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ABSTRACT
Background/Objective: LGB is a common treatment of morbid obesity. LAGB has the potential to improve control of the comorbidities of morbid obesity, primarily Diabetes Mellitus (DM) and Hypertension. Our hypothesis was that patients treated with LAGB would have long-term improvement in the control of DM and hypertension.
Methods: This is a cohort study, based on patients who underwent LAGB surgery in our institution 4-7 years previously and had DM type 2 at the time of surgery. Data was collected from patients' charts and a telephone interview-based questionnaire including demographics, health status, and quality of life assessment (BAROS).
Results: Seventy patients participated in the current study. Average follow-up time was 5.128±0.85 years post-surgery. The average weight prior to surgery was 122.01±20.2 kg and on the day of interview was 86.97±17.53 kg (p<0.001). Average BMI before surgery was 43.76±5.08, and on the day of the interview was 31.16±4.83 (p<0.001). On the day of interview 47.1% of the participants were cured of DM (not receiving treatment, dietary or pharmacologic). The sum of ranks for diabetes was lower after the surgery (p<0.001) as was HTN and its treatment (p<0.001).
Conclusion: We have shown in this study that LAGB is an effective treatment for morbid obesity, as well as the comorbidities that come with it, DM type 2 and HTN, in a longer period of time than previously shown. There is a need for further studies to consolidate our findings and characterize which patients are more prone to enjoy these remarkable surgical benefits.
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Introduction
Obesity, defined as a body mass index (BMI) of more than 35, is a worldwide epidemic, with numbers on the rise in the Western world [1, 2]. Obesity is strongly correlated with ischemic heart disease (IHD), diabetes mellitus (DM), and hypertension (HTN); and it has been associated with increased morbidity and mortality. One of the major factors affecting this increase is comorbid diseases that are strongly associated and dependent on the degree of obesity [3]. Diabetes Mellitus type 2 (DM) and Arterial Hypertension (HTN) are among the most important and dangerous of these [4]. The risk of developing DM is strongly affected by the familial history and an elevated BMI, together they nearly double the risk [4]7]. In a cohort study comprising more than 80,000 patients, the strongest predictor for DM after a decade was obesity [5]-8]. DM affects close to 10% of the adult population in the US [6]. Treatment can prevent some, but not all, of its lethal consequences [7]. HTN is also commonly seen in obese patients. About 1 of 3 U.S. adults,  about 70 million people,  have high blood pressure [8]. HTN increases the risk for heart disease and stroke, two of the leading causes of death in US adults. Bariatric surgery, for the treatment of obesity, has an important role. It has been shown to be the best long term solution for weight reduction in the severe, or morbidly obese [9]. Laparoscopic Adjustable Gastric Banding (LAGB), a restrictive type of surgery, is a common type of bariatric procedure.  Worldwide utilization of LAGB as the bariatric procedure has varied with it being used in 24.4% of all bariatric procedures in 2003, peaking at 42.3% in 2008, and decreasing to 17.8% in 2011 [10]. It is a relatively simple and safe operation, which does not change gastrointestinal anatomy (allowing reversibility), with very low mortality rate, short hospital stay, and good stable long-term weight loss [11]-16]. [5]. 
In addition, and as a result of the weight reduction, bariatric surgery has the potential to affect the comorbidities.  Schauer et al. [12] demonstrated that surgical treatment by Sleeve Gastrectomy or Roux-en-y Gastric Bypass on morbidly obese patients with DM was superior to medical treatment in a one-year follow-up. Bariatric surgery has been also been shown to be effective for improving control of DM even in patients who have a BMI less than 35 [13, 14], and these improvements have been shown to be in different kinds of bariatric procedures[15]. Bariatric surgery has also been shown to improve the control of HTN in obese patients [16, 17].
An important question is what the long-term effects of bariatric surgery on obesity related comorbidities are. A study done on LAGB patients who suffered from DM has shown that after 4 years most of the patients showed a marked improvement both in their DM and in HTN [15, 18, 19].
Alas, long-term follow-up on this subject is lacking. We hypothesized that LAGB would be proven to be an effective treatment for DM and HTN in a long-term follow-up of 4-6 years after the index operation.
Methods
This is a retrospective cohort study based on patients with obesity and DM that underwent LAGB surgery in the Soroka University Medical Center (SUMC), a high-flow bariatric center.  The study was approved by the SUMC IRB. Inclusion criteria incorporated patients who underwent LAGB (ICD-9 code 44.95) in Surgical Department A, Soroka University Medical Center, Beer-Sheva, Israel, during the years 2002-2012, had a concomitant diagnosis of DM type 2 known prior to surgery, and had their band for 4-7 years. Figure 1 depicts the flow diagram for patients' selection. 
From the patients fitting these criteria we selected a random sample of 70 patients, which were included in the study. Consenting participants were interviewed by telephone. 
Comorbidities and weight loss were assessed by a standardized questionnaire (see Supplement 1)[20, 21]. Surgical outcome was assessed according to the Bariatric Analysis and Reporting Outcome System (BAROS) questionnaire, which is a standardized questionnaire for assessing weight loss and quality of life [22, 23] (Supplement 2). Additional data was complemented from patient charts.
Surgical technique
The patient was placed on the table in the supine position with left tilt. All patients were administered a single dose of intravenous Cefuroxime 750 mg preoperatively, unless there was a known allergy to it. End-tidal CO2 monitoring was performed in all patients during surgery. The pneumoperitoneum was achieved using Veress needle in all patients. The Veress needle was inserted in the left subcostal space in the middle clavicular line to avoid inadvertent injury of the uterus. Pneumoperitoneum of 12 mmHg was obtained. The location of the first port was supra-umbilical and was moved cephalad according to prior operations. Subsequently, two working 10 mm trocars were placed under laparoscopic guidance, and two 5 mm ports to aid with retraction. Standard laparoscopic band technique was implemented with separation of gastro-phrenic ligament, followed by pars flaccida dissection. Insertion of gastric band is performed in the usual manner through the 10 mm port in the left CVA. After this, once the band is placed and locked, and the port is positioned near the sternum.
Power Analysis – The power of the study was calculated using WINPEPI, by comparing total BAROS score and the level of morbidity before and after the operation (pairs function). We used a power of 80%, α=0.05, and an OR of 2. Under these assumptions the required sample size was at least 70 patients.
Statistical analysis – The data was analyzed with SPSS version 18.0. Descriptive statistics included mean values and standard deviations were used to describe the baseline characteristics of the two study groups. Inter-group comparison was done using Pearson Chi square test for qualitative variables, and Fisher's exact test for dichotomous variables. Comparison of quantitative variables was performed using parametric tests: paired samples T-Test and Wilcoxon nonparametric test. The level of significance was defined as p < 0.05. 
Results
A total of 70 patients that fit the above criteria were enrolled. Twenty-three (33%) patients were males, 53 (76%) of the patients were married. The average age at recruitment was 55±9.9 years. The average interview time after surgery was 5.1±0.9 years. None of the patients suffered from any complications during their index hospitalization. In 10 patients (15%) the band was open during the time of interview (an empty band does not contribute to weight loss as it does not press on the stomach). The average weight prior to surgery was 122±20 kg, the lowest weight attained was 78±16.4 kg, while the weight at the time of the interview was 87±17.5 kg. The average weight loss between surgery and the interview was 35±16.6 kg (p < 0.001).
The BMI immediately prior to the operation was 43.8±5, whereas at the time of the interview it was 31.2±4.8, with an average decrease in of 12.6±5.7 (p < 0.001). No significant differences were found in weight loss or BMI between males and females (p = 0.946).
As mentioned, all patients had DM prior to the operation, 17 (24.3%) were treated by diet only, 41 (58.6%) needed oral medications, and 12 (17.1%) needed Insulin (see Figure 2).
After the operation, 33 (47.1%) of the patients had a remission from diabetes, 5 (7.1%) needed only diet as their treatment, 21 patients (30%) needed oral medications, and 11 patients (15.7%) needed Insulin (see Figure 2).
When asking patients about their diabetes state, 3 patients (4.4%) said that they feel it has gotten worse, 8 (11.8%) declared no change in disease status, 8 (11.8%) declared a slight change in its status as being more balanced, 18 (26.5%) had a big improvement in their status, and all the rest (32 patients or 45%) had a remission in their diabetes. When asking patients about their use of diabetes and HTN medication before and after the operation there is showed significant decline (p < 0.001).
The fasting glucose level of 47 patients who were tested in the month of the interview was 111.6±32. Forty-three patients (62%) had HbA1c levels taken before and after the operation – of them, the average HbA1c before operation was 8.6±2.1, and after the operation the average was 6.6±1.1; this led to an average decrease of HbA1c of 2.1±2.1, which was a significant decrease in the HbA1c from before the operation (p < 0.001).
Of the 70 patients, 38.6% had lost less than 25% of their excess body weight, while other patients lost more than that. When looking at the group that had lost more than 25% of excess body weight, there was a higher utilization of the band (95.2% vs. 70% in the lower reduction of band utilization; p = 0.011). Age and number of years with the band had no significant effect on excess weight loss. An interesting result was that there was no difference between those who lost more than 25% and those who lost less than that of their excess weight in the reduction of HbA1c, which means this is unrelated to the magnitude of the weight loss. Also, we did not find any correlation between the HbA1c levels and the BMI decrease or the excess weight loss. Another interesting result was an improvement in other co-morbidities such as HTN (50% did not need any HTN drugs 5 years after the operation), and OSA was clinically improved in 25% of the patients.
When considering the subjective level – 29% of the patients felt a significant improvement in their self-esteem and 43% felt a dramatic improvement in that. 
Forty-nine percent of the patients felt a significant improvement in their physical ability, and a significant correlation was found between the excess weight loss and the improvement in physical ability (r=0.421, p < 0.001).
BAROS score in total had an average of 2.7±1.43. The distribution of the BAROS scores is depicted in Figure 3.
When considering weight on interview, we found an inverse correlation between the current weight and the BAROS score (r=-0.385, p = 0.001). A similar result was found between the BMI difference and the BAROS score (r=0.604, p < 0.001). Similarly, a significant difference was found in the total BAROS score between the group who lost less than 25% of their excess body weight, and those who lost more (1.6 vs. 3.3; p < 0.001).
Discussion
Obesity and its co-morbidities, mainly diabetes and HTN, are a great challenge to physicians today. Today surgical therapy for obesity and its comorbidities is well established [13, 18, 24]. Research has shown the efficacy and safety of bariatric surgery for the treatment of obesity-related illness, mainly diabetes [18]. But, these studies were for short periods of time, and their long-term efficacy is not well established, which led us to conduct the current study. In our study we have followed diabetic patients who underwent LAGB in the range of 4-7 years after surgery, with a mean follow-up time of 5.130.9± years. When considering the long-term effect of LAGB on obesity, our study has shown that 5 years after the operation our subjects showed a steady and significant decrease in body weight (p < 0.001), showing a BMI previous to the operation that had been 43.8±5.1, with a mean BMI at the time of the study of 31.2±4.8, which means a mean BMI reduction of 12.5, or 35 kg lost on average. Sixty-two percent lost more than 25% of their excess body weight. Similar results have been shown in other studies, even though their follow-up period was shorter [25-27]. 
Some studies have shown that the main bulk of the weight loss is attained in the first 2 years [11, 26]; our results have shown that there is a decrease to a lower weight than seen upon the interview time, as indicated in the difference between weight attained until interview and lowest weight attained.
Forty-seven percent of our patients, who at the start of our study were all considered diabetic, were no longer suffering from elevated blood sugar, which meant that they needed no treatment. This is in accordance with prior studies [18] that were for shorter periods of follow-up or for a smaller sample size. HbA1c levels decreased from 8.6 to 6.6, which means that on average most of our patients have become balanced with regard to their diabetes. A study that randomized patients either to traditional diabetes treatment or LAGB has shown that remission rates were five times more likely in LAGB patients 2 years after the operation. Our results have validated that and have shown that remission rate stays higher 5 or more years after the operation. If we take into consideration the long-term damage caused by diabetes, and the dangers of traditional treatment of it (mainly hypoglycemia), the LAGB patients on average have shown a normal HbA1c, which means a balanced sugar level not only on the day of the examination but at least 3 months prior to it, which means that the operation has succeeded in the long-term control and even "cure" of their diabetes. If we remember that one of the indications for bariatric surgery is alleviating co-morbid illness, mainly diabetes, our results show that long-term relief is achieved using LAGB, and that this remission is independent of the excess body weight loss, which mitigates one of the main criticisms about LAGB as it leads to a smaller reduction of weight than other bariatric procedures.
When considering subjective results of the LAGB, we have found (not surprisingly) that the larger reduction in weight (as portrayed in excess weight loss) was positively correlated with the elevation of self-esteem after the operation. Previous studies have shown that 1 year after surgery the weight loss was not a predictor for the quality of life of bariatric patients [23, 26], and we can conclude that the change in weight loss is significant only on larger time scales, and that the main factor is not weight by itself, but is the loss of excess weight.
BAROS is a validated questionnaire for the evaluation of subjective results of bariatric procedures [23, 26], and as such was utilized in the current study to understand the long-term effect of LGB upon our diabetic patients. We have seen that 5 years after the operation the total BAROS score was on average 2.7, which is considered a fair result. This seems to be contradictory to the fact that remission and a clear improvement in diabetes is seen in most of our patients. We believe this stems from the fact that even though bariatric operations are lifesaving procedures in essence, they are perceived by the general public as an esthetic procedure, and due to that the satisfaction from the operation is reliant mainly upon weight loss and not on true objective measures as HbA1c. Thus it seems logical to have some kind of coordination of anticipations of the patient to aid them in their subjective evaluation of the operation.
Study limitations – First and foremost, the sample size is not very large, even if it is satisfactory in sample size calculations.
Our study is in part a retrospective cohort in its design, which is a study design more prone to biases such as information and selection bias, and it would be better if this study would have been conducted in a prospective cohort study design, but time and financial issues prevented this.
Another limitation is the length and timing of the study – We did not see in the years of the study any trend of more band removals, but in the last 2 years as the sleeve has become more and more prevalent in Israel, we did see a rise in the number of band removals. Based on these limitations we advise that future studies will have a larger sample size, will also include patients whose band has been removed and longer periods of follow-up.
Conclusions
Our study is unique in its length of follow-up on diabetic patients who underwent an LAGB. We have found that LAGB is an efficient and safe procedure not only for weight loss, but more importantly for the co-morbid illnesses that are so prevalent along obese patients – mainly diabetes and HTN. Our study has shown that 5 years after the operation half of our patients were in remission of their diabetes, and that most of the patients showed an improvement in their diabetes, in sharp contrast to most of the diabetic patients who are not operated on and showed deterioration in their medical status. Thus we can conclude that in the long term, LAGB at least ceases the detrimental deterioration seen in diabetes, and might even lead to a full remission of the disease.
Considering the fact that the public burden of diabetes worldwide is enormous, and today treatments for this disease are lacking, LAGB is a valid answer, both safe and efficient, and a big advancement in our battle against diabetes.
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Figure captions
Figure 1 – study population.
Figure 2a – DM status prior to the operation.
Figure 2b – DM status after the operation.
Figure 3 – BAROS scale distribution in the current study.

Figure 1Patients who underwent an LAGB procedure during the study period –  10,824



Patients who underwent an LAGB procedure that had concomitant Diabetes mellitus Type 2 at the time of surgery - 1046.





Patients who underwent an LAGB procedure that had concomitant Diabetes mellitus Type 2 at the time of surgery and had their band for more than 4 years but less than 7 - 430





Randomly sampled – 70 patients










Figure 2a
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Index
Supplement 1 – Result and Comorbidity questionnaire
Subject number: _________________    Name and Family: _________________
Date of birth: _________________    Gender: M\F
Height (cm): _________________   Current weight (kg): _________________
Lowest weight attained (kg): _______________ Year of band placement: _________________      Post op days: _________________
Were there any early post-op complications? Which: _________________
Any late post-op complications: Which: _________________
Background illnesses:
Did you suffer before the operation from HTN? _________________
Do you suffer today from HTN? _________________
How did the operation change this illness? It worsened/Did not change/Some improvement/A big improvement/Total remission
Did you suffer from DM before the operation? _________________
Do you suffer from DM today? _________________
How did the operation change this illness? It worsened/Did not change/Some improvement/A big improvement/Total remission
Did you suffer from OSA before the operation? _________________
Do you suffer from OSA today? _________________
How did the operation change this illness? It worsened/Did not change/Some improvement/A big improvement/Total remission


Supplement 2 – BAROS obesity scale
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