value represents Mean±SD 

***significantly different from baseline (p<0.001) 

 

 

5.3.1.2 Distribution of patients according to %Hba1c 
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5.3.2 Body Mass Index (BMI): 

BMI in Non-diabetic and Diabetic Patients:  

Table 5.3.2.1 shows the mean change in diabetic and non-diabetic patients. There was a 

significant (p<0.001) reduction in mean BMI levels after 3 and 6 months of bariatric 

surgery as compared to baseline in diabetic patients. There was a significant (p<0.001) 

reduction in mean BMI levels after 3 and 6 months of bariatric surgery as compared to 

baseline in non-diabetic patients also. 

    Table 5.3.2.2 represents distribution pattern of BMI of diabetic and non-diabetic 

patients. Out of 64 non-diabetic patients, there were 1.75% patients with BMI 25-29.9, 

7.017% patients with BMI 30-34.9, 22.8% patients with BMI 35-39.9, 56.14% patients 

with 40-49.9 and 10.52% patients with BMI more than 50 kg/m
2
. After 3 months it was 

found 3.5%, 1.75%, 35.087%, 26.07%, 28.07% and 5.26 respectively for BMI. After 6 

months it was 5.26%, 28.07%, 24.56%, 22.8%, 19.29% and 0% respectively.      

       Out of 43 diabetic patients, at baseline, there were 0% patients with BMI 25-29.9, 

16.27% patients with BMI 30-34.9, 20.93% patients with BMI 35-39.9, 48.83% patients 

with 40-49.9 and 13.95% patients with BMI more than 50 kg/m
2
. After 3 months BMI 

per cent change was found 3.5%, 1.75%, 35.087%, 26.07%, 28.07% and 5.26 

respectively for BMI. After 6 months it was 5.26%, 28.07%, 24.56%, 22.8%,19.29%  

and 0%  respectively            

5.3.2.1 Effect of Bariatric surgery on mean BMI levels in Diabetic an non-

diabetic patients 

Body Mass Index(kg/m
2
) 

 N Baseline 3 months 6 months 

Diabetic 43 42.67±7.40 37.40±6.82*** 34.96±7.71*

** 

Non-

Diabetic 

64 42.5311±7.29 38.0314±7.66*** 34.16105±6.

74*** 

           Each value represents Mean±SD 

           ***significantly different from baseline (p<0.001) 
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         5.3.2.2 Distribution of non-diabetic and diabetic patients according to BMI                         

Non -diabetic    

BMI Kg/m
2 

Baseline 3 months 6 months 

18.5-24.9 1.75 3.5 5.26 

25-29.9 1.75 1.75 28.07 

30-34.9 7.017 35.087 24.56 

35-39.9 22.8 26.31 22.8 

40-49.9 56.14 28.07 19.29 

>=50 10.52 5.26 0 

 Diabetic       

BMI kg/m
2 

%baseline 3 months 6 months 

18.5-24.9 0 0 4.65 

25-29.9 0 13.95 20.93 

30-34.9 16.27 27.9 32.55 

35-39.9 20.93 25.58 20.93 

40-49.9 48.83 30.23 18.6 

>=50 13.95 2.32 2.32 
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5.3.2.1 Effect of bariatric surgery on mean BMI levels in Diabetic and non-diabetic 

patients 

Each bar represents Mean±SD 

***significantly different from baseline (p<0.001) 

 

 

Figure 5.3.2.2 a: Distribution of non-diabetic according to % BMI 
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                Figure 5.3.2.2 b Distribution of non-diabetic according to % BMI 

5.3.3 Cholesterol:  

 Table 5.3.3.1 shows the effect of bariatric surgery on mean total cholesterol in 

diabetic an non diabetic patients. There was no significant reduction in mean total 

cholesterol levels after 3 months and 6 months of bariatric surgery as compared to 

baseline levels in non-diabetic patients while in diabetic patients there was no 

significant (p<0.05) reduction in total cholesterol levels after 3 months of bariatric 

surgery, but after 6 months there was significant(p<0.05) reduction in Total cholesterol 

after bariatric surgery. 

At baseline in out of 64 non Diabetic patients, there were  29.23% patients with 

cholesterol between 101-150 mg/dL, 53.84% patients with cholesterol between 151 to 

200mg/dL and 16.92 % patients with cholesterol more than 200. After 3 months, the 

percentage were o%,43.07%, 41.53% and 15 38% respectively. After 6 months the 

change in percentage was 0%, 53.84%, 33.84%, 12.31% respectively.  

 At baseline out of 43 diabetic patients, there were 51.16% patients with 

cholesterol between 101-150 mg/dL, 32.55% patients with cholesterol between 151 to 

200mg/dL and 16.27 % patients with cholesterol more than 200. After 3 months, the 
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percentage were o%,67.44%, 25.58% and 6.97% respectively. After 6 months the 

change in percentage was 0%, 74.41, 23.25, 2.32respectively.  

5.3.3.1 Effect of Bariatric surgery on mean Total Cholesterol levels in 

Diabetic an non-diabetic patients 

Total Cholesterol(mg/dL) 

 N Baseline 3 months 6 months 

Diabetic 43 162.80±21.45 151.53±44 142.24±40* 

Non-Diabetic 64 167.01±42 161.28±34 161.28±36 

Each value represents Mean±SD 

*significantly different from baseline (p<0.01) 

 

Table 5.3.3.2: Distribution of non-diabetic and diabetic patients according to 

Cholesterol 

Cholesterol(mg/dL) Baseline% 3 months% 6 months% 

Non-Diabetic       

101-150 29.23 43.07 53.84 

151-200 53.84 41.53 33.84 

>200 16.92 15.38 12.31 

Diabetic       

100-150 51.16 67.44 74.41 

151-200 32.55 25.58 23.25 

201-250 16.27 6.97 2.32 
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Figure 5.3.3.1 Effect of bariatric surgery on mean total cholesterol levels in 

Diabetic and non-diabetic patients 

Each bar represents Mean±SD 

*significantly different from baseline (p<0.01) 

 

 

Figure 5.3.3.2 a: Distribution of non-diabetic according to %cholesterol 
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   5.3.3.2 b Distribution of diabetic according to % cholesterol 

 

5.3.4 Triglycerides: 

      Table 5.3.4.1 depicts change in diabetic and non-diabetic patients undergoing 

bariatric surgery. There was significant ( p<0.05) reduction in mean triglycerides levels 

after 3 months and after 6 months there was significant(p<0.01) reduction after 6 

months after bariatric surgery as compared to baseline in diabetic patients. There was no 

significant reduction in non-diabetic patients after 3 months of bariatric surgery but after 

6 months, there was significant (p<0.05) reduction observed after bariatric surgery.  

      Table 5.3.4.2a and b represents distribution pattern of triglycerides of diabetic and 

non-diabetic patients.Out of 64 non-diabetic patients, at baseline there were 46.15% 

patients with triglycerides less than 150, 36.92% patients with triglycerides between 

151-199 mg/dL, 16.92% patients with triglycerides more than 200mg/dL in non-

diabetic group. After 3 months 56.92% of the patients had triglycerides levels normal 

and after 6 months 69.235 patients had normal levels of Triglycerides.(<105mg/dL) 

     In diabetic patients,   at baseline there were 43.9% patients with triglycerides less 

than 150, 31.7% patients with triglycerides between 151-199 mg/dL, 24.39% patients 

with triglycerides more than 200mg/dL in non-diabetic group. After 3 months 47.5% 
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ahd norma triglycerides level and 52.55 patients had normal triglycerides after 6 

months.  

5.3.4.1 Effect of Bariatric surgery on mean Triglycerides levels in Diabetic 

an non-diabetic patients 

Triglycerides (mg/dL) 

 N Baseline 3 months 6 months 

Diabetic 43 162.42 ±77.50 131.25 ±47.86* 116.12  

±48.90*** 

Non-Diabetic 64 135.03±70.04 125.25±62.12 109.657±52.69* 

Each value represents Mean±SD 

* Significantly different from baseline (P<0.05) 

***significantly different from baseline (P<0.001) 

      

 5.3.4.2 Distribution of non-diabetic and diabetic according to % Triglycerides 

Non Diabetic       

Triglycerides(mg/dL) %Baseline %3 months %6 months 

<150 46.15 56.92 69.23 

151-199 36.92 32.32 26.15 

>200 16.92 10.76 4.61 

Diabetic       

Triglycerides (mg/dL)       

<150 43.9 47.5 52.5 

150-199 31.7 30 35 

>200 24.39 22.5 12.5 
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5.3.4.1. Effect of Bariatric surgery on mean Triglycerides level in Diabetic and 

non-diabetic patients 

Each bar represents Mean±SD 

*significantly different from baseline (P<0.01) 

***significantly different from baseline (P<0.001) 
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Figure 5.3.4.2a Distribution of non-diabetic according to %Triglyccerides 

 

 

                 Figure 5.3.4.2b Distribution of diabetic according to %Triglycerides  
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5.3.5 HDL: 

 Table 5.3.5.1 shows the mean change in diabetic and non-diabetic patients 

undergoing bariatric surgery .There was no significant increase after 3 months after 

bariatric surgery compared to baseline after bariatric surgery in diabetic patients while 

after 6 months there was significant(p<0.01) increase after bariatric surgery compared 

to baseline. While in non-diabetic patients there was no significant difference observed 

after bariatric surgery compared to baseline.  

Table 5.3.5.1 represents distribution pattern of HDL of diabetic and non-diabetic 

patients. Out of 64 non-diabetic patients at baseline,  there were 37.48% patients with 

HDL less than 40mg/dL, 64.51% patients with HDL between 40-100 mg/dL and 0% 

patients with HDL more tahn100mg.After 3 months 82.25 % patients had HDL between 

40-100 and after 6 months 88.7% patients had normal range of HDL i.e. 40-100 mg/dL. 

At baseline in diabetic group, there were 37.2% patients with HDL less than 

40mg/dL, 58.13% patients with HDL between 40-100 mg/dL and 4.65% patients with 

HDL more tahn100mg.After 3 months 62.79 % patients had HDL between 40-100 and 

after 6 months65.11% patients had normal range of HDL i.e. 40-100 mg/dL. 

5.3.5.1 Effect of Bariatric surgery on mean HDL levels in Diabetic an non-

diabetic patients 

HDL (mg/dL) 

 N Baseline 3 months 6 months 

Diabetic 43 42.78±9.17 44.54 ±9.87  50.45 ±11.50* 

Non-Diabetic 64 45.54±18.43 44.94±8.07 48.99±11.10 

Each value represents Mean±SD 

*significantly different from baseline (P<0.01) 
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            5.3.5.2 Distribution of non-diabetic and diabetic according to % HDL 

Non Diabetic(%)       

HDL(mg/dL) Baseline 3 months 6 months 

<40 35.48 17.74 11.29 

40-100 64.51 82.25 88.7 

>100 0 0 0 

Diabetic(%)       

HDL       

<40 37.2 34.88 32.55 

40-100 58.13 62.79 65.11 

>100 4.65 2.32 2.32 

 

5.3.5.1 Effect of Bariatric surgery on mean HDL levels in Diabetic an non-diabetic 

patients 

Each value represents Mean±SD 

*significantly different from baseline (p<0.01) 
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5.3.5.2.a Distribution of non-diabetic according to % HDL 

 

Figure 5.3.5.2.b: Distribution of non-diabetic according to % HDL 
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5.3.6 LDL: 

Table 5.3.6.1 shows the mean changes in diabetic and non-diabetic patients undergoing 

bariatric surgery. There was no significant change in LDL levels after 3 months but 

there was significant (p<0.05) increase in LDL levels after 6 months of bariatric surgery 

in diabetic patients. In non-diabetic patients there was significant (p<0.001) increase 

after 3 months and significant (P<0.05) increase after 6 months after bariatric surgery.   

Table and graph 5.3.6.2 a gives information of change in LDL levels in non-diabetic 

individuals. The level of LDL decreased to normal levels after follow up 1 and follow 

up 2. The per cent of LDL increased from 60% to 76%  after 6 months.  

      Table and figure 5.3.6.2b  depict the changes in LDL levels after bariatric surgery in 

diabetic group. In diabetic group, LDL level went to normal (100mg/dL) in 92.3 %. The 

levels which were risky decreased to 2.56%. After follow up, LDL levels decreased 

gradually in follow up 1 and follow up 2. 

 

5.3.6.1 Effect of Bariatric surgery on mean LDL levels in Diabetic an non-

diabetic patients 

LDL(mg/dL) 

 N Baseline 3 months 6 months 

Diabetic 43 86.4578 ±7.80 84.38 ±8.23 94.78±5,70** 

Non-Diabetic 64 94.68±3.84 101.32±9.49*** 106.39±4.070** 

Each value represents Mean±SD 

** significantly different from baseline (p<0.05) 

***significantly different from baseline (p<0.001) 
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5.3.6.2 Distribution of non-diabetic and diabetic according to % LDL 
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5.3.6.1 Effect of Bariatric surgery on mean LDL levels in Diabetic an non-diabetic 

patients 

Each bar represents Mean±SD 

** Significantly different from baseline (p<0.05) 

***significantly different from baseline (p<0.001) 

 

LDL Non Diabetic Baseline% 3 months% 6 months% 

<100 mg/dL 60.31 73.77 76.92 

100-129 28.57 19.67 15.38 

130-159 6.34 4.91 3.07 

>160 4.76 1.63 4.61 

LDL Diabetic  

<100 74.35 79.48 92.3 

100-129 17.94 15.38 5.12 

130-159 7.69 5.12 2.56 
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5.3.6.2a Distribution of non-diabetic patients according %LDL 

 

5.3.6.2b Distribution of diabetic patients according to %LDL 
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B: Prospective Study: 

Result: 

49 patients underwent bariatric surgery from January 2016 to March 2016. On 

enrolment, 2 did not meet the inclusion criteria;hence 47 patients were asked to give 

their consent. 2 patients refused to provide consent and hence 45 patients were enrolled 

in the study. Out of these 45, 5 tissuessamples could not be taken since they developed 

some complications during the surgery. Hence 40 patients were finally recruited in the 

study. (Figure 5.1B) 
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5.4 Demographic Details: 

5.4.1 Sample size and Gender: 

Table 5.4.1 shows that there were 40 patients enrolled in the study. There were 15 

diabetic and 25 non diabetic patients.  

Table 5.4.1 Distribution of gender 

 

 

 

Figure 5.4.1 Distribution of gende 
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 Gender Diabetic(N) Non-Diabetic(N) 

Male 10(66.66%) 10(25%) 

Female 5(33.33%) 15(75%) 

Total 15(100%) 25(100%) 
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5.4.2 Occupation:  

There were 40 patients and table 5.4.2 shows that  from them 7.31% were retired, 

4.87% were students, 24.39% were doing job, 34.14% were house maker, 24.39% were 

having business and 4.87% were farmer.  

Table 5.4.2 Occupation 

Occupation N 

Retired 3(7.31%) 

Student 2(4.87%) 

Job 10(24.39%) 

Housewife 14(34.14%) 

Business 10(24.39%) 

Farmer 2(4.87%) 

Total 41(100%) 

 

 

Figure 5.4.2 Occupation 
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5.4.3 Marital Status : 

Table 5.4.3 shows that  out of 40 patients, 34 were married and 6 were unmarried.  

Table 5.4.3 Marital Status 

Marital 

Status 
N (%) 

Married 34(85%) 

Unmarried 6(15%) 

Total 40(100%) 

 

 

Figure 5.4.3 Marital Status 

5.5  Medical History: 

Table and graph 5.5 show Medical history of 40 patients. 1 patients was having PCOS, 

2 were having mood disorder, 4 were having breathlessness. Asthma and dyslipidaemia 

was in one patients each and dyspnoea was in 3 patients. 7 patients were having joint 

pain and 3 were having hypothyroidism. Depression was observed in 1 patient. 7 patiets 

had some kind of allergies and 12 had none of them. 
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Table 5.5 Medical History 

PCOS 1 

Mood Disorder 2 

Breathlessness 4 

Asthma 1 

Dyslipidaemia 1 

Dyspnoea 3 

Joint Pain 7 

Hypothyroidism 3 

Depression 1 

None 12 

Allergy 7 

 

 

5.5 Medical History 
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5.6 Type of Surgery:  

Diabetic Patients: Table 5.6 shows that out of 14 diabetic patients, RYGB was carried 

out in 14 patients and 1 patient was operated with sleeve gasterectomy. Out of 25 non 

diabetic patients, Sleeve gasterectomy was carried out in 19 patients, RYGB was 

performed in 5 patients and mini gastric bypass was performed in 1 patient. 

5.6 Type of Surgery 

Surgery rygb sleeve 

minigastric 

bypass 

Total 

Non 

Diabetic  5 19 1 

 

25 

Diabetic 14 1 0 15 

 

 

5.6 Types of surgery 
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Discussion: 

Present study was carried out to determine alterations in biochemical parameters in the 

patients undergoing bariatric surgery and determine gene polymorphism. The study has 

two sections: First section involves retrospective data analysis of patients undergoing 

bariatric surgery between May 2015 to December 2015. In the present study, 64 patients 

were non diabetic and 43 patients were diabetic making it to 107 patients. 

It was observed that in non-diabetic patients, sleeve gasterectomy (58%) was 

preferred and in Diabetic patients, Roux en Y Gastric bypass was preferred (51%)  

Sleeve gasterectomy is now a days popular surgery for the obese patients. It is observed 

that sleeve decreases the weight faster than other surgeries. This is more preferable 

because half of the weight loss is achieved because of reduction in stomach volume and 

another is thought to be reduced because of change in the levels of Ghrelin-the hunger 

hormone. (Mehmet et al, 2015)  Sleeve gasterectomy offeres advantages on other 

surgeries like easy procedure, rapid weight reduction and relatively short stay in 

hospital.RYGB is a combination of restrictive and malabsorpive surgery.  It is proposed 

that changing in the engineering of the stomach  and intestine might change the levels of 

hormones in the stomach and gut-mind communication. This may result in blood sugar 

control. (Saeidi et al., 2013). Despite of the hypothetical mechanisms, RYGB is most 

recommended surgery. RYGB offers some advantages like significant long term weight 

reduction, increase inenergy depletion, diabetes remission, more than 50% weight loss 

and some dis-advantages like it is a complicated procedure, certain vitamin deficiencies 

occurs after RYGB. („Bariatric Surgery Procedures - ASMBS‟, n.d.)(Thomas et al, 2012 

It has some disadvantages like it is not reversible procedure and might cause long term 

vitamin deficiencies.   

 As per World Health Organization, weight is classified as normal [18.5-24.9]l, 

overweight[25-29.9], obesity (Type 1) [30-34.9], Obesity(Type II)[35-39.9], Morbid 

Obesity [>=40]- and super obesity[>=50]. BMI is a parameter which determines the 

obesity and overweight. Thus it is an important parameter to classify obesity. Moreover 

if a person is obese, he/she might get other complications like diabetes mellitus, 

hypertension, joint pain, polycystic ovarian syndrome, and certain cancers.  In current 

study, Weight loss was observed in both groups i.e. diabetic and non-diabetic. In both 

non-diabetic and diabetic patients, BMI decreased significantly after 3 months (P<0.01) 



Result  
 

Institute Of Pharmacy, Nirma University Page 76 

and after 6 months (P<0.01). However there was no statistically significant reduction in 

BMI in diabetic patients between 3 and 6 months after the surgery while in non-diabetic 

patients, there was significant reduction in BMI between 3 and 6 months.  Thus we can 

say that in non-diabetic patients, weight loss is consistent than in diabetic patients. A 

study reported that bariatric surgery decreases weight loss significantly compared to 

other obesity treatments in non diabetic patients. (James et al, 2012)  Another study 

carried out in patients who were diabetic and bariatric surgery was performed in them. It 

was observed that BMI decreased  from preoperative mean 137 kg to 87 kg by 1 year. 

(Pories et al, 1995) Our study is consistent with other studies done on diabetic as well as 

non-diabetic patients. It is proposed that control might occur in weight loss because the 

caloric intake has decreased after bariatric surgery and food intake is also decreased 

after bariatric surgery which promotes weight loss. (Long  et al, 1994)  

 Diabetes is characterised by increase in fasting blood sugar levels. Normal range 

of fasting blood sugar is less than 100. In our study fasting blood sugar decreased 

significantly and it was reported normal after the second follow up i.e. 6 months in 

Diabetic patients.  It was noticed that in non-diabetic patients fasting blood sugar 

decreased significantly after 3 months and remained normal after 6 months. One study 

showed the same result that patients FBS returned to normal range after 3 months of the 

bariatric surgery. (An et al. 2013) Another study showed that after bariatric surgery, 

fasting blood glucose decreased from clearly diabetic value to normal levels. (Dixon  et 

al, 2008) Some of the hypotheses given are: 1. Increased postprandial secretion of L-cell 

peptides like GLP-1 2. Exclusion of proximal small intestine form nutrient flow which 

down regulates the anti-incretin factors 3. Impaired ghrelin secretion.  4. Changes in 

intestinal nutrient-sensing mechanisms regulating insulin sensitivity. (Rubino et al, 

2006) 

Glucose levels in diabetic patients are important factor to look after. HbA1c is 

an important biomarker which gives an idea to the clinician about average blood sugar 

have been over a period of weeks or months. (Diabetes CO UK ) HbA1c is important to 

observe in diabetic patients because higher the HbA1c, higher would be the 

complications in the patients. (Glycated Haemoglobin, Patient info). In the present 

study, the mean of HbA1c in diabetic patients was found 8.42 at baseline which reduced 

significantly after 3 months and 6 months. It indicates the remission of diabetes in the 
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patients. In our study, after 3 months 37.2% patients had good control, 55.81% of the 

patients had fair control after the surgery. After 6 months, it was found that 51.16 % of 

the population had experienced complete diabetes remission i.e. HbA1c<6.0%. 48.83% 

had fair control i.e HbA1c 6-6.7%. It has been reported in one meta-analysis done by 

Buchwald et al in 2009 in The United States of America that 89% of the patients 

reported complete remission of type II diabetes mellitus. (Buchwald et al, 2009). 

Another study conducted by Sjstrom et al(2014) in Sweden reported that in non-surgical 

patients the remission was 16.4% while in bariatric patients the remission was 72.3% 

within 2 years of the bariatric surgery. (Sjstrom et al., 2014) This indicates that there is 

difference in terms of diabetes remission in Indian population. This different might be 

attributes to the fact that diabetes in Indian population is quite different than American 

and European (Unjali et al, 2012). South Asians are shown to be shown to be more 

insulin resistant than Caucasian populations even at younger ages and lower levels of 

BMI. Some of this increased propensity for insulin resistance in South Asians might be 

attributed to greater deposition of visceral fat in South Asians as compared to 

Caucasians (Gujral et al 2013). Thus, the this might be possible mechanism behind 

lesser percentage of patients experiencing complete remission of diabetes in present 

study. In India, certain studies have been performed to see the effect of bariatric surgery 

on diabetic patients. Study carried out by Chowbey et al (2010) showed that after sleeve 

gasterectomy, 73.9% of the patients experienced diabetic remission. A study done by 

Raj et al (2010) showed that after sleeve gasterectomy, 63% of the patients experienced 

remission. Another study showed that after RYGB, 80 of the patients observed diabetes 

remission after 3 months and after 6 months it was 100%. (Shah et al, 2010) In our 

study, we found complete remission in 51.16% of patients.  The reason behind 

difference in terms of less number of patients getting complete remission might be 

because we have studied the effect till 6 months. It is possible that on long term, more 

patients may be remitted completely. There are difference between Indiana and other 

population. Prevalence of Type II diabetes is higher in south Asians and is rising 

rapidly. There are many differences in the populations like physical activity, diet and 

other behaviours. (Gujaral et al, 2012) Our results are not that similar to the reports 

available.   
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Lipid profile is an important factor which is useful for broad medical screening 

of abnormalities in lipids, such as cholesterol, triglycerides, HDL, VLDL and LDL. The 

result of this test can be useful for determining the risk of cardiovascular diseases. 

(Cardiovascular Risk reduction guidelines- NHLBI, NIH) Cholesterol is an essential 

lipid component of cell membrane. High cholesterol levels may promote atherosclerosis 

and heart disorders. It is an important biomarker for cardiovascular disorders. 

(Cholesterol Metabolism). In the present study, cholesterol levels were significantly 

reduced in diabetic group after 6 months but in non-diabetic patients the significant 

difference was not observed.  After bariatric surgery, it is observed that the cholesterol 

levels decline and improves the cardiovascular functioning. Our study was in contrast 

with a study performed by Brolin et al (2011), Nguyen et al (2007) and Dixon et al 

(2009). They all have reported that after bariatric surgery the level of cholesterol 

reduced significantly in non-diabetic patients. These differences might be attributed to 

types of surgery being carried out. One study carried out on diabetic patients showed 

reduction in total cholesterol levels after bariatric surgery (Alberto et al, 2013). Also, 

reduction in cholesterol levels were seen after 6 months in study by Bela et al. (2010). 

Thus, in diabetic patients, our data are in consistence with other reports. 

Low density lipoprotein is negatively co-related with heart functioning. More 

LDL, higher will be the risk of cardiovascular problems. Obese people are having 

increased risk of having metabolic disorders, coronary heart diseases and LDL and 

VLDL plays a role in these diseases. In our study, there was significant change in LDL 

levels after 6 months in diabetic patients and in non diabetic patients there was 

significant change after bariatric surgery. The LDL levels reports is available in 

accordance with our result in which one study showed decreased level of LDL after 

bariatric surgery (Alberto et al, 2013). In contrast to this, studies carried out by Dixon et 

al.(2009) and Hanusch et al.(2004) showed that after bariatric surgery there was no 

change observed in the level of LDL. It was in contrast with our result, which might be 

due to difference in obesity pattern in Indian population.  

Triglycerides are fat in the blood and is useful for providing energy to the body 

when needed. They are stored in different places in the body and released whenever it is 

needed. Higher levels of triglycerides may lead to heart diseases. (WebMD, Cholesterol 

and Triglycerides Health Center). In the present study, in both diabetic and non-diabetic 
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patients, triglycerides decreased significantly after 6 months. One study showed that 

triglyceride levels constantly reduced after the weight loss surgery (Buchwald et al, 

2004). Greater impact was seen with RYGB surgery. Mechanism is may be because of 

gut microbacteria alteration which occurs after exogenous changes in diet and altered 

luminal pH. (Zhang et al, 2009) Another study done by Nguyen et al (2006) also 

showed the same result with triglycerides. One study showed that after bariatric surgery, 

triglycerides reduced after 3 months in non-diabetic patients. i.e. 53%. (Carswell et al, 

2015) Another study carried out on diabetic patient showed that after 1 year 

triglycerides levels decreased subsequently to 100mg/dL and 80.6% had normal range 

of triglycerides. (Pedro et al, 2013)  

In the present study, high density lipoprotein increased significantly in diabetic 

patients after 6 months of bariatric surgery. However in non-diabetic patients, there was 

no statistical significance found between baseline and 3 months follow up as well as at 6 

months follow up. A study done by Griffo et al (2012) in 19 obese diabetic patients 

showed that, HDL level increased after bariatric surgery. This was in consistent with 

our study. One study done by Buchwald et al (2004) and Sjatrom et al(2004) showed 

increased amount of HDL after bariatric surgery in non-diabetic patients.. It increased 

from 13% to 47% after weight loss surgery. Therefore, we can say that our data is in 

contrast with other studies with respect to non-diabetic patients. It is reported that South 

Asians not only have lower HDL levels but also have a higher concentration of small, 

less-protective HDL particles (Bhalodkar et al 2004). Asian Indian males have a higher 

prevalence of low HDL2b than non-Asian Indians, which suggests impaired reverse 

cholesterol transport (Superko et al 2005). Thus, these difference in terms of HDL may 

be responsible for contrasting results in present study. 

The data were analysed for other biochemical parameters like creatinine levels, 

alkaline phosphate levels, TSH levels, Urea levels, vitamin B12  and Vitamin D3 . In 

present study, there was no significant change observed after 3 and 6 months compared 

to baseline after bariatric surgery. 

It is observed that iron deficiencies occur after bariatric surgery. However, 

because patients are prescribed supplements after the surgery, deficiencies are not 

observed in the present study. 
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 The limitations of the study are that we could obtain the data upto six months 

post-surgery. Long term studies might give better results and more predictive indicators 

of response to bariatric surgery. Also, we do not have the data with respect to the anti-

diabetic medications been taken by the patients which might act as confounders for the 

study. For gene polymorphism, we could carry out the SNP study of only 7 patients. 

More number of sample analysis is required to confirm the variation data. 
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Conclusions: 

In conclusion our study suggests that obesity leads to many complications and bariatric 

surgery is useful in treating those complications. In the retrospective study, one major 

effect observed in the study was complete remission of diabetes after bariatric surgery 

in 51.16% of the patients.  

 

 

 

 

 



[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 82 

      REFERENCES: 

 

  Adams TD,
 
AM Stroup,  Gress RE , Adams KF, Calle EE,  Smith 

SC,  Halverson RC, Simper SC, Hopkins PN, and  Hunt SC, Cancer Incidence 

and Mortality After Gastric Bypass Surgery, Obesity (Silver Spring). 2009 Apr; 

17(4): 796–802. 

 Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC, Rosamond WD, 

Lamonte MJ, Stroup AM, Hunt SC. Long-term mortality after gastric bypass 

surgery. N Engl J Med. 2007;357:753–761 

 Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC, Rosamond 

WD, Lamonte MJ, Stroup AM,Hunt SC.Adams TD, Gress RE,  Smith SC,  et al. 

Long-term mortality after gastric bypass surgery. N Engl J Med 2007;357:753–

761 

 Afshinnia F,  Wilt TJ, Duval S,  et al. Weight loss and proteinuria: systematic 

review of clinical trials and comparative cohorts. Nephrol Dial Transplant 

2010;25:1173-1183 

 Association of Ghrelin Receptor Promoter Polymorphisms with Weight Loss 

Following Roux-en-Y Gastric Bypass Surgery. (n.d.). [Cited 17 November 

2015], Available  from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3545394/ 

 B. Buffa, J.M. Polak, A.G.E. Pearse, E. Solcia, L. Grimelius, C. Capella, B. 

Geloneze, M. A. Tambascia, V. F. Pilla, S. R. Geloneze, E. M. Repetto, and J. 

C. Pareja, “Ghrelin: a gut-brain hormone. Effect of gastric bypass 

surgery,” Obesity Surgery 2003; 13(1): 17–22 

 Borgström B, Mode of action of tetrahydrolipstatin: a derivative of the naturally 

occurring lipase inhibitor lipstatin.  Biochimica Et Biophysica Acta 1988; 

962(3):308–316. 

 Brahmbhatt KR, Oza UN. Obesity among adolescence of Ahmedabad city, 

Gujarat, India- A community based cross-sectional study. Int J Biol Med Res. 

2012;3(2): 1554-1557 

 Broom I., Wilding J., Scott P., Myers N., Randomised trial of the effect of 

orlistat on body weight and cardiovascular disease risk profile in obese patients: 

UK multimorbidity study. Int. J. Clin. Pract. 2002; 56, 494–499 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20TD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gress%20RE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20KF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calle%20EE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20SC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halverson%20RC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simper%20SC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hopkins%20PN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hunt%20SC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19148123
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19148123
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gress%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halverson%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simper%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosamond%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosamond%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lamonte%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stroup%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hunt%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=17715409
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3545394/


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 83 

 Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W, Fahrbach K, 

Schoelles K. Bariatric surgery: a systematic review and meta-

analysis. JAMA.2004; 292: 1724–1737 

 Buchwald H, Estok R,  Fahrbach K et al, Weight and type 2 diabetes after 

bariatric surgery: systematic review and meta-analysis. Am J Med 

2009;122:248–256 

 Le Roux CW,  Aylwin SJB,  Batterham RL, et al., “Gut hormone profiles 

following bariatric surgery favor an anorectic state, facilitate weight loss, and 

improve metabolic parameters,” Annals of Surgery, vol. 243, no. 1, pp. 108–

114, 2006 

 Cardiology 2006 World Congress,  http://www.medscape.com/viewarticle/ 

544229%3Frss 

 Christou NV, Sampalis JS, Liberman M, Look D, Auger S, McLean AP, 

MacLean LD. Surgery decreases long-term mortality, morbidity, and health care 

use in morbidly obese patients. Ann Surg. 2004;240: 416–423; discussion 423–

424. 

 Cohen R, Pinheiro JS, Correa JL, Schiavon CA. Laparoscopic Roux-en-Y 

gastric bypass for BMIo35 kg/m
2
: a tailored approach. Surg Obes Relat Dis 

2006; 2: 401–404 

 Colquitt J, Clegg A, Loveman E, Royle P, Sidhu MK. Surgery forvmorbid 

obesity. Cochrane Database Syst Rev. 2005:CD003641 

 Common and Rare Side Effects for sibutramine oral. (n.d), [Cited 26 December 

2015], Available from http://www.webmd.com/drugs/2/drug-5405/sibutramine-

oral/details/list-sideeffects 

 Cummings DE, Purnell JQ, Frayo RS, et al. A preprandial rise in plasma ghrelin 

levels suggests a role in meal initiation in humans. Diabetes. 2001;50:1714–9. 

 Cummings, DE, Overduin, J. & Foster-Schubert, K.E. Gastric bypass for 

obesity: mechanisms of weight loss and diabetes resolution. Journal of Clinical 

Endocrinology and Metabolism, 89, 2005: 2608–2615. 

 D. E. Cummings, D. S. Weigle, R. S. Frayo, et al., “Plasma ghrelin levels after 

diet-induced weight loss or gastric bypass surgery,” New England Journal of 

Medicine, vol. 346, no. 21, pp. 1623–1630, 2002 

http://www.medscape.com/viewarticle/
http://www.webmd.com/drugs/2/drug-5405/sibutramine-oral/details/list-sideeffects
http://www.webmd.com/drugs/2/drug-5405/sibutramine-oral/details/list-sideeffects


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 84 

 Dangerous Side Effects of Rimonabant (Acomplia). (n.d.).[Cited 12
th

 December 

2015] Available from http://www.leanbodylook.com/dangerous-side-effects-of-

rimonabant-acomplia/ 

 de Luis DA, Pacheco D, Aller R, & Izaola O, Role of the rs6923761 gene 

variant in glucagon-like peptide 1 receptor gene on cardiovascular risk factors 

and weight loss after biliopancreatic diversion surgery. Ann Nutr Metab. 2014; 

65(4):  259–263 

 DePaula AL,  Stival A,  Halpern A,  Vencio S . Thirty-day morbidity and 

mortality of the laparoscopic ileal interposition associated with sleeve 

gastrectomy for the treatment of type 2 diabetic patients with BMI <35: an 

analysis of 454 consecutive patients. World J Surg 2011;35:102 

 Despres JP, Moorjani S, Pouliot MC, Tremblay A, Nadeau A, Lupien PJ, 

Bouchard C. Correlates of plasma very-low-density lipoprotein concentration 

and composition in premenopausal women. Metabolism. 1990;39:577–583 

 Despres JP. Obesity and lipid metabolism: relevance of body fat distribution. 

Curr Opin Lipidol. 1991;2:5–15. 

 Diaz MN, Serra A, Romero R, Bonet J, Bayes B, Homs M, Perez N and Bonal J, 

Effect of Drastic weight loss after Bariatric surgery on renal parameters in 

extremely obese patients: Long-Term Follow Up. JASN. 2006; Vol.17, 12(3): 

213-217 

 Dietl J. 2005. Maternal obesity and complications during pregnancy. J Perinat 

Med 33:100–5. 

 Dixon JB, O'Brien PE, Playfair J, Chapman L, Schachter LM, Skinner S, 

Proietto J, Bailey M, Anderson M, Adjustable gastric banding and conventional 

therapy for type 2 diabetes: a randomized controlled trial,  JAMA. 2008 Jan 23; 

299(3):316-323. 

 Drucker DJ: The biology of incretin hormones. Cell Metab3 :153 –165,2006 

 E. Garcia-Fuentes, L. Garrido-Sanchez, J. M. Garcia-Almeida, et al., “Different 

effect of laparoscopic Roux-en-Y gastric bypass and open biliopancreatic 

diversion of Scopinaro on serum PYY and ghrelin levels,” Obesity Surgery, vol. 

18, no. 11, pp. 1424–1429, 2008. 

http://www.leanbodylook.com/dangerous-side-effects-of-rimonabant-acomplia/
http://www.leanbodylook.com/dangerous-side-effects-of-rimonabant-acomplia/


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 85 

 E. Lin, N. Gletsu, K. Fugate, et al., “The effects of gastric surgery on systemic 

ghrelin levels in the morbidly obese,” Archives of Surgery, vol. 139, no. 7, pp. 

780–784, 2004. 

 Ehrmann DA. 2005. Medical Progress. Polycystic ovary syndrome. N Engl J Med 352:1223–36.  

 Eissele R, Goke R, Willemer S, Harthus HP, Vermeer H, Arnold R, Goke B: 

Glucagon-like peptide-1 cells in the gastrointestinal tract and pancreas of rat, pig 

and man. Eur J Clin Invest22 :283 –291,1992 

 Esposito K, Giugliano F, Di Palo C, Giugliano G, Marfella R, D‟Andrea F, et al. 

2004. Effect of lifestyle changes on erectile dysfunction in obese men: a 

randomized controlled trial. JAMA 291:2978–84. 

 Geloneze B, Tambascia MA, Pilla VF, S. R. Geloneze SR, Repetto EM, and  

Pareja JC, “Ghrelin: a gut-brain hormone. Effect of gastric bypass surgery,” 

Obesity Surgery. 2003; vol. 13: 17–22 

 Goldfine AB, Mun EC, Devine E, et al. Patients with neuroglycopenia after 

gastric bypass surgery have exaggerated incretin and insulin secretory responses 

to mixed meal. J Clin Endocrinol Metab 2007;92:4678–4685  

 Gutierrez JA, Solenberg PJ, Perkins DR, Willency JA, Knierman MD, Jin Z, 

Witcher  DR, Luo S, Onyia JE & Hale JE. Ghrelin octanoylation mediated by an 

orphan lipid transferase. Proceedings of the National Academy of Sciences of 

the United States of America. 2008: 105; 6320-6325.  

 H. S. Callahan, D. E. Cummings, M. S. Pepe, P. A. Breen, C. C. Matthys, and D. 

S. Weigle, “Postprandial suppression of plasma ghrelin level is proportional to 

ingested caloric load but does not predict intermeal interval in humans,” Journal 

of Clinical Endocrinology and Metabolism, vol. 89, no. 3, pp. 1319–1324, 2004. 

 Hampel H, Abraham NS, El-Serag HB. 2005. Meta-analysis: obesity and the 

risk for gastroesophageal relux disease and its complications. Ann Intern Med 

143:199–211 

 Holst JJ: Glucagon-like peptide-1: from extract to agent: the Claude Bernard 

Lecture,2005 . Diabetologia49 :253 –260, 2006 

 http://www.medpagetoday.com/resource-center/Advances-in-RA-

Management/Bariatric-Surgery-in-RA/a/49494 

http://www.medpagetoday.com/resource-center/Advances-in-RA-Management/Bariatric-Surgery-in-RA/a/49494
http://www.medpagetoday.com/resource-center/Advances-in-RA-Management/Bariatric-Surgery-in-RA/a/49494


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 86 

 http://www.sages.org/meetings/annual-meeting/abstracts-archive/do-thyroid-

stimulating-hormone-levels-change-after-gastric-bypass-surgery/ 

 http://www.webmd.com/diet/obesity/20120621/bariatric-surgery-cuts-heart-

attack-risk-for-years?page=2 (Webmed) 

 https://asmbs.org/patients/bariatric-surgery-procedures 

 https://www.idf.org/sites/default/files/EN_6E_Atlas_Full_0. 

 https://www.idf.org/sites/default/files/EN_6E_Atlas_Full_0.pdf (23rd October, 

2015) 

 J. Korner, M. Bessler, L. J. Cirilo, et al., “Effects of Roux-en-Y gastric bypass 

surgery on fasting and postprandial concentrations of plasma ghrelin, peptide 

YY, and insulin,”Journal of Clinical Endocrinology and Metabolism, vol. 90, 

no. 1, pp. 359–365, 2005. 

 J. Vendrell, M. Broch, N. Vilarrasa, et al., “Resistin, adiponectin, ghrelin, leptin, 

and proinflammatory cytokines: relationships in obesity,” Obesity Research, vol. 

12, no. 6, pp. 962–971, 2004. 

 Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass 

index explains obesity-related health risk. Am J Clin Nutr. 2004;79:379–384. 

 K. Schindler, G. Prager, T. Ballaban, et al., “Impact of laparoscopic adjustable 

gastric banding on plasma ghrelin, eating behaviour and body 

weight,” European Journal of Clinical Investigation, vol. 34, no. 8, pp. 549–554, 

2004 

 Karason K, Wikstrand J, Sjostrom L, Wendelhag I. Weight loss and progression of 

early atherosclerosis in the carotid artery: a four-year controlled study of obese subjects. 

Int J Obes Relat Metab Disord. 1999; 23: 948–956 

 Kaveeshwar SA, Cornwall J, The current state of diabetes mellitus in India. 

Australas Med J. 2014; 7(1): 45-48 

 Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG, et al. 

Obesity and the risk of heart failure. N Engl J Med. 2002;347:305–313 

 Keskin M, Kurtoglu S, Kendirci M, et al. Homeostasis model assessment is 

more reliable than the fasting glucose/insulin ratio and quantitative insulin 

sensitivity check index for assessing insulin resistance among obese children 

and adolescents. Pediatrics. 2005;115:e500 

http://www.sages.org/meetings/annual-meeting/abstracts-archive/do-thyroid-stimulating-hormone-levels-change-after-gastric-bypass-surgery/
http://www.sages.org/meetings/annual-meeting/abstracts-archive/do-thyroid-stimulating-hormone-levels-change-after-gastric-bypass-surgery/
http://www.webmd.com/diet/obesity/20120621/bariatric-surgery-cuts-heart-attack-risk-for-years?page=2
http://www.webmd.com/diet/obesity/20120621/bariatric-surgery-cuts-heart-attack-risk-for-years?page=2
https://asmbs.org/patients/bariatric-surgery-procedures
https://www.idf.org/sites/default/files/EN_6E_Atlas_Full_0
https://www.idf.org/sites/default/files/EN_6E_Atlas_Full_0.pdf


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 87 

 Khaodhiar L, McCowen KC & Blackburn GL, Obesity and its comorbid 

conditions. Clinical Cornerstone, 1999; 2(3): 17–31. 

 Khardori  R., Type II diabetes Mellitus Treatment and management, Medscape 

Drugs and disease, updated 20
th

 April 2015 

 Kim CH, Sarr MG. Severe reflux esophagitis after vertical banded gastroplasty 

 Knop F K, Taylor R, Mechanism of metabolic Advantages after Bariatric 

Surgery, Diabetes Care, American Diabetic Association, August 2013 

 Lawton CL, Wales JK, Hill AJ, et al. Serotoninergic manipulation, meal-induced 

 Le Roux CW, Aylwin SJ, Batterham RL, Borg CM, Coyle F, Prasad V, Shurey 

S, Ghatei MA, Patel AG, Bloom SR. Gut hormone profiles following bariatric 

surgery favor an anorectic state, facilitate weight loss, and improve metabolic 

parameters, Ann Surg. 2006; 243(1):108-14. 

 Lean MEJ: Sibutramine: a review of clinical efficacy. Int J Obes 21:30S–36S, 

1997 

 Lee H, Te C, Koshy S, et al. Does ghrelin really matter after bariatric surgery? 

Surg Obes Relat Dis. 2006;2:538–48. 

 Lee WJ, Wang W, Lee YC, Huang MT, Ser KH, Chen JC. Effect of 

laparoscopic mini-gastric bypass for type 2 diabetes mellitus: comparison of 

BMI435 and o35 kg/m2. J Gastrointest Surg 2008; 12: 945–952. 

 Leonetti F, Silecchia G, Iacobellis G, et al. Different plasma ghrelin levels after 

laparoscopic gastric bypass and adjustable gastric banding in morbid obese 

subjects. J Clin Endocrinol Metab. 2003;88:4227–31. 

 Lin E, Gletsu N, Fugate K, et al. The effects of gastric surgery on systemic 

ghrelin levels in the morbidly obese. Arch Surg. 2004;139:780–4. 

 Liou JM, Lin JT, Lee WJ, Wang HP, Lee YC, Chiu HM, Wu MS. The serial 

changes of ghrelin and leptin levels and their relations to weight loss after 

laparoscopic minigastric bypass surgery, Obes Surg. 2008; 18(1): 84–89.  

 M. Kojima, H. Hosoda, and K. Kangawa, “Purification and distribution of 

ghrelin: the natural endogenous ligand for the growth hormone secretagogue 

receptor,” Hormone Research, vol. 56, supplement 1, pp. 93–97, 2001. 



[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 88 

 M. Kojima, H. Hosoda, Y. Date, M. Nakazato, H. Matsuo, and K. Kangawa, 

“Ghrelin is a growth-hormone-releasing acylated peptide from 

stomach,” Nature, vol. 402, no. 6762, pp. 656–660, 1999.   

 M. Sundbom, C. Holdstock, B. E. Engström, and F. A. Karlsson, “Early changes 

in ghrelin following Roux-en-Y gastric bypass: influence of vagal nerve 

functionality?” Obesity Surgery, vol. 17, no. 3, pp. 304–310, 2007 

 García-Unzueta MT, Fernández-Santiago R,  Domínguez-Díez A,  Vazquez-

Salví L,  Fernández-Escalante JC, and  Amado JA, “Fasting plasma ghrelin 

levels increase progressively after billiopancreatic diversion: one-year follow-

up,” Obesity Surgery, vol. 15, no. 2, pp. 187–190, 2005. 

 Marinari GM,  Papadia FS, Briatore L,  Adami G,  Scopinaro N . Type 2 

diabetes and weight loss following biliopancreatic diversion for obesity. Obes 

Surg2006;16:1440–1444 

 McNeely W., Goa K. L., Sibutramine. A review of its contribution to the 

management of obesity. Drugs 1998.;56, 1093–1124  

 Medscape Conference Coverage Selected sessions: European Society of 

Cardiology 2006 World Congress, http://www.medscape.com/viewarticle/ 

544229%3Frss. 

 Medscape Conference Coverage. Selected sessions: European Society of 

 Mee Kyoung Kim, Wook Kim, Hyuk‐Sang Kwon, Ki‐Hyun Baek, Eung Kook 

Kim, and Ki‐Ho Song, Effects of Bariatric surgery on metabolic and nutritional 

parameters in severely obese Korean patients with type II diabetes: A 

prospective 2 year follow up. J Diabetes Investig.2014; 5(2): 221-227 

 Melanson K, Dwyer J, Popular diets for treatment of overweight and obesity. In 

Handbook of Obesity Treatment. Wadden TA, Stunkard AJ et Al. New York, 

Guilford Press  2002;  249–275 

 Näslund E, Bogefors J, Skogar S, Grybäck P, Jacobsson H, Holst JJ, Hellström 

PM: GLP-1 slows solid gastric emptying and inhibits insulin, glucagon, and 

PYY release in humans. Am J Physiol277 :R910 –R916,1999 

 Navarro-Díaz M,  Serra A,  Romero R, et al. Effect of drastic weight loss after 

bariatric surgery on renal parameters in extremely obese patients: long-term 

follow-up. J Am Soc Nephrol 2006;17:S213-S217. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20MK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20W%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baek%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20EK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20EK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20K%5Bauth%5D


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 89 

 orlistat oral : Uses, Side Effects, Interactions, Pictures, Warnings & Dosing. 

(n.d.)., [Cited 26 December 2015], Available  from 

http://www.webmd.com/drugs/2/drug-17220/orlistat-oral/details 

 Ørskov C: Glucagon-like peptide-1, a new hormone of the enteroinsular 

axis. Diabetologia35 :701 –711,1992 

 Podnos YD, Jimenez JC, Wilson SE, Stevens CM, Nguyen NT. Pontiroli AE, 

Pizzocri P, Librenti MC, Vedani P, Marchi M, Cucchi E, Pories WJ, Swanson 

MS, MacDonald KG, Long SB, Morris PG, Brown BM, Barakat HA, deRamon 

RA, Israel G, Dolezal JM, Who would have thought it? An operation proves to 

be the most effective therapy for adult-onset diabetes mellitus.Ann Surg. 1995 

Sep; 222(3):339-350 

 Pouliot MC, Despres JP, Moorjani S, Lupien PJ, Tremblay A, Nadeau A, 

Bouchard C. Regional variation in adipose tissue lipoprotein lipase activity: 

association with plasma high density lipoprotein levels. Eur J Clin Invest. 

1991;21:398–405.  

 Pradeepa R, Anjana RM, Joshi SR, Bhansali A, Deepa M, Joshi P, Dhandania 

VK, Madhu SV, Rao PV, Loganathan G, Radhakrishnan S, Unnikrishnan R, 

Shukla DK, Kaur T, Mohan V, Das AK, Prevalence of generalised and 

abdominal obesity in urban and rural India- the ICMR-INDIAB Study(Phase I)[ 

ICMR- INDIAB-3], Indian J Med Res 142. 2015; 139-150  

 Pronk NP,Wing RR: Physical activity and long-term maintenance of weight 

loss. Obes Res2:587–599, 1994 

 R. Stoeckli, R. Clianda, I. Langer, and U. Keller, “Changes of body weight and 

plasma ghrelin levels after gastric banding and gastric bypass,” Obesity 

Research, vol. 12, no. 2, pp. 346–350, 2004. 

 Ramchandran A and Chamukuttan S, Obesity in Asia- Is id different from rest of 

the world. Diabetes/ Metabolism Research and Reviews. 2012 

 Ramsey-Stewart G. Vertical banded gastroplasty for morbid obesity: 

 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. 2008. Body mass 

index and the incidence of cancer: a systematic review and meta analysis of 

prospective observational studies. lancet 371-578 

http://www.webmd.com/drugs/2/drug-17220/orlistat-oral/details


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 90 

 Ristow B, Rabkin J, Haeusslein E. Improvement in dilated cardiomyopathy after 

bariatric surgery. J Card Fail. 2008; 14: 198–202 

 Rosik CH. 2005. Psychiatric symptoms among prospective bariatric surgery 

patients: rates of prevalence and their relation to social desirability, pursuit of 

surgery, and follow-up attendance. Obes Surg 15:677–83. 

 Rubino F, Forgione A, Cummings DE, Vix M, Gnuli D, Mingrone G, 

Castagneto M, Marescaux J, The mechanism of diabetes control after 

gastrointestinal bypass surgery reveals a role of the proximal small intestine in 

the pathophysiology of type 2 diabetes.Ann Surg. 2006 Nov; 244(5):741-9. 

 Schauer PR, Burguera B, Ikramuddin S, Cottam D, Gourash W, Hamad G, Eid 

GM, Mattar S, Ramanathan R, Barinas-Mitchel E, Rao RH, Kuller L, Kelley D, 

Effect of laparoscopic Roux-en Y gastric bypass on type 2 diabetes mellitus. 

Ann Surg. 2003 Oct; 238(4):467-484 

 Scheen AJ, Finer N, Hollander P, Jensen MD, Van Gaal LF, RIO-Diabetes study 

Group, Efficacy and tolerability or rimonabant in overweight or obese patients 

with type II diabetes: a randomised controlled study. Lancet. 2006; 

368(9548):1660-72  

 Serra A, Granada ML, Romero R, Bayes B, Canton A, Bonet J, Rull M, Alastrue 

A, Formiguera X: The effect of bariatric surgery on adipocytokines, renal 

parameters and other cardiovascular risk factors in severe and very severe 

obesity:One-year follow up. Clin Nutr 25: 400–408, 2006 

 Shore SA, Fredberg JJ. 2005. Obesity, smooth muscle and airway 

hyperresponsiveness. J Allergy Clin Immunol 115:925–7. 

  Sjostrom CD, Lissner L, Wedel H, Sjostrom L: Reduction in incidence of 

diabetes, hypertension and lipid disturbances after intestinal weight loss induced 

by bariatric surgery: The SOS intervention study. Obes Res 7: 477–484, 1999 

 Sjostrom L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C, Carlsson B, Dahlgren 

S, Larsson B, Narbro K, Sjostrom CD, Sullivan M, Wedel H. Lifestyle, diabetes, and 

cardiovascular risk factors 10 years after bariatric surgery. N Engl J Med. 2004; 351: 

2683–2693 

 Sjostrom L, Narbro K, Sjostrom CD, Karason K, Larsson B, Wedel H, Lystig T, 

Sullivan M, Bouchard C, Carlsson B, Bengtsson C, Dahlgren S, Gummesson A, 



[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 91 

Jacobson P, Karlsson J, Lindroos AK, Lonroth H, Naslund I, Olbers T, Stenlof 

K, Torgerson J, Agren G, Carlsson LM. Effects of bariatric surgery on mortality 

in Swedish obese subjects. N Engl J Med. 2007; 357: 741–752. 

 Stacy AB, Bipan C, Philip RS, Risk and benefits of bariatric Surgery: Current 

Evidence, Cleveland Clinic Journal of Medicine 2006;73: 1-15 

 Stoeckli R, Chanda R, Langer I, et al. Changes of body weight and plasma 

ghrelin levels after gastric banding and gastric bypass. Obes Res. 2004;12:346–

50. 

 McLaughlin, F. Abbasi, C. Lamendola, R. S. Frayo, and D. E. Cummings, 

“Plasma ghrelin concentrations are decreased in insulin-resistant obese adults 

relative to equally obese insulin-sensitive contrls,” Journal of Clinical 

Endocrinology and Metabolism, vol. 89, no. 4, pp. 1630–1635, 2004 

 Thakar CV, Kharat V, Blanck S, et al. Acute kidney injury after gastric bypass 

surgery. Clin J Am Soc Nephrol 2007;2: 426-430. 

 Thomas CB, Cohen BH. The familial occurrence of hypertension and coronary 

artery disease, with observations concerning obesity and diabetes. Ann Intern 

Med. 1955;42:90 –127. 

 Uzun H, Zengin K, Taskin M, Aydin S, Simsek G, Dariyerli N. Changes in leptin, 

plasminogen activator factor and oxidative stress in morbidly obese patients following 

open and laparoscopic Swedish adjustable gastric banding. Obes Surg. 2004; 14: 659–

665 

 Vazquez LA, Pazos F, Berrazueta JR, Fernandez-Escalante C, Garcia-Unzueta MT, 

Freijanes J, Amado JA. Effects of changes in body weight and insulin resistance on 

inflammation and endothelial function in morbid obesity after bariatric surgery. J Clin 

Endocrinol Metab. 2005; 90: 316–322 

 W. J. Pories, “Ghrelin? Yes, it is spelled correctly,” Annals ofnSurgery, 

2008;247(3):408–410. 

a. weight loss at short and long-term follow up. Aust N Z J Surg 1995; 

 WHO | Diabetes programme. (n.d.). Retrieved 27 November 2015, from 

http://www.who.int/diabetes/en/ 

 WHO | Obesity and overweight. (n.d.). [Cited 29 September 2015], Available 

from http://www.who.int/mediacentre/factsheets/fs311/en/ 

http://www.who.int/diabetes/en/
http://www.who.int/mediacentre/factsheets/fs311/en/


[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 92 

 Y. Wang and J. Liu, “Plasma ghrelin modulation in gastric band operation and 

sleeve gastrectomy,” Obesity Surgery, vol. 19, no. 3, pp. 357–362, 2009 

 Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of 

sleep-disordered breathing among middle-aged adults. N Engl J Med. 

1993;328:1230–1235 

 Ziegler O, Sirveaux MA,  Brunaud L,  Reibel N,  Quilliot D  Medical follow up 

after bariatric surgery: nutritional and drug issues. General recommendations for 

the prevention and treatment of nutritional deficiencies. Diabetes 

Metab 2009;35:544–557 

 Gujral UP, Pradeepa R, Weber MB, Narayan KM, Mohan V. Type 2 diabetes in 

South Asians: similarities and differences with white Caucasian and other 

populations. Ann N Y Acad Sci. 2013; 1281: 51-63. 

 Bhalodkar NC, Blum S, Rana T, Bhalodkar A, Kitchappa R, Kim KS, Enas E. 

Comparison of levels of large and small high-density lipoprotein cholesterol in 

Asian Indian men compared with Caucasian men in the Framingham Offspring 

Study. Am J Cardiol. 2004; 94: 1561–1563. 

 Superko HR, Enas EA, Kotha P, Bhat NK, Garrett B. High-density lipoprotein 

subclass distribution in individuals of Asian Indian descent: the National Asian 

Indian Heart Disease Project. Prev Cardiol. 2005; 8: 81–86. 

 

 

 

 

 

 

 

 

 

 

 

 

 



[Type the document title] 
 

Institute Of Pharmacy, Nirma University Page 93 

 

 

 


