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Do older patients benefit from laparoscopic gastric banding as their younger peers– a historical cohort study.
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Abstract: 
[bookmark: _Hlk39931102]Introduction: The overall benefit of bariatric surgery in morbidly obese patients over 65 Years Old is controversial, mainly due to concerns of increased surgical risk. Laparoscopic adjustable gastric banding (LAGB) is characterized by low perioperative morbidity and mortality rates and gradual weight loss and has the potential to benefit this specific population. The aim of the current study was to evaluate the long-term results of LAGB in elderly compared to younger patients.
Methods: A retrospective cohort study of LAGB among patients aged 65+ in comparison to a younger control group  aged 18-65. Safety and effectiveness and BAROS scores were calculated and compared.
Results: 225 patients were enrolled, of which 59 (26.2%) were aged 65+. Mean follow-up was 5.88 yrs. Prior to surgery, the EG suffered from a higher prevalence of hypertension (p<0.001) and bone density disturbances (p<0.001). Following surgery, early complications were rare (1.8%, p=0.955); Late complication and reoperation rates were 26.7% and 18.2% respectively (p=0.552, p=0.280). Mean reduction in excess body weight was 38% for the EG compared to 28% in the CG (p=0.026). A marked improvement in comorbidities was demonstrated in both groups. Mean BAROS scores were 4.03 and 4.42 for the EG and CG, respectively (p=0.302).
Discussion: LAGB results in a substantial long-term weight loss in elderly patients, alongside with improvement in comorbidities and quality of life. The procedure is safe in the elderly as it is in patients aged 18-65. Thus, we urge bariatric surgeons to consider LAGB as a valid option for elderly patients.


Introduction:
The elderly population is growing and becoming a substantial part of the population in developed countries.1–5 Ageing is associated with increased prevalence of numerous diseases, including cardiovascular diseases, type II diabetes mellitus and many types of cancer.4–6 Obesity prevalence among the elderly population is rising as it does in the general population,1,7–9 and there is a substantial overlap between old age-related diseases and obesity’s comorbidities.1,4,6,8–11 Thus, obesity in the elderly often causes aggravation of medical condition and further psychological deterioration, as well as lack of independence and reduced quality of life.1,4,6,9,11
Bariatric procedures have been shown to be effective and preferable to both conservative and medical treatment in terms of long term weight reduction, and decrease in morbidity and mortality in morbidly obese patients.12 Nevertheless, these procedures are still considered a controversial treatment for the elderly obese: Older patients have reduced physiological reserve and thus tendency to more anesthesia related complications and difficulty recovering after surgical interventions.9,13–15 The impact of intentional weight loss on bone and muscle mass is another concern in the elderly obese, as these patients often suffer from sarcopenic obesity as a result of parallel muscle and bone mass deterioration, due to aging processes.1,5,9,13,14,16–18 Physical activity is known to minimize this potential damage, therefore weight loss accompanied by regular physical activity is an effective way of preserving bone and muscle.1,14,16,18,19
Laparoscopic adjustable gastric banding (LAGB) is a restrictive bariatric procedure, and is considered safe compared to other bariatric techniques due to a relative technical ease and short duration of surgery, and low perioperative morbidity and mortality rates.15,20–22 Prior studies have shown a low early and perioperative mortality rate after bariatric surgery among the elderly, particularly after LAGB.2,15,23 Long term data demonstrated health benefits in terms of comorbidities without raising prominent safety issues.15,24,25 
The aim of the current study was to evaluate the long-term effect of LAGB on morbidly obese patients over 65 years, in terms of weight loss, change in comorbidities, QOL, complications and overall patient-satisfaction, in comparison to younger patients of whom there is more sufficient data. 
We hypothesized that elderly morbidly obese patients undergoing LAGB will have comparable long term results to younger patients undergoing LAGB.
Methods:
Study design:
[bookmark: _Hlk526763084]This was a retrospective cohort study performed in Soroka University Medical Center (SUMC), Beer-Sheva, Israel, approved by SUMC IRB (0100-11-SOR). Inclusion criteria incorporated patients who underwent LAGB (ICD-9 code 44.95) in the Department of Surgery A, Soroka University Medical Center, Beer-Sheva, Israel, from 1/2007 to 12/2014. All participants met accepted indications for bariatric surgery (BMI>40 or BMI>35 with obesity related comorbidities)19. The study group (elderly group - EG) was randomly selected from the complete cohort of patients above the age of 65 years meeting the above indications. The control group (CG) were similarly selected but were aged 18-65 years. Patients who were unreachable by telephone or did not consent to participate were excluded from sample. The data were coded into an anonymous database and stored in accordance with the local IRB protocol.
All LAGB procedures were performed by one experienced surgeon (E.A.) as decribed previously (see supplement 1).26 	Comment by Tal Sela: צבי, בזמנו כתבת שיש לך נספח עבור תיאור הפרוצדורה. תוכל להוסיף אותו בנספחים? הכנסתי כותרת מתאימה.
Data collected from medical records included date of birth, height, baseline weight, baseline comorbidities, prior operations and perioperative complications. Long term data were collected via structured telephone interview including minimal and current weight, current comorbidities, smoking status, physical activity, complications and reoperations. Excess body weight and excess body weight loss percentage were calculated assuming BMI=25 kg/m2 as normal BMI.
For metabolic syndrome related diseases, including type II diabetes mellitus (DM), hypertension, dyslipidemia, obstructive sleep apnea (OSA) or snoring, and bone density disturbances (BDD) such as osteopenia or osteoporosis, both prevalence and change in severity were documented. Additionally, presence of either heartburns or diagnosed gastroesophageal reflux disease (GERD) were documented as GERD symptoms, and prevalences prior to and following the surgery were compared.
Surgical outcome as reflected by weight loss, change in comorbidities, quality of life and complication rate was assessed per the Bariatric Analysis and Reporting Outcome System (BAROS) questionnaire, which is a standardized questionnaire for assessing bariatric surgery results.27–29 Quality of life for BAROS scoring was evaluated using the Moorehead-Ardelt Quality of Life Questionnaire (see supplement 2).27 Additional questions designed to evaluate patient overall satisfaction from the procedure and its consequences were added (see supplement 3). 
Statistical analysis:
Data analysis was performed using SPSS 23.0 (SPSS, Chicago, IL) software.
For descriptive and analytical statistics: independent samples t-test, one-way ANOVA, and Scheffe comparisons were used. Comparison of groups was conducted using Pearson Chi square for categorical variables and Fisher's exact test for dichotomous variables when applicable. Comparison of quantitative variables was done using parametric (t-test) and a-parametric tests (Mann-Whitney test). Differences were considered statistically significant at p < 0.05. A multivariate logistic regression model was used in order to identify conecction between failure of LAGB (defined as BAROS score ≤1) to few selected variables, including age upon surgery, gender, follow-up period with band, and the patients’ answers to the hypothetical question of whether they would choose to undergo the surgery again. 
Statistical power was calculated by ‘compare’ function in ‘Winpepi’ software,30 using the difference between groups mean change in BMI from the day of surgery to the minimal BMI achieved. Upon these assumptions, the power is 85.94%. Level of significance was set as p value <0.05.
Results:
A total of 225 patients were included in the study, of them 59 (26.2%) were in the elderly group (EG), and 166 (73.8%) were controls (CG) (see figure 1). Of all patients included, 158 (70.2%) were female and 165 (73.3%) were married. Residency in an urban region was common with 184 (81.8%) of patients resided in cities, and 114 patients (50.7%) were born in Israel. Active or past smokers constitute 82 (36.4%) of patients and 88 (39.1%) patients practiced regular physical activity prior to surgery. Mean BMI and mean excess weight were 44.0 kg/m2 and 51.8 kg respectively. Fivty-eight patients (25.8%) suffered from GERD or heartburn, 85 (37.8%) from diabetes mellitus, 119 (52.9%) from hypertension, 103 (45.8%) of patients had dyslipidemia, 83 (36.9%) suffered from obstructive sleep apnea or night snoring, and 24 (10.7%) of patients had bone density disturbances (BDD) including osteopenia and osteoporosis. Table 1 demonstrates the demographics, baseline obesity parameters and comorbidities at time of surgery according to groups. The EG group were more likely to be born abroad (p˂0.001), have a history of hypertension (p˂0.001) and suffer from bone density disorders (p˂0.001).
Average follow-up for all participants was 5.88 years. Mean hospitalization duration for initial surgery was 1.3 days and early complications were documented in four (1.8%) of patients. Late complications occurred in 60 (26.7%) of patients, according to the following distribution: 26 suffered from band malfunction (11.6%), band slippage occurd in eleven patients (4.9%), band intolerance in eight cases (3.6%), band infection in six patients (2.7%), and two patients expirienced port problems (0.9%). Reoperations were performed in 41 (18.2%) of patients. Mean BMI at interview was 31.22 kg/m2 (reduction of 12.75 kg/m2 from surgery to the end of the follow-up period) and mean minimal BMI achieved during the follow-up period was 28.48 kg/m2 (Maximal BMI reduction of 15.49 kg/m2). Mean excess weight loss percentage was 30.7%. Anthropometrics comparison between groups revealed a higher minimal and final BMI values for the EG but with a higher percentage of excess weight loss (p<0.001, p=0.044, and p=0.026 respectively). Table 2 shows the complications, reoperations and long-term anthropometrics at the time of interview for both groups.
On long-term assessment of the prevalence of each comorbidity following the surgery, a few trends were obeseved: prevalences of type II DM, hypertension and dyslipidemia decreased in both groups, but these changes were statistically significant only for the CG. OSA or snoring prevalence significantly decreased in both EG and CG. There was a mild rise in GERD symptoms and BDD prevalences but these were not statistically significant. Moreover, a significant rise in regular physical activity engagement was observed in EG. Figure 2 presents the percentage of patients in each group, who suffered from the mentioned co-morbidities regardless the degree of the disease, prior to surgery and at the end of the follow-up period. It demonstrates in detail the observed effects on each comorbidity for each group.
In order to further appreciate the effects of LAGB on patients aged 65 and over, compared to younger patients, trends in metabolic syndrome-related diseases were also compared between groups (EG and CG). Table 3 shows the medical implications of LAGB as observed in the EG in comparison to that observed in the CG. Overall, 72 (32.0%) of all patients experienced an improvement or even full recovery of type II DM, 80 (35.6%) experienced the same for hypertension, 69 (30.7%) for dyslipidemia and 63 (28.0%) for OSA or night snoring. No significant difference between the EG and CG were foung in the course of these comorbidities.
Table 4 depicts parameters of satisfaction from the procedures as subjectively graded by the patients. Overall most patients were satisfied from the procedure, did not have pain, physical limitations or regrets, and would consider undergoing LAGB again if needed. On comparison between groups, physical limitation following the procedure was more prominent among the EG (p=0.001). All other parameters showed no significant difference between the two groups.
BAROS scores were calculated,28 and are presented in tables 5.1-5.3. No difference between groups was observed in total BAROS score.
Multivatiate logistic regression revealed a connection between the patients who declared that in retrospect they would not choose to undergo the operation again and a lower failure rate, compared to those who would (OR=0.04, p<0.001). No connection between older age (>65), gender, or period of follow-up with band to surgical failure was found (see table 6).
Discussion:
This long-term cohort study demonstrated that elderly patients with morbid obesity benefit from LAGB in terms of improvement in comorbidities and quality of life, and do as well as their younger counterparts, objectively and subjectively alike. The elderly in this study enjoyed a significant weight loss accompanied with a marked improvement of comorbidities and fair satisfaction rates. Complication rate was low simlarily to younger patients. 
BMI reduction
In the current study, although there was no significant difference in mean BMI reduction to the end of the follow-up period between the EG and CG, final BMI was lower in the CG. These findings are consistent with previous studies: In their literature review, Haywood & Sumithran reported the efficacy of bariatric surgery according to 28 studies comparing weight outcomes for young versus older (≥60 years old) patients.9 Sixteen of them did not reveal a significant difference in weight loss between groups, while seven studies found a greater weight loss in younger patients.
The metabolic syndrome
Prior studies have shown an improvement in comorbidities following LAGB in elderly patients,2,13,15,23 though only few examined LAGB’s long term influence on elderly patients as opposed to younger patients.2,23 Busetto L. et al compared patients aged 60+ with younger patients one year after LAGB, and  found beneficial results regarding type 2 DM, dyslipidemia and OSA for both groups, and a diminished (yet beneficial) response regarding hypertension in older patients compared to younger patients.13 Marihart C.L. et al performed a survey among 534 patients who undergone bariatric surgery at least 18 months prior to the survey.25 They divided the responders into 4 age groups: 24-49, 50-59, 60-69,and ≥70 years. The survey results demonstrated similar weight loss and comorbidities improvement among the older and oldest compared to the younger groups. In the current study, hypertension and bone density disturbances were significantly more common among EG compared to younger patients prior to surgery. This is not surprising as these diseases are increasingly more common with ageing in obese individuals.7 Following surgery, all obesity related diseases except for reflux, improved or in some cases even fully recovered for both groups. The prevalence of GERD, which is a possible complication of restrictive procedures like LAGB and accounts as one of the procedure’s disadvantages,21 increased in both for the EG and CG. The decrese in overall percentage of elderly patients suffering from type II DM, hypertension and dyslipidemia was not statistically significant (as opposed to younger patients in which these trends reached significance). It is likely that the observed decrese failed to achieve significany among the elderly due to relatively smaller sample. There was no significant difference in these comorbidities course and severity dynamics when comparing the groups to each othe, suggesting a comparable improvement. OSA and night snoring prevance reduced significantly in both groups.
Hence, notwithstanding the diminished success in terms of anthropometrics, elderly patients enjoyed a marked improvement in comorbidities. This finding suggests that a satisfactory change in metabolic syndrome can be achived in the elderly even with a milder weight loss.
Mean BAROS score for medical conditions was satisfactory and comparable between the elderly and their younger counterparts (+1.356 and +1.355 respectively, p=0.998).
Complications and reoperations
LAGB's main disadvantage in comparison to other bariatric procedures is probably its relatively high long-term complication and reoperation rate.22,31 In the current study, long term complication and reoperation rates were 31% and 18.1% respectively. Both were more prevalent in the CG (with no significant difference), but this may be affected by the shorter follow-up period among the EG. 
Sarcopenic Obesity, Physical Function and Physical activity 
Weight loss and deficient nutrition are independent known causes for BDDs and increased risk for fractures.1,7,13 While regular physical activity engagement was found to be an effective method to minimize destructive influences of weight loss on bone density and muscle mass,1,14 older patients are often restricted in their ability to engage physical activity due to age-related comorbidities and muscle mass decline.6,7,13 Therefore, intentional weight loss among the elderly might cause harm to muscle and bone, and at the same time it has a potential protective effect by ultimately allowing these patients to be more physically active. In addition, the combination of obesity with bone and muscle disturbances was found to be more determental than the latter alone.11 For these reasons, it seems reasonable to treat obesity and diminsh its harmful effect.
Indeed, in the current study, following the surgery a higher prevalence of regular physical activity engagement was observed. In the EG this encouraging trend reached statistical significance (p=0.01). On the other hand, a mild rise in BDD prevalence was observed in both groups, and reported physical limitation was more prominent in the EG compared to the CG (p=0.001). It is hard to determine whether this is related to weight loss after the LAGB, ageing during follow-up period, or most likely their combination.4 Trends in the course and severity of BDD following LAGB were very mild and inconclusive.
Being a solely restrictive procedure, nutrient deficiency is less profound in the case of LAGB compared to other bariatric procedures.22 Moreover, LAGB is known to yield a slower and milder weight loss compared to other bariatric surgeries.20–22 This is actually an advantage in terms of BDD as with greater weight loss, bone and muscle demage is more severe, and this is even more prominent in the elderly population.1,7
Older patients tend to lose more bone and muscle mass when losing weight than they gain when gaining weight, hence recurrent fluctuations in weight are more harmful than stable weight.1,14 Here, while the maximal BMI reduction was significantly higher in the CG (p=0.001), there was no significant difference between groups in BMI reduction to the end of the follow-folloup (p=0.078). This finding reveals that the EG enjoyed similar BMI reduction with milder fluctuations in weight throughout the study period.
In summary, LAGB provides effective though gradual and cautious treatment for the morbidly obese elderly who are prone to BDD.
Obesity Paradox	Comment by Tal Sela: אולי אפשר לוותר על כל הפסקה הזו, לא בטוחה שהיא תורמת. הוספתי כי נתקלתי במאמרים שתומכים באי-התערבות בהשמנה בקשישים בהקשר הזה.
Some studies have shown a protective effect of overweight among elderly (a phenomenon known as the obesity paradox).17,32 Nevertheless, it is difficult to eliminate confounders such as smoking, cancers, etc., which are related to lower weight and higher mortality rates, and survivors bias may also play a significant role in these findings.17,32–34 Other studies argue that overweight causes morbidity and is harmful at any age.17,18,33,34 A recent analysis of 10.6 million adults from four comtinents, of which four million were otherwise healthy non-smokers, revealed increased mortality among overweight and obese patients.33 Although the hazard ratio for the elderly was relatively lower compared to younger patients, still overweight and obesity among the elderly correlated with higher mortality rate. The current study revealed high recovery or improvement rates of most metabolic syndrome related diseases among the elderly. This in turn could stop the multiorgan demages that these diseases cause3,10,15 and potentially lead to increased longevity. The mean pre-operation BMI among the elderly was 44.21 (morbid obesity) and the mean final BMI in this group was 32.6 kg/m2 (obesity). Hence, following LAGB, the patients in this study lost enough weight to improve their health without reaching lower BMI values which have been suggested to correlate with higher mortality rates.
Quality of life
The current study also examined LAGB’s influence on quality of life (QOL) using two questionnaires, the first being part of the BAROS and the second devoted to patients’ satisfaction. LAGB has been previously shown to improve QOL in the general population.31 While evaluation of quality of life after bariatric surgery has been studied, few researches dealt with patients’ subjective feelings of their decision to undergo the procedure and their satisfaction with its consequences.35 Clough A. et al. compared QOL in patients aged 60 or more before and five years after LAGB operation, to QOL in non-obese controls aged 55-64,2 and showed a marked improvement in QOL score 5 years after surgery, with scores comparable to those of the non-obese controls.2 The current study strengthens and adds to this existing knowledge: a substantial and similar improvement in most BAROS QOL parameters was demonstrated for both EG and CG. Moreover, our study shows a high overall satisfaction score with similar results between groups for most satisfaction parameters examined. As discussed earlier and not surprisingly, EG was characterized by more prominent restriction in daily physical activity according to the satisfaction questionnaire (p=0.001). All other satisfaction parameters did not show a significant difference between groups. As to the QOL part of the BAROS, the only parameter in which a significant difference between EF and CG was observed is pleasure in sex, in which the CG score was higher, again not something that is unexpected . Physicial limitation and sex satisfaction are both very challenging to isolate as older age might be a significant confounder.7,36 It is worth noting that on the bottom line, when asked if they would choose the same again in retrospect and undergo the LAGB procedure, the great majority of patients, old as young, answered ‘yes’.
Limitaions
As in any study, the current study has limitations. The EG was characterized by a shorter follow-up period. This might have influenced the results of comparison between groups. Furthermore, a substantial part of this research was based on questionnaires, which are inherently prone to bias.
Our study has shown good mid-term results for LAGB as a procedure for patients older than 65, with as good results as an LAGB for younger patients and with no added risk than seen in an LAGB in younger age groups (which has the lowest life-threatening complications rate to start with). This does not say that other surgical procedures for older patients should be abandoned, but this study brings to notice that LAGB is a viable option for patients who are older. Considering this, we call bariatric surgeons not to drop LAGB from their armamentarium for older patients, as other have advocated before.37

Conclusions:
 LAGB as a restrictive operation brings to a more gradual loss of weight then other restrictive or combined procedures, and it might have relatively high long-term complications rate. That said, in the elderly patient, a more moderate weight reduction may be an advantage since this population is prone to bone density and muscle mass depletion with the more aggressive procedures. This study has shown that LAGB is less effective on elderly in terms of weight loss, however this difference does not mitigate the operation’s good influence on obesity related diseases. Moreover, we believe that the low early and life-threatening complication rates are making this procedure preferable in older patients as they suffer from more background diseases and are more prone to early and severe anesthesia and surgery related complications. Even after considering the high long-term complication rate, elderly patients reported having a good and improved quality of life after LAGB, in a degree not falling from that of younger patients. We conclude that LAGB is a safe and effective way for weight reduction, comorbidities improvement and quality of life enhancement and may be the procedure of choice in morbid obese patients aged 65 or more.
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Appendix
Supplement 126 – LAGB surgical technique




























Supplement 227 – The Original Moorehead-Ardelt Quality of Life Questionnaire
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Supplement 3 – Overall Patient Satisfaction Questionnaire
1. To what extent did the band fill your expectations? choose 1-5 if [1= not at all] and [5= answered all expectations).
2. Are you satisfied by the procedure? Choose 1-5 if [1= not satisfied at all] and [5=fully satisfied].
3. Do you suffer from pain as a result of the procedure? Choose 1-5 if [1= not at all], [2=rarely], [3=from time to time], [4=often] and [5=constantly].
4. Do you have any physical limitations following the procedure? Choose 1-5 if [1= not at all], [2=rarely], [3=from time to time], [4=often] and [5=constantly].
5. Do you regret undergoing LAGB? Choose 1-5 if [1= not at all] and [2= fully regrets].
6. Would you undergo this procedure again if needed? Yes / No
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