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EXECUTIVE SUMMARY  

The Issue 

The use of bariatric surgery may be considered by doctors for adults who have a body mass 
index (BMI) of 40 kg/m2 or more; or a BMI of 35 kg/m2 or more, with a major obesity-related 
comorbidity and a failure of lifestyle modification (which is standard care). Driven by 
perceptions that surgery is superior to alternatives for the management of severe obesity, the 
demand for bariatric surgery is increasing in Canada. The current levels of demand cannot be 
met using the existing infrastructure. Because the development of additional surgical capacity 
will require an allocation of scarce health care resources, a comprehensive assessment of the 
effectiveness, costs, complications, and health care impact of performing bariatric surgery would 
be useful to decision-makers. 
 
Objectives 

We aimed to assess the evidence on clinical effectiveness and safety, and the economic 
implications of using different bariatric surgery methods in adult patients with severe obesity, as 
compared with standard care (i.e., lifestyle modification: diet and exercise medical counselling) 
with or without pharmacological therapy. 
 
Methods 

We conducted systematic reviews of clinical evidence, economic evidence, and the association 
between outcomes and the number of surgeries performed by a surgeon or facility (volume-
outcome evidence). For the review of clinical effectiveness and safety, we included randomized 
controlled trials (RCTs) of adults with severe obesity undergoing bariatric surgery compared 
with another type of bariatric surgery, standard care, or a variant of the same bariatric surgery. 
For the review of economic evidence, we included all cost-effectiveness studies evaluating 
bariatric surgery in adults with severe obesity. We included any comparative study assessing the 
association between the volume of bariatric surgery (by facility or surgeon) and clinical 
outcomes for the review of volume-outcome evidence. 
 
We performed a primary economic evaluation by creating a decision model to examine the costs 
and clinical consequences of standard care and bariatric surgery (Roux-en-Y gastric bypass 
[RYGB], laparoscopic adjustable gastric banding [AGB], sleeve gastrectomy or biliopancreatic 
diversion [BPD]) in adults with severe obesity who are treated in the Canadian health care 
system. The model’s parameters were based on data from the clinical review, high-quality 
observational data, and primary data. The model included surgical complications, obesity-related 
comorbid conditions, and an estimation of quality of life. Time horizons of one year to lifetime 
were considered in the model, and one-way, scenario, and probabilistic sensitivity analyses were 
conducted. Finally, we estimated current demand for bariatric surgery, current capacity to 
perform bariatric surgery, and the cost of increasing capacity from current levels. 
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Results 

Clinical review 

We identified 63 trials. Four trials compared a form of bariatric surgery to standard care, 31 
compared one form of bariatric surgery to another form of bariatric surgery, and the remaining 
assessed a variant of a bariatric surgery. At one year, network analysis was used to rank the 
effectiveness in reducing BMI (from most to least efficacious): jejunoileal bypass, loop gastric 
bypass, mini-gastric bypass, BPD, sleeve gastrectomy, RYGB, horizontal gastroplasty (HG), 
vertical banded gastroplasty, adjustable gastric banding (AGB), and standard care. The results of 
network analysis at two and three to five years were similar. Of these procedures, sleeve 
gastrectomy, RYGB, and AGB are commonly performed in contemporary practice. The 
remaining procedures are uncommonly performed (e.g., BPD) or have been abandoned. Direct 
evidence supported mixed evidence findings for AGB compared with RGYB (direct evidence at 
one year: mean difference [MD] 5.8 kg/m2 [95% CI: 1.9 to 9.7]; at two years: 7.2 kg/m2 [5.5 to 
8.9]; at three years to five years: 6.4 kg/m2 [4.9 to 7.9]). Direct evidence for sleeve gastrectomy 
did not show significant differences compared with other procedures or was unavailable. 
 
AGB was associated with a higher risk of slippage or dilation (risk difference [RD] 6.1% [1.3 to 
11]) and procedure conversion or reversals (RD 8.3% [2.8 to 14]), and a lower risk of stenosis   
(RD 15% [8.3 to 22]), ulceration (RD 9.9% [4.0 to 16]), herniation (RD 4.5% [0.5 to 8.4]), and 
wound infection (RD 6.3% [1.4 to 11]) compared with RYGB. AGB was associated with shorter 
lengths-of-stay compared with RYGB (MD 1.7 days [1.3 to 2.0]). 
 
Economic analysis 

Eleven economic analyses suggest that over a long time horizon, bariatric surgery compared with 
standard care is associated with incremental cost-utility ratios (ICURs) ranging from US$5,000 
to US$40,000 (2009 amounts), and may be dominant for patients with type 2 diabetes mellitus. 
Conclusions about the relative cost-effectiveness of alternative bariatric surgeries could not be 
made. 
 
The primary economic evaluation in Canadian dollars comparing bariatric surgery to standard 
care results in ICURs of $21,600 per quality-adjusted life-year (QALY) to $37,910 per QALY at 
10 years (for RYGB and LAGB respectively) and $9,400 per QALY to $12,000 per QALY using 
a lifetime horizon. The results were generally robust in one-way sensitivity analysis, and the 
probability that RYGB would be cost-effective using a threshold of $20,000 per QALY was 
91%. In scenario analysis a more attractive ICUR was observed as the proportion of patients with 
comorbid disease (diabetes, sleep apnea, hypertension, and dyslipidemia) increased, and bariatric 
surgery was dominant when only patients with type 2 diabetes were considered. All bariatric 
surgical procedures were associated with ICURs between $6,500 per QALY and $12,000 per 
QALY compared with standard care over a lifetime horizon. Because of inherent uncertainty and 
a lack of data for some procedures, the relative cost-effectiveness between procedures could not 
be established. 
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Volume-outcome review 

We identified 17 comparative studies. The results of this review suggest that higher surgical 
volumes and increasing experience with bariatric surgical techniques are associated with better 
clinical outcomes. One study identified thresholds of 100 surgeries per year, per surgeon, and 
200 surgeries per year, per facility, as optimal for a better clinical outcome. We were unable to 
identify thresholds for surgical volume (for facilities or for individual surgeons) because these 
results were not replicated in other studies. 
 
 
Health services impact 

Approximately 700,000 Canadians have a BMI of 40 kg/m2 or more, or a BMI of 35 kg/m2 or 
more with comorbidity. Assuming that between 1% and 5% would undergo bariatric surgery if 
offered, between 7,000 and 36,000 persons would seek surgery. Only 1,300 procedures were 
performed in 2007. 
 
Conclusions 

The clinical review of effectiveness and safety found that although data from large, adequately 
powered, long-term RCTs are lacking, bariatric surgery seems to be more effective than standard 
care for the treatment of severe obesity in adults. Procedures that are mainly diversionary (for 
example, BPD) result in the greatest amounts of weight loss, hybrid procedures are of 
intermediate effectiveness (for example, RYGB), and restrictive procedures (for example, AGB) 
result in the least amounts of weight loss. RYGB and AGB tended to lead to trade-offs between 
the risk of adverse events and the need for procedure conversion or reversals. For sleeve 
gastrectomy, the evidence base was limited. 
 
The volume-outcome review found that higher surgical volumes were associated with better 
clinical outcomes. We were unable to identify thresholds for surgical volume that were 
associated with better clinical outcomes. 
 
The economic evaluation comparing bariatric surgery to lifestyle modification (standard care) 
suggests that the treatment of patients with BMI of 35 kg/m2 or more with obesity-related 
comorbidity, or a BMI of 40 kg/m2 or more, may be attractive compared with accepted 
thresholds of cost-effectiveness. These results seemed to be mainly driven by gains in quality of 
life, and remained robust during sensitivity and scenario analysis. Estimated cost-utility ratios 
tended to decrease with greater levels of comorbidity in the population studied, and bariatric 
surgery was dominant (more effective and less costly) among obese people with concomitant 
diabetes mellitus. While all types of bariatric surgery that were considered were associated with 
cost-utility ratios that may be attractive when compared with standard care, there were fewer 
data (and thus greater uncertainty) on the relative merits and costs of the procedures ― 
especially because the preferences of the patient and surgeon may influence the choice of 
surgery. 
 
The health services impact analysis found that current facilities do not meet existing demand, 
and that increases in capacity may not meet the potential demand. Triage strategies that equitably 
and effectively allocate bariatric surgery are needed to address this. 
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QALY quality-adjusted life-years 
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1 INTRODUCTION  

1.1 Background 

Obesity is a risk factor for chronic disease that affects 23% of Canadians1 and leads to 
morbidity,2 premature mortality,3 and impaired quality of life.4 Although body mass index (BMI) 
is the most widely used measure of adiposity, it is an indirect measure of body composition. The 
measures of central adiposity (waist circumference, waist-to-hip ratio) may more accurately 
reflect cardiometabolic risk. Obesity is defined according to BMI, with a BMI of 30 kg/m2 to 
34.9 kg/m2, 35 kg/m2 to 39.9 kg/m2, and 40 kg/m2 or greater corresponding to mild, moderate, 
and severe obesity respectively. (A BMI of between 18.5 kg/m2 to 24.9 kg/m2 is considered to be 
normal.) Severe obesity ― the fastest growing condition of obesity ― affects 3% of Canadians,5 
has increased in prevalence in Canada by 225% in two decades,6 and is associated with a 
thirteen- to eighteen-fold increased risk of type 2 diabetes compared to that of individuals of 
normal weight.2 Severe obesity shortens life expectancy by eight years to 13 years,7 increases 
absenteeism from work,8 and reduces quality of life,4 work productivity,9 and the likelihood of 
employment.10 
 
Obesity is one of the most costly among common medical conditions,10 accounting for 2% to 8% 
of annual health care budgets,10 with Canadian indirect and direct health care costs 
conservatively estimated at $4.3 billion annually in 2001.11 Mild or moderate obesity is 
associated with higher health care costs, because expenditures increase at higher BMI. In the 
employed United States (US) population, the 3% who are severely obese account for 21% of the 
health care costs that are associated with obesity.12 
 
The options for the treatment of severe obesity include enhanced physical activity, dietary 
modification, caloric restriction, use of medications such as orlistat and sibutramine, and 
bariatric surgery. Because of perceptions that it is the most effective way of achieving sustained 
weight reduction for such patients, bariatric surgery has become the preferred therapy, at many 
centres, for severely obese patients who are refractory to medical therapy.1 
 

1.2 Technology Overview 

1.2.1 Bariatric surgery: indications and types 

According to the National Institutes of Health (NIH) guidelines, bariatric surgery is indicated in 
patients whose lifestyle modification therapy (at least six months of diet and exercise therapy) 
has failed and who have a BMI of 40 kg/m2 or more (or a BMI of 35 kg/m2 or more with an 
obesity-related comorbidity such as hypertension, diabetes, or sleep apnea) (Table 1).13  
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Table 1: Obesity-related Comorbidity 

Cancers, particularly gastrointestinal (esophageal, gastric, colon), reproductive  
(breast, endometrial, kidney) 
Cardiovascular Disease: coronary artery disease, stroke, congestive heart failure, atrial fibrillation 

Cholelithiasis 

Type 2 Diabetes, prediabetes (impaired glucose tolerance, impaired fasting glucose) 

Dyslipidemia 

Frequent infections, including cellulitis and intertrigo 

Gastrointestinal reflux disease 

Hypertension 

Idiopathic intracranial hypertension 

Infertility 

Metabolic syndrome 

Non-alcoholic fatty liver disease 

Osteoarthritis 

Psychosocial: psychiatric disease (with severe obesity), reduced employment, increased absenteeism, 
limited mobility, discrimination 

Respiratory disease: sleep apnea, obesity-hypoventilation syndrome, restrictive lung disease 

Urinary incontinence 

Venous stasis 

 
All bariatric procedures involve gastric restriction (to augment early satiety and limit meal 
portions) or intestinal diversion (designed to reduce calorie absorption).14 Some procedures 
contain elements of restriction and diversion (Table 2). In addition to structurally altering the 
gastrointestinal tract, surgery may also influence the levels of the hormones that are involved in 
energy regulation — potentially explaining the metabolic benefits (for example, high diabetes 
remission rates) of procedures such as gastric bypass and sleeve gastrectomy.15 
 
Most contemporary bariatric procedures are performed using laparoscopy. Gastric bypass and 
laparascopic adjustable gastric banding (LAGB) are the most commonly performed procedures 
internationally.16 Sleeve gastrectomy is a new treatment that is gaining popularity, whereas 
vertical banded gastroplasty (VBG) and jejunoileal bypass (JB) have been abandoned. 
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Table 2: Bariatric Surgical Interventions 

Procedure Proposed Mechanism 
of Action 

Description Illustration 

Adjustable Gastric 
Band  

Restrictive A band encircling proximal stomach and connected to subcutaneous 
port or reservoir is inserted. Band remains initially deflated and is 
then progressively inflated to achieve gastric restriction and weight 
loss via subcutaneous port during subsequent postoperative 
outpatient visits. 

 

Sleeve 
Gastrectomy 

Restrictive endocrine or 
metabolic 

Greater curvature and fundus of stomach are resected, leaving 
remaining stomach fashioned into elongated tube. Fundal removal 
decreases ghrelin levels (hunger-inducing hormone). Initially 
developed as component of biliopancreatic diversion with duodenal 
switch, sleeve gastrectomy is mainly being investigated as a first-
stage procedure in extremely obese individuals to reduce weight and 
enable a second procedure or definitive approach to morbid obesity. 
Also being evaluated as stand-alone procedure. 

 

Roux-en-Y Gastric 
Bypass  

Restrictive and 
diversionary malabsorptive 

Proximal stomach separated from distal stomach to form small, 
restrictive gastric pouch (20 mL to 30 mL capacity). Gastric pouch 
connected to mid-jejunum (forming alimentary or roux limb), which 
has been diverted away from biliopancreatic secretions in biliary or 
biliopancreatic limb. Length of small intestine distal to site at which 
roux limb and biliary limb join is “common limb” and represents 
intestinal area where biliopancreatic secretions mix with ingested 
food, and where most absorption occurs. Alimentary limb is typically 
100 cm long, and biliopancreatic limb 30 cm to 50 cm long. Some 
surgeons increase length of small bowel bypass in patients with 
severe obesity.  
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Table 2: Bariatric Surgical Interventions 

Procedure Proposed Mechanism 
of Action 

Description Illustration 

Biliopancreatic 
Diversion with 
Duodenal Switch  

Restrictive and 
malabsorptive 

Combines resection of greater curvature of stomach (sleeve 
gastrectomy), preservation of pylorus and proximal duodenum, with 
aggressive bypass of small intestine (common channel for absorption 
50 cm to 100 cm long). 

 
Jejunoileal Bypass 
(JB) 

Diversionary 
malabsorptive 

Bypass of most of small intestine. Abandoned because of 
unacceptable side-effect profile including risk of liver failure and 
severe malabsorption with nutritional deficiencies. 

 
Banded 
Gastroplasty 
(Vertical or 
Horizontal)  

Restrictive Stomach partitioned close to gastroesophageal junction. Small upper 
gastrointestinal pouch of 15 mL to 20 mL capacity created. This 
empties into remaining stomach through small, reinforced outlet. 
These procedures abandoned because of poor long-term weight loss 
results and frequent need for reoperation. 
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1.2.2 Complications of bariatric surgery 

The complications of bariatric surgery are divided into immediate and long-term.17, 18 The 
immediate complications are specific to each surgery. Procedures that include division or 
anastomosis of the gastrointestinal tract carry the risk of leakage and bleeding, which can be life-
threatening and increase the risk of perioperative death. Venous thromboembolic disease, 
cardiorespiratory events, and wound infections are uncommon after laparoscopic bariatric 
surgery compared with open approaches.18 Longer-term complications are specific to the type of 
surgery performed. For example, malabsorptive procedures increase the risk of long-term 
vitamin and nutrient deficiencies;17 whereas gastric banding leads to the risk of slippage, erosion, 
and port-site complications.19 Surgical complications may present with minimal physical signs 
and symptoms; may be difficult to detect on physical examination because of large body habitus; 
and may be more likely to lead to death or other sequelae because of the limited physiological 
reserve in this population. Non-surgical complications of patients undergoing bariatric surgery 
include nutritional deficits, increased incidence of psychosocial issues, increased reports of 
accidental deaths and suicides, and complications arising from excess, redundant tissue after 
significant weight loss. 
 
1.2.3 Practice guidelines for bariatric surgery 

Bariatric surgery-specific guidelines have been published jointly by the American Association of 
Clinical Endocrinologists, the Obesity Society, and the American Society for Metabolic and 
Bariatric Surgery.20 These guidelines discuss the indications for surgery, types of bariatric 
procedures, perioperative management strategies, procedure-specific complications, and long-
term recommendations for monitoring. Additional resources include the relevant sections of the 
Canadian1 and American13 obesity guidelines. 
 
1.2.4 Demand for and supply of bariatric surgery in Canada 

Bariatric surgery is performed in several Canadian provinces. The procedures that are offered 
depend on the expertise and preference of each bariatric program and surgeon. The demand for 
bariatric surgery in Canada and the US is increasing exponentially. In Canada, the annual 
number of procedures performed between 2000 and 2003 increased fourteen-fold to more than 
1,100 operations.21 In the US, the annual number of procedures has risen eight-fold to more than 
100,000 procedures.22 
 
Because more than one million patients in Canada are potentially eligible to undergo a batriatric 
procedure, the potential demand outstrips the projected capacity to perform this procedure by 
nearly six hundred-fold.23 The average wait time to access bariatric surgery in Canada is more 
than five years.24 Some Canadian jurisdictions in which bariatric surgery is unavailable or in 
which demand cannot be met refer eligible patients out of province to access these services. 
Therefore, patients may choose to undergo surgery in private centres in or outside Canada. The 
costs range from C$7,500 to C$17,000 for adjustable gastric banding (AGB) and C$15,000 to 
C$25,000 for gastric bypass (DB, unpublished observations, 2009). No data on the number of 
Canadians who have accessed private bariatric surgery (or the outcomes of such procedures) are 
available. 
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1.2.5 Bariatric surgery costs and resource use 

Studies examining the impact of bariatric surgery on downstream health care costs and resource 
use have been mainly observational, with mixed results. Hospital use and costs seem to increase 
for surgical patients in the first one to two years after surgery, and total medication costs are 
unchanged or reduced after five to six years.25, 26 An adequate study of the economic 
ramifications of bariatric surgery in the Canadian context is lacking. 
 
 

2 THE ISSUE 

Bariatric surgery may be considered by doctors for adults who have a BMI of 40 kg/m2 or more, 
or a BMI of 35 kg/m2 or more with an obesity-related comorbidity and a failed lifestyle 
modification. This is a population for which the clinical and economic burden of illness is large. 
Driven by perceptions that surgery is superior to alternatives for the management of severe 
obesity, the demand for bariatric surgery is increasing in Canada (reflected by lengthening 
waiting lists despite growing surgical capacity). The current levels of demand cannot be met by 
using existing infrastructure (seen in the extended wait times that exist for this procedure). 
Because the development of additional surgical capacity will require an allocation of scarce 
health care resources, a comprehensive assessment of the effectiveness, costs, complications, and 
health care impact of performing bariatric surgery would be useful to decision-makers. 
 
 

3 OBJECTIVES 

We performed a systematic review of the clinical effectiveness and safety of bariatric surgical 
interventions and conducted an economic evaluation and budget impact analysis assessing 
bariatric surgical interventions in adult patients with severe obesity. We compared bariatric 
surgery with standard care, and the different surgical modalities with each other. The objectives 
were achieved by addressing four research questions: 
1. What Canadian and international clinical practice guidelines exist for the treatment of severe 

obesity with bariatric surgery? 
2. What is the clinical effectiveness and safety of available bariatric surgical interventions for 

severe obesity? 
3. What is the cost-effectiveness of available bariatric surgical interventions for severe obesity? 
4. What best practices can be identified for the service delivery of bariatric surgery in the 

management of severe obesity? 
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4 PRACTICE GUIDELINES 

Experts in the field identified the key guidelines. Current Canadian and US guidelines1, 13 
recommend surgery be considered in patients who fail to lose weight through standard care (i.e., 
lifestyle modification: diet and exercise medical counselling) with or without pharmacological 
therapy and who have: 
1. A BMI of 35.0-39.9 kg/m2 and a major obesity-related comorbidity (see Table 1); or 
2. A BMI of 40 kg/m2 or greater. 
 
These recommendations are very similar to those originally proposed in 1988. Additional 
important points that are emphasized in these guidelines include: 
1. Surgery should only be considered in patients who are motivated and who have failed to lose 

weight through lifestyle modification. 
2. Care is best provided by a multidisciplinary team. The Canadian guidelines recommend that 

this include a dietician, an internist, a psychologist or psychiatrist, a social worker, a 
respiratory specialist, nurses and a physiotherapist. 

3. The benefit of surgery should outweigh the risk in these individuals. 
4. Patients should be psychologically stable preoperatively. If necessary, expert psychological 

assessment should be undertaken. 
5. Surgical patients receive lifelong follow-up. 
6. The type of procedure depends upon surgeon experience and patient preference. 
 
In the US, the American College of Surgeons and the American Society for Bariatric and 
Metabolic Surgery have also outlined criteria for designating surgical centres as “Centres of 
Excellence”,27 which include surgical programs that:  
1. Have provided bariatric care for more than one year. 
2. Prospectively collect and report outcomes. 
3. Have at least two bariatric surgeons, a director of bariatric surgery, and a bariatrics surgery 

coordinator. 
4. Perform at least 125 operations per year. This is primarily based on the finding that higher 

volume centres report lower patient mortality (see Section 7 of this report).   
 
However, this latter threshold has been criticized for two major reasons:28 
1. Choosing an absolute threshold may limit access to surgery, especially where access is 

already limited. 
2. Since mortality rates are already quite low (generally less than 0.5%), the absolute difference 

between surgical centres that perform and do not perform 125 operations per year is very 
small. 
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5 CLINICAL REVIEW 

5.1 Methods 

The systematic review was conducted according to guidelines.29, 30 A protocol was written a 
priori and followed throughout the review process. The objective was to assess the effectiveness 
and safety of bariatric surgical interventions in the treatment of adult patients with severe 
obesity. Specifically, we compared the use of available bariatric surgical interventions to each 
other and to standard care (diet and exercise) with or without pharmacotherapy. 
 
5.1.1 Literature search 

The following bibliographic databases were searched: MEDLINE (1950 to February 3, 2009), 
Embase (1980 to February 3, 2009), and Cochrane Central Register of Controlled Trials 
(February 3, 2009). The searches were not restricted by language or publication source.  
A basic PubCrawler alert was run until March 21, 2010 to retrieve newly added, obesity-related, 
PubMed articles that were published after the end of the search but before the report was 
completed. Trial registries and health technology assessment websites were also searched 
(Appendix 1). The search strategies were created by a Masters of Library Information Science 
qualified librarian. The searches were supplemented by hand searching the reference lists of 
relevant reviews. Canadian manufacturers of gastric bands (Allergan Canada Inc, Medical 
Innovations Inc, OBTECH Medical Sarl, and Silimed Inc.) were contacted, as were the authors 
of included studies.  
 
5.1.2 Selection criteria and method 

a) Selection criteria 
Studies were eligible for inclusion in the systematic review if they satisfied the following 
criteria: 
 
Study design 
The studies were parallel quasi-randomized or randomized controlled trials (RCTs). A quasi-
RCT is a trial using a quasi-random method of intervention assignment such as alternation, or 
allocation by date of birth or medical record number (a method that is not random). 
 
Population 
The population consisted of severely obese adults (16 years or older), with an accepted 
indication for bariatric surgery: BMI of 40 kg/m2 or more (or BMI of 35 kg/m2 or more with at 
least one obesity-related comorbidity). Persons aged 16 years to 17 years were more similar to 
those aged 18 years or more than to those 16 years or younger, and thus were included in the 
systematic review. 
 In trials that did not report inclusion criteria for BMI, we used the following formulations of 

study BMI to approximate NIH criteria and determine trial eligibility:  
 mean BMI of 43 kg/m2 or more, or mean BMI of 38 kg/m2 or more with comorbidity 
 mean excess weight 72% or more, or mean excess weight 52% or more with comorbidity 
 mean weight of 113 kg or more, or mean weight 99 kg or more with comorbidity. 
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 These approximations were based on an ideal BMI of 25 kg/m2 and the mean height of an 
average 40-year-old Canadian woman (1.618 m).31 

 
Intervention 
The intervention was at least one bariatric surgical intervention, such as gastric banding, 
gastroplasty (vertical or horizontal, banded or unbanded), gastric bypass (Roux-en-Y [RYGB], 
mini-gastric bypass, sleeve RYGB, banded RYGB), JB, biliopancreatic diversion (BPD) with 
duodenal switch, and sleeve gastrectomy. Non-surgical bariatric procedures such as intragastric 
balloons were excluded. 
 
 
Comparators 
The comparators were one or more of a different bariatric surgical intervention, standard care 
(diet and exercise) with or without a pharmacologic intervention, or a variant of the same 
surgical intervention (laparoscopic instead of open surgery, different staplers or bands, different 
limb lengths [bilary, Roux] [Table 2], different operative technical maneuvers). 
 
Outcomes 
The outcomes were one or more of weight change (primary outcome), all-cause mortality, 
control of comorbidities, medication burden, hospitalization, health-related quality of life (QoL), 
excision of redundant tissue after weight loss (body contouring), joint operations, reoperations, 
gastrointestinal disturbances, and surgical sequelae. Data on body contouring were collected for 
the economic model. 
 
b) Selection method 
Each citation or abstract was screened by a clinician (MT) and another reviewer (NK). Any trial 
that was considered to be relevant by one reviewer was retrieved for review. The full text of each 
potentially relevant article was independently assessed by two reviewers (MK, NK) for inclusion 
using the selection criteria and a preprinted form (Appendix 11, Form 1). Disagreements were 
resolved by a third party (NW) through consensus.  
 
5.1.3 Data extraction strategy 

One reviewer (NK) extracted data from selected trials, and a second reviewer (MK) checked for 
accuracy. A statistical reviewer (NW) checked the numerical results for accuracy. We used a 
standard data extraction method to record the following properties of each RCT into a database: 
trial characteristics (country, sample size, duration of follow-up, obesity inclusion criteria, 
number of participating surgeons), participants (age, gender, smoking status, BMI, 
comorbidities), bariatric surgical intervention (type, subtype, laparoscopic or open), control 
regimens and co-interventions, and outcomes (timing of outcome ― early and late defined as 30 
days or less, or more than 30 days postoperatively respectively). We included trial data on the 
following outcomes: change in BMI, all-cause mortality, control of comorbidities (asthma, 
cardiovascular disease, diabetes mellitus, hypertension, urinary incontinence, sleep apnea, 
gastroesophageal reflux disease [GERD], dyslipidemia, arthritis, mental health), medication 
burden, hospitalization (length of stay, readmission, number of visits), QoL (utilities, generic, or 
disease-specific instruments), excess skin removal, hip and knee operations, reoperations 
(including revisions of the initial procedure, those indicating failure of a specific bariatric 
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surgery [conversion to a different type of bariatric procedure, and reversals], reversals alone), 
gastrointestinal disturbances (dumping syndrome, dysphagia, gastritis, reflex, gastric ulcer, and 
vomiting), and surgical sequelae (anastomotic leak, bowel obstruction, hernia, myocardial 
infarction, respiratory failure, serious bleeding, slippage or dilatation of the band, staple-line 
breakdown, luminal stenosis, venous thromboembolic disease, and wound infection). 
 
5.1.4 Strategy for bias assessment 

We assessed the risk of study bias using the following evidence-based criteria: study quality (for 
example, method of allocation concealment,32 randomization technique, double-blinding, and 
description of withdrawals or dropouts)33 (Appendix 11 Form 2). These items were also used to 
calculate the Jadad score.33 Finally, we extracted data on funding sources34 and reports of a prior 
sample size calculations, interim or preliminary analyses, intention-to-treat designs, and reports 
of surgical sequelae. Two reviewers (MK, NK) independently assessed each study. An initial set 
of five eligible trials was used to calibrate quality assessment between reviewers. Disagreements 
were resolved with a third party (NW) through consensus. 
 
5.1.5 Data analysis methods 

We analyzed data using Stata 10.1 (College Station, Texas), R 2.8.1 (www.r-project.org), and 
WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, United Kingdom). The results were 
pooled using the risk ratio (RR) or the risk difference (RD) to summarize dichotomous results, 
and the mean difference (MD) to summarize continuous results. The most frequently reported 
intervention (RYGB) was the control group for every meta-analysis, wherever possible. For 
mortality, gastrointestional disturbances, and surgical sequelae, we report results at early and late 
(30 days or less and more than 30 days post-operatively respectively) time points. Participants 
without documented comorbidity at baseline were excluded in the analysis of comorbidity 
resolution and improvement. 
 
The primary outcome was change in BMI, which is reported for year one, year two, and after 
year two. Otherwise, we present results at the latest time point available. Single-value 
imputations were used to approximate missing standard deviations (SDs).35 The following 
imputation methods were used: dividing the width of the inter-quartile range by 1.35, dividing 
the width of the range using an empirical table provided by Pearson,36 using the maximum SD 
from the available trial results, assuming a correlation of 0.5 for change-from-baseline SDs. 
Excess weight loss was converted to change in BMI by assuming the average height of a 40-
year-old Canadian woman (1.618 m).31 Because of the differences that were expected between 
trials, we decided a priori to combine results using a random effects model.37 Statistical 
heterogeneity was quantified using the I2,38, 39 which approximates the percent of total variation 
(in- and between-study) due to between-study variation. Publication bias40 was not assessed 
because of the small numbers of trials. 
 
We planned a priori to use meta-regression41 to examine whether or not some variables (severity 
of obesity, variations in surgical procedure [for example, open versus laparoscopic], co-
interventions [counselling, plastic surgery], surgeon or health care facility volume, patient age 
and sex, and study quality) influenced the association between surgical intervention (or standard 
care) and change in BMI. 
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We explored the change in BMI between available surgical intervention (or standard care) using 
network analysis42 (specifically, Markov chain Monte Carlo methods in a Bayesian framework). 
Network analysis (mixed-treatment comparisons) extends meta-analysis from pooling directly 
compared treatments (direct evidence is, for example, with Study A versus Study B, the effect of 
A minus the effect of B) (Figure 1) to pooling data from studies that are not directly compared 
but linked via one or more common comparators (indirect evidence is, for example, a study of 
treatment A versus treatment C and a study of treatment C versus treatment B collectively 
providing indirect evidence about the relative merits of treatments A and B). (Figure 1). This 
technique facilitates the comparison of any two surgical interventions (or standard care) that are 
not directly compared in one study and, for this report, the ranking of all available bariatric 
surgical interventions (or standard care). In network analysis, the control group was selected 
according to the lowest ranking of effectiveness. We report Bayesian credible intervals (CrIs) for 
mixed (direct and indirect) and indirect evidence instead of frequentist confidence intervals 
(CIs). Although the interpretation of these two intervals differs (the parameter in a Bayesian 
framework is random; in a frequentist framework the parameter is fixed, and the interval is 
random), for pragmatic purposes, frequentist CIs and Bayesian CrIs are similarly applied. 
Incoherence, where direct and indirect evidence do not agree (beyond chance), was quantified 
using Bucher’s method.43, 44 
 

5.2 Results 

5.2.1 Quantity of research available 

The literature searches resulted in 1,838 records including four trials that were found outside the 
searches: two45, 46 from systematic reviews, one47 from a librarian at CADTH, and one48 from a 
co-author (RP). From these, 223 articles were retrieved (Appendix 2, Figure A-1). A total of 159 
articles were excluded (Appendix 2, Figure A-1 and Appendix 3) resulting in 64 primary 
articles45-108 that met the selection criteria. Disagreements about the inclusion of studies occurred 
in 7% of the articles (kappa = 0.84) on study population (nine articles), outcome (four articles), 
intervention (one article), and control (one article). Eleven of 15 disagreements resulted in 
inclusion. 
 
5.2.2 Trial characteristics 

Of the 63 included articles (Appendix 4, Table A-1), 3145-48, 51, 57, 58, 61, 63, 64, 68, 76-79, 85, 87, 89, 90, 92, 93, 

95-101, 105-107 compared one form of surgical intervention to another surgical intervention or 
standard care (2,642 participants), eight50, 53, 55, 60, 66, 69, 81, 104 compared band-related elements 
(banded RYGB, types of banding, band filling, placement of the band, size of the ring — 978 
participants), five49, 65, 74, 88, 102 compared limb-related elements (different limb lengths and side-
to-side versus end-to-end anastomoses — 383 participants), eight59, 70, 71, 73, 75, 80, 83, 84 compared 
laparoscopic to open approaches (in RYGB, VBG, and AGB surgeries — 663 participants), and 
1252, 54, 56, 62, 67, 72, 82, 86, 91, 94, 103, 108 compared different types of operative technical manoeuvres 
(1,723 participants). No studies included pharmacotherapy in their intervention groups. 
 
a) Surgical intervention versus another surgical intervention or standard care 
Details about the design elements, interventions, and demographics of 31 trials can be found in 
Appendix 4, Table A-1. The following surgical interventions and standard care were reviewed: 
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gastroplasty (VBG,45, 46, 61, 64, 68, 76, 79, 85, 87, 89, 90, 92, 106, 107 horizontal banded gastroplasty (HBG),90 
horizontal (unbanded) gastroplasty (HG),93, 95-98 gastric bypass (RYGB,47, 51, 57, 58, 63, 64, 68, 87, 89, 92, 

93, 96-99, 101, 107 JB,99-101 BPD,58, 77 mini-gastric bypass,63 loop gastric bypass46), adjustable gastric 
banding,45, 47, 48, 57, 61, 76, 78, 79, 85, 105, 106 sleeve gastrectomy,48, 51 gastrogastrostomy,89 and standard 
care77, 95, 100, 105 (two protocols described as low-calorie diets, one described as diet and exercise, 
and the last provided no description). One banding trial78 included an intervention group who 
underwent omentectomy (removal of visceral fat covering the peritoneum). The authors 
investigated the potential effect on the metabolic profile. In sixteen trials, surgery was performed 
using an open approach, in eight trials the approach was laparoscopic, in three trials a 
combination was used, and in four trials the approach was unspecified. The median year of 
publication was 1997, and the median duration of follow-up was 24 months (range six to 60 
months). The sample size ranged from 16 to 310 (median 59). The mean age range of trial 
participants was 30 years to 48 years, and the proportion of females ranged from 44% to 97%. 
The mean baseline BMI ranged from 42 kg/m2 to 58 kg/m2. Few trials reported comorbidities 
among participants (Appendix 4, Table A-1). 
 
b) Band-related comparisons 
Three trials53, 66, 104 compared the Lap-Band to the Realize Adjustable Gastric Band. Two trials50, 

55 compared banded to unbanded RYGB. One trial60 compared two sizes of the silicone ring (62 
mm versus 77 mm) that is used in RYGB. Another trial69 compared the timing and volume of 
band filling, and one81 compared two techniques for the placement of the gastric band 
(esophagogastric versus retrogastric) (Appendix 4, Table A-2). Three trials used an open surgical 
approach, and five trials used a laparoscopic approach. The median year of publication was 
2005, and the median duration of follow-up was 24 months (range six months to 39 months). The 
sample size ranged from 27 to 400 (median 85). The mean age range of trial participants was 35 
years to 44 years, and the proportion of females ranged from 65% to 89%. The mean baseline 
BMI ranged from 43 kg/m2 to 60 kg/m2. One trial reported comorbidities among participants 
(Appendix 4, Table A-2). 
 
c) Limb-related comparisons 
Two trials49, 65 of RYGB participants compared biliary and Roux limb lengths. Another trial 
compared Roux limb lengths and stratified these by BMI (50 kg/m2 or less, or more than 50 
kg/m2). Another trial88 compared defunctionalized jejunum lengths in RYGB participants, and 
one trial102 compared side-to-side with end-to-end shunts in JB (Appendix 4, Table A-3). Three 
trials used an open approach, and two trials used a laparoscopic approach. The median year of 
publication was 2002, and the median duration of follow-up was 40 months (range 24 months to 
48 months). The sample size ranged from 45 to 133 (median 52). The mean age range of trial 
participants was 34 years to 54 years, and the proportion of females ranged from 73% to 96%. 
The mean baseline BMI ranged from 45 kg/m2 to 62 kg/m2. Two trials reported comorbidities 
among participants (Appendix 4, Table A-3). 
 
d) Laparoscopic versus open approaches 
Five RYGB,59, 70, 71, 75, 80 two VBG,73, 83 and one AGB trial84 compared laparoscopic to open 
approaches (Appendix 4, Table A-4). The median year of publication was 2002, and the median 
duration of follow-up was 12 months (range 10 months to 39 months). The sample size ranged 
from 30 to 155 (median 60). The mean age range of trial participants was 35 years to 48 years, 
and the proportion of females ranged from 68% to 94%. The mean baseline BMI ranged from   
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42 kg/m2 to 51 kg/m2. Two trials reported comorbidities among participants (Appendix 4,         
Table A-4). 
 
e) Operative technical manoeuvre comparisons  
Three trials82, 86, 94 compared interrupted to continuous wound closure techniques in RYGB and 
gastroplasty. Two trials examined the use of staple line reinforcement in RYGB: one54 with 
polyglycolide acid and trimethylene carbonate, and one62 with glycolic copolymer sleeves. The 
remaining trials examined variations of the RYGB procedure: circular stapled anastomosis108 
(transorally introduced versus transabdominally introduced), the use of fibrin glue at the gastro-
jejeunal and jejeuno-jejeunal anastomoses,103 the timing of stapling in sleeve gastrectomy52 (after 
full devascularization and mobilization of the gastric curve or as soon as the lesser sac is 
entered), size of staple height56 (21 mm versus 25 mm), the use of bovine pericardial strips on 
the linear stapler,67 model of row stapler,72 and whether to use a closed suction drain for the 
wound91 (Appendix 4, Table A-5). Three trials used an open approach, and nine trials used a 
laparoscopic approach. The median year of publication was 2005, and the median duration of 
follow-up was 12 months (range one month to 29 months). The sample size ranged from 20 to 
331 (median 103). The mean age range of trial participants was 35 years to 46 years, and the 
proportion of females ranged from 55% to 88%. The mean baseline BMI ranged from 45 kg/m2 
to 53 kg/m2. Two trials reported comorbidities among participants (Appendix 4, Table A-5). 
 
5.2.3 Data analysis and synthesis  

a) One surgical intervention versus another surgical intervention or standard care 
The 31 trials (Appendix 4, Table A-6) had a median Jadad score of 1.5. Thirty-nine per cent of 
trials reported adequate concealment of treatment assignment before assignment. Of the 32% that 
described the method of randomization, 20% described a suboptimal method of randomization 
(use of hospital numbers or date of admission). Notwithstanding the fact that the surgical trials 
are difficult to blind, 10% of trials sought to blind participants or outcome assessors to treatment 
assignment. The reporting of sample size calculations and the use of intention-to-treat designs 
were infrequent (23% and 13% respectively). Thirty-two percent of trials adequately described 
losses-to-follow-up (frequencies and reasons by intervention group); the proportion of loss-to-
follow-up was 10% or more in 20% of the trials that reported this statistic. No trial reported a 
Consolidated Standards of Reporting Trials (CONSORT) trial flow diagram.109 Surgical sequelae 
(for example, anastomotic leaks, band slippage, wound infection) were reported (81%) but 
generally not by specific event or group.110 Most trials (71%) did not report a source of funding. 
 
Publication bias and other sensitivity analyses 
There were too few studies in any particular comparison (maximum of three trials) to assess 
publication bias or another sensitivity analysis such as examination of potential modifiers in 
meta-regression. 
 
Body mass index at one year 
Fifteen trials46, 47, 51, 57, 58, 61, 63, 64, 68, 76, 77, 92, 93, 97, 99 (1,103 participants) reported changes in BMI 
at one year (Appendix 5, Figures A-9 and A-10). Network (mixed-treatment) analysis was used 
to rank the interventions in order of effectiveness for reducing BMI (from most to least 
efficacious): JB, loop gastric bypass, mini-gastric bypass, BPD, sleeve gastrectomy, RYGB, HG, 
VBG, AGB, and standard care. The differences between JB, loop gastric bypass, mini-gastric 
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bypass, BPD, and sleeve gastrectomy were non-significant in network analysis, and direct 
comparisons between these modalities were inconclusive or unavailable. 
 
Because there was only one closed loop in the network (AGB ― VBG ― RYGB), we could 
calculate only one incoherence statistic. The incoherence was not significant (−2.2 kg/m2 [95% 
CI: −6.5; 2.1]; P = 0.31). 
 
In network analysis, we found that loop gastric bypass produced significantly greater decreases 
in BMI from baseline than AGB (MD −8.6 kg/m2 [95% CrI: −16.3 to −0.2]) and standard care 
(−10.7 kg/m2 [−21.2 to −0.2]). Mini-gastric bypass produced significantly greater decreases than 
HG (−7.0 kg/m2 [−13.7 to −0.005]), AGB (−9.1 kg/m2 [−15.3 to −2.6]), and standard care (−11.2 
kg/m2 [−20.5 to −2.7]). BPD produced significantly greater decreases in BMI than HG (−6.8 
kg/m2 [−13.0 to −0.1]), AGB (MD −9.0 kg/m2 [95% CI: −14.7 to −2.9]), and standard care 
(−11.0 kg/m2 [−16.0 to −6.5]). Sleeve gastrectomy produced significantly greater decreases in 
BMI than AGB (−7.8 kg/m2 [−13.7 to −1.4]), and standard care (−9.8 kg/m2 [−18.9 to −1.3]). 
Direct evidence was unavailable to support any of the findings from network analysis. 
 
In network analysis, RYGB produced significantly greater decreases in BMI from baseline than 
HG (MD −4.4 kg/m2 [95% CrI: −8.3 to −0.4]), AGB (−6.6 kg/m2 [−9.5 to −3.4]), and standard 
care (−8.6 kg/m2 [−16.0 to −2.2]). Available direct evidence supported the findings of network 
analysis for RYGB versus HG (−4.3 kg/m2 [95% CI: −8.0 to −0.6]; two trials93, 97), and RYGB 
versus AGB (−5.8 kg/m2 [−9.7 to −1.9]; two trials47, 57) although statistical heterogeneity was 
large (I2 66% and 88% respectively). 
 
Although the effect of RYGB on BMI compared with VBG was non-significant in network 
analysis (−2.6 kg/m2 [95% CrI: −5.8 to 0.02]), direct comparisons between these two modalities 
suggested that RYGB lowered BMI to a significantly greater extent than VBG (−3.2 kg/m2 [95% 
CI: −4.8 to −1.6]; three trials,64, 68, 92 I2 10%). Conversely, using direct evidence, BPD produced 
significantly greater decreases in BMI than RYGB (−2.3 kg/m2 [−3.7 to −0.9]; one trial58). 
Mixed comparisons did not suggest that the reduction in BMI was significantly greater with BPD 
than RYGB (−2.4 kg/m2 [95% CrI: −7.3 to 2.9]). 
 
In network comparisons, VBG produced significantly greater decreases in BMI from baseline 
than AGB (MD: −3.9 kg/m2 [95% CrI: −6.6 to −0.7]), and there were similar conclusions with 
the direct evidence (−4.8 kg/m2 [95% CI: −5.6 to −4.0]; two trials,61, 76 I2 0%). Another trial45 
lasting six months also found a greater decrease in VBG participants compared with AGB 
participants (−10.1 kg/m2 [−13.9 to −6.2]). Based on direct and mixed evidence, BPD produced 
significantly greater decreases in BMI than standard care (−11.3 kg/m2 [−17.3 to −5.4]; one 
trial,77 and −11.0 kg/m2 [95% CrI: −16.0 to −6.5] respectively). Two studies not reporting weight 
loss at a priori time points found that AGB was associated with significantly greater decreases at 
nine months compared with standard care105 (−27.0 kg [95% CI: −29.0 to −25.0]), and sleeve 
gastrectomy was associated with significantly greater decreases at six months compared with 
AGB48 (−8.1 kg/m2 [95% CI: −11.2 to −5.2]). No BMI data were available for gastrogastostomy 
and AGB with omentectomy. 
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Body mass index at two years 
Ten trials47, 58, 61, 63, 64, 68, 76, 78, 92, 99 (813 participants) reported changes in BMI at two years 
(Appendix 5, Figures A-9 and A-11). In network analysis, the relative ranking of the surgical 
modalities at this time point was similar to those at one year — except that BPD was ranked 
higher than mini-gastric bypass. The overall ranking of reductions in BMI was JB, BPD, mini-
gastric bypass, AGB with omentectomy, RYGB, VBG, and AGB. 
 
There was one closed loop in the network (AGB — VBG — RYGB). The incoherence statistic 
was not significant (−2.0 kg/m2 [95% CI: −4.4 to 0.4]; P = 0.10). 
 
In network analysis, JB produced significantly greater decreases from baseline than AGB (MD 
−11.8 kg/m2 [95% CrI: −23.2 to −0.5]); there was no direct evidence available for this 
comparison. BPD produced significantly greater decreases in BMI than AGB with omentectomy 
(−8.4 kg/m2 [−15.9 to −1.1]), RYGB (−4.6 kg/m2 [−9.0 to −0.3]), VBG (−8.7 kg/m2 [−14.0 to 
−4.0]), and AGB (−12.6 kg/m2 [−17.7 to −7.3]). There was supporting direct evidence for the 
BPD versus RYGB comparison only (−4.6 kg/m2 [95% CI: −7.0 to −2.2]; one trial58). Mini-
gastric bypass produced significantly greater decreases in BMI than VBG (−6.7 kg/m2 [95% CrI: 
−12.4 to −1.6]), and AGB (−10.6 kg/m2 [−16.4 to −5.1]); there was no direct evidence available. 
RYGB produced significantly greater decreases in BMI than VBG (−4.1 kg/m2 [−7.0; −1.9]), and 
AGB (−8.0 kg/m2 [−10.9 to −5.1]). Direct evidence was available and supportive for RYGB 
versus VBG (−4.7 kg/m2 [95% CI: −6.1 to −3.2]; three trials,64, 68, 92 I2 0%), and RYGB versus 
AGB (−7.2 kg/m2 [−8.9 to −5.5]; one trial47).  
 
In network analysis, VBG produced significantly greater decreases in BMI from baseline than 
AGB (MD −4.0 kg/m2 [95% CrI: −6.2 to −1.0]) and the direct evidence was similar (−4.5 kg/m2 
[95% CI: −5.3 to −3.7]; two trials,61, 76 I2 0%). Another trial106 reporting only 18-month data 
found a non-significantly smaller decrease in BMI among AGB participants compared with VBG 
participants (−1.0 kg/m2 [−7.0 to 5.0]). Although the mixed evidence for the effect of AGB 
omentectomy on BMI compared with AGB was non-significant (−4.2 kg/m2 [95% CrI: −9.6 to 
1.0]), direct comparisons between these two modalities suggested that AGB with omentectomy 
lowered BMI to a significantly greater extent than AGB alone (−4.0 kg/m2 [95% CI: −7.6 to 
−0.4]; one trial78). No BMI data were available at two years for loop gastric bypass, sleeve 
gastrectomy, HG, gastrogastostomy, or standard care. 
 
Body mass index at three to five years 
Seven trials47, 57, 76, 92, 95, 99, 107 (416 participants) reported changes in BMI after a follow-up of 
three to five years (Appendix 5, Figures A-9 and A-12). In network analysis, the relative ranking 
of the surgical modalities during this period were similar to results at year one and year two: JB, 
RYGB, VBG, and AGB. RYGB produced significantly greater decreases in BMI from baseline 
than AGB (MD −7.7 kg/m2 [95% CrI: −15.1 to −0.01]). Direct evidence was available and 
supportive for RYGB surgeries compared with AGB (−6.4 kg/m2 [95% CI: −7.9 to −4.9]; two 
trials,47, 57 I2 0%). No other result from the network analysis was significant. 
 
There was one closed loop in the network (AGB ― VBG ― RYGB). The incoherence statistic 
(the difference between direct and indirect evidence) was significant (−6.3 kg/m2 [95% CI: −8.5 
to −4.1]; P < 0.0001), suggesting that the network analyses may overestimate decreases in BMI 
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for RYGB compared with AGB (indirect 12.7 kg/m2 versus direct 6.4 kg/m2) and may 
overestimate decreases in BMI for VBG compared with RYGB (8.2 kg/m2 versus 1.9 kg/m2) and 
compared with AGB (4.5 kg/m2 versus −1.8 kg/m2).  
 
Based on direct evidence, RYGB produced significantly greater decreases in BMI from baseline 
than VBG (MD −8.2 kg/m2 [95% CI: −9.6 to −6.9]; two trials,92, 107 I2 0%), and VBG produced 
significantly greater decreases than AGB (−4.5 kg/m2 [−5.4 to −3.6]; one trial76). The mixed 
evidence for these comparisons was non-significant (−5.9 kg/m2 [95% CrI: −13.8 to 2.0], and 
−1.9 kg/m2 [−10.7 to 7.1] respectively). One trial that compared HG to standard care showed a 
significantly greater decrease in BMI among those in the HG group (−2.8 kg/m2 [95% CI: −5.4 
to −0.1]). Because this comparison had no common intervention with the other trials, it could not 
be linked to the network analysis. No BMI data were available during this period for BPD, loop 
gastric bypass, mini-gastric bypass, AGB with omentectomy, gastrogastostomy, or sleeve 
gastrectomy. 
 
Two trials89, 93 (367 participants) compared the requirement of downstream body contouring 
operations between intervention groups (Appendix 5, Figure A-13). The likelihood of 
undergoing a body-contouring procedure was significantly lower in VBG participants and 
gastrogastostomy participants compared with RYGB participants (RR 0.51 [95% CI: 0.31 to 
0.83]; one trial;89 and 0.38 [0.22; 0.66]; one trial89). The incidence of skin removal for HG to 
RYGB and gastrogastostomy to VBG comparisons were non-significant. 
 
All-cause mortality 
Twenty-three trials45, 47, 48, 51, 57, 58, 61, 63, 68, 76, 79, 87, 89, 90, 92, 93, 96-101, 107 (2,042 participants) reported 
all-cause mortality (Appendix 5, Figure A-4). No significant difference in mortality risk (early 
[30 days or less] and during follow-up) was observed between any pair of interventions. All trials 
followed participants for less than five years. The number of trials pooled ranged from one to 
three. No statistical heterogeneity was observed in the quantitative pooling of results (all I2 were 
0). Three pooled comparisons in early mortality produced confidence limits within ± 2% 
suggesting no differential mortality risk between therapies: VBG versus RYGB (RD 0% [95% 
CI: −1.7 to 1.7]; I2 0%, three trials68, 89, 107), AGB versus RYGB (0% [−2.0; 2.0]; one trial47), and 
gastrogastostomy versus RYGB (0% [−1.9; 1.9]; one trial89). 
 
Control of comorbidity 
Six trials51, 57, 58, 61, 93, 96 (three to 100 participants, depending on the comorbidity) reported 
resolution or improvement in comorbidity (Appendix 5, Figure A-5). Participants without pre-
existing comorbidity at baseline were excluded in the analysis. All RDs were non-significant, 
and these analyses were uninformative because of low power. No trials reported the incidence of 
knee or hip replacements. 
 
Hospitalization 
Eleven trials45, 47, 57, 61, 63, 64, 68, 76, 89, 93, 97 (1,218 participants) compared the length of hospital stay 
after surgery (Appendix 5, Figure A-6). Comparisons of AGB and RYGB, and AGB and VBG, 
found significantly shorter lengths-of-stay among AGB participants (MD −1.7 days [95% CI: 
−2.0 to −1.3]; I2 0%, 2 trials,47, 57 and −3.1 days (−5.0; −1.2); three trials;45, 61, 76 I2 0% 
respectively). In two other comparisons, HG versus RYGB and VBG versus RYGB (two93, 97 and 



 

Bariatric Surgery for Severe Obesity: Systematic Review and Economic Evaluation 17

three trials64, 68, 89 respectively), the statistical heterogeneity was large (73% and 92% 
respectively). One93 of two trials showed significant fewer days of stay in the HG participants 
compared with the RYGB participants (−2.5 [−4.4; −0.6]), and one68 of three trials showed 
significantly fewer days in the VBG participants compared with the RYGB participants (−2.2 
[−2.9; −1.5]). Both of the pooled results were non-significant. 
 
Four trials47, 68, 98, 101 (389 participants) reported the incidence of readmission (Appendix 5, 
Figure A-7). JB led to a significantly elevated risk of readmission compared with RYGB (RR 
2.96 [95% CI: 1.05 to 8.39]; one trial101). The remaining three comparisons produced non-
significant results. 
 
Health-related quality of life 
No trials reported utility scores (a quality of life measure that is not disease specific and ranges 
from 0 to 1). One trial111 (197 participants) used a generic instrument, Medical Outcomes Study 
36-item Short Form (SF-36), to measure quality of life (Appendix 5, Figure A-8). At one year, 
across all eight domains, no significant differences were found for AGB versus RYGB. 
Clinically relevant differences could not be excluded. Differences in the mean estimates for the 
physical functioning and role-physical domains were large and favoured AGB (MD 8.1 and 12.7 
respectively). Two trials63, 68 (160 participants) measured quality of life using an obesity-specific 
measure (the Gastrointestinal Quality-of-Life Index). One trial68 found a significant difference 
showing a better quality of life in RYGB participants compared with VBG participants (MD 14.6 
(95% CI: 7.2 to 22.1]). The other trial63 found no significant difference between mini-gastric 
bypass and RYGB participants. 
 
Reoperations and revisions 
Twenty trials46, 47, 57, 58, 61, 63, 64, 68, 76, 79, 87, 92, 93, 96, 97, 99-101, 106, 107 (1,769 participants) compared the 
incidence of reoperations between intervention groups (Appendix 5, Figure A-14). Compared 
with RYGB participants, JB participants also had more late reoperations (more than 30 days) 
(28% (6.5; 50); one trial101], and HG and VBG participants had more total reoperations (29% 
[6.7; 50]; three trials,93, 96, 97 and 17% (5; 30); two trials,87, 92 I2 0%). Statistical heterogeneity was 
large (I2 84%) between the HG and RYGB trials. All three trials showed that reoperation was 
more frequent in the HG groups. 
 
Twelve trials47, 57, 58, 61, 76, 79, 87, 92, 93, 96, 99, 101 (1,018 participants) compared the incidence of failed 
surgeries (conversions and reversals) between intervention groups (Appendix 5, Figure A-15). 
Compared with the RYGB group, JB and AGB groups had more late failed surgeries (RD 32% 
[95% CI: 9.9 to 53]; 1 trial, and 8.3% [2.8; 14]; two trials, I2 0% respectively). In addition, 
compared with the RYGB group, HG and VBG groups, over the course of follow-up, had more 
failed surgeries (38% [27; 50]; two trials,93, 96 I2 0% and 29% [1.7; 57]; two trials87, 92). Statistical 
heterogeneity was large (I2 85%) between the VBG and RYGB trials. 
 
Seven trials47, 57, 58, 76, 79, 87, 101 (696 participants) compared the incidence of surgical reversals 
between intervention groups (Appendix 5, Figure A-16). Compared with the RYGB group, the 
VBG group, during follow-up, had significantly more reversals (9.3% [0.9; 18]; one trial87). 
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Gastrointestinal disturbances 
Sixteen trials47, 63, 68, 76, 79, 85, 87, 90, 92, 93, 95, 97-99, 101, 107 (1,157 participants) reported incidences of 
dumping syndrome, dyspepsia, dysphagia, gastritis, reflux, ulcer, or vomiting (Appendix 5, 
Figure A-17). During follow-up, the AGB group had significantly less dysphagia than the VBG 
group (RD −50% [95% CI: −72 to −29); one trial85). Compared with the RYGB group, the AGB 
group had significantly fewer late ulcers (−9.9% [−16; −4.0]; one trial47), and the VBG group 
had significantly fewer ulcers (early or late) (−14% [−23; −3.7]; one trial87). The VBG group 
reported a significantly lower risk of late vomiting compared with RYGB (−25% [−45; −5.1]; 
one trial92) and a significantly higher risk of late vomiting compared with the HG group (38% 
[13; 64]; one trial90). 
 
 
Surgical sequelae 
Twenty-two trials47, 57, 58, 61, 63, 64, 68, 76, 79, 87, 89, 90, 92, 93, 95-101, 107 (3,391 participants) reported 
incidences of surgical sequelae (Appendix 5, Figures A-18, A-19, A-20). AGB groups had a 
significantly lower risk of late stenoses than RYGB groups (RD −15% [95% CI: −22 to −8.3]; 
one trial47). AGB groups had a significantly lower risk of late hernia than RYGB groups (−4.5% 
(−8.4; −0.5); two trials,47, 57 I2 0%), and VBG groups (−16% [−27; −5.4]; one trial61). The AGB 
group had a significantly higher risk of late slippage or dilatation than the RYGB group (6.1% 
[1.3; 11]; two trials,47, 57 I2 0%) and VBG group (20% [12; 28]; two trials,61, 76 I2 0%). The AGB 
group had a significantly lower risk of late staple-line breakdown than VBG groups (−25% [−36; 
−14]; two trials,61, 79 I2 20%). HG groups had a significantly higher risk of luminal stenosis 
during follow-up than RYGB groups (11% [1; 21]; one trial96). The AGB group had a lower risk 
of early wound infection than RYGB groups (−6.3% [−11 to −1.4]; one trial47). No trials 
reported the comparative incidence of myocardial infarction. 
 
b) Band-related comparisons 
Eight trials50, 53, 55, 60, 66, 69, 81, 104 (Appendix 4, Table A-7) had a median Jadad score of 1.5. Four 
trials reported adequate concealment of intervention assignment. Two trials described the method 
of randomization, all of which were appropriately randomized. Two trials blinded or tried to 
blind participants and outcome assessors to treatment assignment. The reporting of sample size 
calculations and intention-to-treat designs was infrequent (two and one study respectively). No 
trial adequately described losses-to-follow-up (frequencies and reasons by intervention group); 
the proportion was 10% or more in one of the three trials that reported percentage loss-to-follow-
up. No trial reported a CONSORT trial flow diagram. Surgical sequelae were reported in all 
trials but not by specific event or group. Seven trials did not report a source of funding. 
 
Body mass index 
No trials reported change in BMI at one year. At nine months, Kirchmayr et al.69 (40 
participants) found that multiple occasions of band filling significantly decreased BMI more than 
a one-time post-operative band-filling occasion (MD −3.4 kg/m2 [95% CI: −5.9 to −0.9]). One 
trial50 (60 participants) reported no significant differences in BMI between banded and unbanded 
RYGB at two years (0.2 kg/m2 [−2.3; 2.6]) (Appendix 5, Figure A-25). Two trials55, 66 (270 
participants) reported change in BMI between three and five years. Realize AGB groups reported 
significantly greater decreases in BMI than Lap-Band AGB groups (−1.7 kg/m2 [−2.8; −0.5]; one 
trial66). Banded RYGB groups reported significantly greater decreases in BMI than unbanded 
RYGB groups (−3.9 kg/m2 [−5.9 to −1.9]; one trial55).  
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No trials compared the incidence of body contouring between surgical modalities. 
 
All-cause mortality 
Five trials53, 55, 60, 66, 81 (851 participants) reported all-cause mortality (Appendix 5, Figure A-21). 
The RD for death was non-significantly different between any interventions. One comparison in 
early mortality produced confidence limits within ± 2% (suggesting no evidence of differential 
effectiveness between therapies): Lap-Band versus Realize AGB (RD 0.4% [95% CI: −0.8 to 
1.5]; I2 0%, two trials53, 66). 
 
 
Control of comorbidity 
One trial55 (23 to 74 participants, depending on the comorbidity) reported resolution or 
improvement in comorbidity (Appendix 5, Figure A-22). All RDs were non-significant and 
uninformative because of low power. No trials compared the incidence of joint replacement 
between surgical modalities. 
 
Hospitalization 
Four trials50, 66, 69, 81 (381 participants) compared length of hospital stay after surgery (Appendix 
5, Figure A-23). With retrogastric versus esophagogastric placement of the band in AGB, there 
was a significantly shorter length of stay using retrogastric placement (MD −0.4 days [95% CI: 
−0.6 to −0.2]; one trial81). 
 
Health-related quality of life 
One trial66 (180 participants) measured quality of life using an obesity-specific measure (results 
of the Moorehead-Ardelt Quality-of-Life Questionnaire) (Appendix 5, Figure A-24). There was 
no significant difference between modalities (MD −0.05, P = NS). No utility scores or generic 
measures were reported. 
 
Reoperations and revisions 
Four trials50, 60, 66, 69 (360 participants) compared the incidence of reoperation between 
intervention groups (Appendix 5, Figure A-26). The use of Lap-Band AGB was associated with 
a significantly lower risk of early reoperation than the use of Realize AGB (RD −5.6% [95% CI: 
−11 to −0.4); one trial66). One trial66 (180 participants) reported failed surgeries; this difference 
between Lap-Band and Realize AGB was non-significant (−2.2 [−12.0; 7.3]) (Appendix 5, 
Figure A-27). Two trials50, 66 (240 participants) reported surgical reversals of the bariatric 
procedures; neither showed significant differences between modalities (Lap-Band versus Realize 
AGB, −2.2% [−6.5; 2.1]; and banded versus unbanded RYGB, 3.3% [−5.4; 12.0]) (Appendix 5, 
Figure A-28). 
 
Gastrointestinal disturbances 
Three trials50, 69, 81 (201 participants) reported incidences of reflux or vomiting (Appendix 5, 
Figure A-29). None of the differences were significant. 
 
Serious surgical sequelae 
Eight trials50, 53, 55, 60, 66, 69, 81, 104 (978 participants) reported incidences of anastomotic leak, bowel 
obstruction, hernia, slippage or dilatation, staple-line breakdown, stenosis, venous 
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thromboembolic disease, or wound infection (Appendix 5, Figure A-30). No result was 
statistically significant. 
 
c)  Limb-related comparisons 
Five trials49, 65, 74, 88, 102 (Appendix 4, Table A-8) had a median Jadad score of 2. One trial 
reported adequate concealment of intervention assignment. No trial described the method of 
randomization. One trial tried to blind participants and outcome assessors to treatment 
assignment. No studies reported sample size calculations or intention-to-treat designs. Three 
trials adequately described losses-to-follow-up (frequencies and reasons by intervention group); 
the proportion was less than 10% in one of three trials. No trial reported a CONSORT trial flow 
diagram. Surgical sequelae were reported in three trials but not by specific event or group. None 
of the trials reported a source of funding. 
 
Body mass index 
No trials that made limb-related comparisons reported change in BMI at one year. One trial65 (48 
participants) found significantly greater decreases in BMI with shorter biliary (50 cm versus   
100 cm) and Roux (100 cm versus 150 cm) limb lengths in RYGB recipients at two years (MD 
−2.7 kg/m2 [95% CI: −4.6 to −0.8]) (Appendix 5, Figure A-34). Two trials74, 88 (176 participants) 
reported a change in BMI between three and five years. Neither trial (varying Roux lengths and 
jejunum lengths) reported significant differences in BMI. One trial102 comparing end-to-side to 
end-to-end shunts in JB found no significant difference in the likelihood of 2.7 kg per month per 
year of weight loss with one or no complications (RR 0.85 [0.45; 1.62]). No trials reported 
incidences of body contouring. 
 
All-cause mortality 
Four trials49, 65, 74, 88 (331 participants) reported all-cause mortality (Appendix 5, Figure A-31). 
The RD of death was non-significantly different between any interventions.  
 
Control of comorbidity 
One trial49 (17 to 100 participants, depending on the comorbidity) reported resolution or 
improvement in comorbidity (Appendix 5, Figure A-32). There was a significantly greater 
incidence of resolution of diabetes mellitus in RYGB participants when longer biliary (100 cm 
versus 50 cm) and Roux (250 cm versus 150 cm) limbs (RD 35% [95% CI: 20; 50]; one trial) 
were used. No other result was statistically significant. No trials reported incidences of joint 
operations. 
 
Hospitalization 
One trial65 (48 participants) compared length of hospital stay after surgery (Appendix 5, Figure 
A-33). Longer biliary (100 cm versus 50 cm) and Roux (150 cm versus 100 cm) limb lengths in 
RYGB participants led to significantly shorter hospital stays (MD −0.9 days [95% CI: −1.4 to 
−0.4]; one trial). 
 
Health-related quality of life 
No trials reported a quality of life measure.  
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Reoperations and revisions 
Three trials49, 65, 88 (198 participants) compared the incidence of reoperation between intervention 
groups (Appendix 5, Figure A-35). One trial88 (45 participants) reported failed surgeries 
(Appendix 5, Figure A-36); the trial did not report significant findings. 
 
Gastrointestinal disturbances 
One trial65 (48 participants) comparing bilary and Roux limb lengths reported ulcers (Appendix 
5, Figure A-37). The result was not statistically significant. 
 
Serious surgical sequelae 
Three trials49, 65, 74 (286 participants) reported the incidence of anastomotic leak, bowel 
obstruction, hernia, staple-line breakdown, stenosis, wound infection, or venous thromboembolic 
disease (Appendix 5, Figure A-38). The results were not statistically significant. 
 
d) Laparoscopic versus open 
Eight trials59, 70, 71, 73, 75, 80, 83, 84 comparing laparoscopic to open surgery (Appendix 4, Table A-9) 
had a median Jadad score of 2. Six trials reported adequate concealment of intervention 
assignment. Two trials described an adequate method of randomization. Two trials blinded 
participants and outcome assessors to treatment assignment. Sample size calculations and 
intention-to-treat designs were reported in half or less of the trials (three and four studies 
respectively). Six trials adequately described losses-to-follow-up (frequencies and reasons by 
intervention group); the proportion was 10% or more in one of six trials. No trial reported a 
CONSORT trial flow diagram. Surgical sequelae were reported in all trials but not by specific 
event or group. None of the trials reported a source of funding. 
 
Body mass index 
Five trials70, 73, 75, 80, 84 (234 participants) reported changes in BMI at one year (Appendix 5, 
Figure A-44). There was a small but statistically significantly greater decrease in BMI in the 
laparoscopic participants compared with those undergoing an open procedure (MD −1.2 kg/m2 
[95% CI: −2.2 to −0.2]; five trials, I2 0%). No trials reported changes in BMI at two years. Two 
trials59, 71 (220 participants) reported changes in BMI between three and five years. The 
difference was not statistically significant. No trials reported incidences of body contouring. 
 
All-cause mortality 
Seven trials59, 70, 71, 73, 75, 80, 83 (574 participants) reported all-cause mortality (Appendix 5, Figure 
A-39). The RD of death was non-significantly different between any interventions. 
 
Control of comorbidity 
One trial59 (12 to 61 participants, depending on the comorbidity) in RYGB participants reported 
resolution or improvement in comorbidity (Appendix 5, Figure A-40). There was significantly 
greater resolution of diabetes mellitus in participants who had undergone open surgery instead of 
laparoscopic surgery (RD −50% [95% CI: −89 to −11]; one trial, 13 participants). In addition, 
there was a significantly greater resolution of dyslipidemia in participants who had undergone 
laparoscopic surgery instead of open surgery (−50% [−84 to −16]; one trial, 22 participants). 
There were no other significant findings. No trials reported incidences of joint operations. 
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Hospitalization 
Seven trials70, 71, 73, 75, 80, 83, 84 (507 participants) compared the number of days in hospital 
(hospital stay) after surgery (Appendix 5, Figure A-41). Participants who had undergone 
laparoscopic surgery had significantly shorter stays than participants who had undergone open 
surgery (MD −0.9 days [95% CI: −1.5 to −0.4]; seven trials, I2 39%). After one year, one trial75, 

84 (49 participants) reported shorter stays in laparoscopic participants; this difference was non-
significant (−4.0 days [−8.8 to 0.8]). Two trials (100 participants) reported the incidence of post-
operative readmission (Appendix 5, Figure A-42). This result was non-significantly different 
between surgical approaches (RR 0.83 [0.33; 2.07]; two trials, I2 0%). 
 
Health-related quality of life 
No trials compared utilities between treatment arms. One trial80 (96 participants) used a generic 
instrument to measure quality of life, the SF-36 (Appendix 5, Figure A-43). Three of eight 
domains were significant. Participants who had undergone laparoscopic surgery had better 
assessments for physical functioning (MD 12.4 [95% CI: 2.9 to 21.9]), social functioning (13.2 
[2.9; 23.5]), and mental health (7.9 [1.0; 14.8]). Two trials59, 80 (44 to 106 participants, depending 
on the subscale) measured quality of life using an obesity-specific measure (the Moorehead-
Ardelt instrument). None of these five domains had significant results. The statistical 
heterogeneity was small (I2 were less than 30%). 
 
Reoperations and revisions 
Seven trials59, 70, 73, 75, 80, 83, 84 (519 participants) compared the incidence of reoperation between 
intervention groups (Appendix 5, Figure A-45). One trial84 (49 participants) reported the 
incidence of reversals (Appendix 5, Figure A-46). None of these pooled results were significant. 
 
Gastrointestinal disturbances 
Five trials59, 70, 75, 80, 83 (556 participants) reported the incidence of reflux, ulcer, or vomiting 
(Appendix 5, Figure A-47). The participants with open surgeries experienced significantly less 
vomiting (RD −20% [95% CI: −36 to −4.4], one trial). No other results were significant. 
 
Serious surgical sequelae 
Eight trials59, 70, 71, 73, 75, 80, 83, 84 (694 participants) reported the incidence of anastomotic leak, 
bowel obstruction, hernia, respiratory failure, staple-line breakdown, luminal stenosis, wound 
infection, or venous thromboembolic disease (Appendix 5, Figure A-48). There were 
significantly fewer incidents of early wound infection (RD −7% [95% CI: −11 to −3]; six 
trials,70, 71, 75, 80, 83, 84 I2 0%) and late hernias (−17% [−27 to −7.6]; six trials) in participants who 
had undergone laparoscopic surgeries. The statistical heterogeneity between trials for late hernias 
was large (I2 77%). There were significantly fewer incidents of late luminal stenosis (−8.8% [−17 
to −0.9]; one trial80) in participants who had undergone open surgeries. 
 
e) Operative technical manoeuvre comparisons 
Twelve trials52, 54, 56, 62, 67, 72, 82, 86, 91, 94, 103, 108 (Appendix 4, Table A-10) had a median Jadad score 
of 1.5. Four trials reported adequate concealment of intervention assignment. Of the seven trials 
that reported the method of randomization, four were described as appropriate protocols. None of 
these trials blinded participants and outcome assessors to treatment assignment. Reported sample 
size calculations and intention-to-treat designs were infrequent (three and no studies 
respectively). Three trials adequately described losses-to-follow-up (frequencies and reasons by 
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intervention group); the proportion was 10% or more in one of four trials. No trial reported a 
CONSORT trial flow diagram. Surgical sequelae were reported in all of the trials but not by 
specific event or group. Ten trials did not report a source of funding. 
 
Body mass index 
Two trials52, 108 (60 participants) reported changes in BMI at one year (Appendix 5, Figure A-
51). There was a significantly greater decrease in BMI in participants with transorally introduced 
stapling versus those who were transabdominally stapled (MD −3.2 kg/m2 [95% CI: −5.9 to 
−0.5]; one trial108). One trial (204 participants) reported changes in BMI at two years with the 
use of fibrin glue to seal anastomoses; the changes were non-significant between treatment 
groups. No trials reported findings after more than two years of follow-up. No trials compared 
the incidences of body contouring between treatment groups. 
 
All-cause mortality 
Six trials52, 56, 67, 94, 103, 108 (783 participants) reported all-cause mortality (Appendix 5, Figure A-
49). The RD of death was non-significantly different between any interventions. Two 
comparisons produced confidence limits within ± 2% for the risk of mortality during the follow-
up period (suggesting no difference between treatments): fibrin glue placed on the gastro-
jejeunal and jejuno-jejeunal anastomoses in RYGB participants versus no sealant (RD 0% [95% 
CI: −1.2 to 1.2]; one trial103), and the size of stapler used to form the gastrojejeunal anastomosis 
(21 mm versus 25 mm) (0% [−1.9 to 1.9]; one trial56). 
 
Control of comorbidity 
No trial reported changes in comorbidity status or incidence of joint operations. 
 
Hospitalization 
Four trials52, 91, 103, 108 (574 participants) compared days of stay after surgery (Appendix 5, Figure 
A-50). In RYGB surgeries where wounds were drained using closed suction, the participants had 
significantly longer hospital stays than those who did not have their wounds drained with closed 
suction (MD 3.5 days [95% CI: 1.8 to 5.2]; one trial91). In RYGB surgeries where the circular 
stapled anastomosis was transorally introduced, the participants spent significantly fewer days in 
hospital compared with those whose anastomosis was transabdominally introduced (−0.9 days 
[−1.7 to −0.1]; one trial108). 
 
Health-related quality of life 
No trials reported quality of life measures. 
 
Reoperations and revisions 
Five trials62, 67, 86, 91, 103 (875 participants) compared the incidence of reoperation between 
intervention groups (Appendix 5, Figure A-52). The use of fibrin glue sealant on anastomoses 
reduced the risk of further operations (RD −3.8% [95% CI: −7.1 to −0.4]; one trial103). No other 
comparisons were statistically significant. One trial67 (98 participants) reported the incidence of 
reversal of bariatric surgery (Appendix 5, Figure A-53) and found no significant differences 
between treatment groups. 
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Gastrointestinal disturbances 
Two trials103, 108 (340 participants) reported the incidence of gastric or duodenal ulcer (Appendix 
5, Figure A-54). Neither result was statistically significant. 
 
Serious surgical sequelae 
Eleven trials52, 56, 62, 67, 72, 82, 86, 91, 94, 103, 108 (1,671 participants) reported the incidence of 
anastomotic leak, bowel obstruction, hernia, serious bleeding, luminal stenosis, wound infection, 
or venous thromboembolic disease (Appendix 5, Figure A-55). One trial67 found that using 
bovine pericardial strips with a linear stapler reduced the risk of early anastomotic leaks (RD 
−15% [95% CI: −25 to −4.1]). Another trial56 found that the use of a 25 mm stapler reduced the 
risk of late stenosis compared with a 21 mm stapler (−10% [−19; −1.1]). No other finding was 
statistically significant. 
 

5.3 Discussion 

First, high-quality data from large, adequately powered, long-term RCTs are lacking. In addition, 
data examining mortality, cardiovascular disease, and QoL end points are insufficient, especially 
at time points beyond two years post-operatively. In addition to being short-term, the studies that 
were included in our systematic review mainly enrolled young to middle-aged females and were 
typically of poor methodological quality, which may have increased the risk of bias. 
 
Second, the overall early post-operative mortality rates for bariatric surgery are low 
(approximately 0.5%) and similar to those of other elective non-bariatric procedures. The 
mortality and complication rates in published studies likely represent, however, the “best case 
scenario,” because published reports tend to reflect the results of specialized and high-volume 
bariatric programs. 
 
Third, bariatric surgery seems to be more effective than standard care; and a gradient of 
effectiveness for weight loss (as assessed at one to two years postoperatively) is apparent across 
the spectrum of bariatric procedures. Procedures that are mainly diversionary (JB, BPD) result in 
the greatest amounts of weight loss, hybrid procedures (RYGB) are of intermediate 
effectiveness, and restrictive procedures (VBG, HBG, AGB) result in the least amounts of 
weight loss. No statistically or clinically significant differences in overall mortality rates, 
morbidity rates, or QoL between procedures were identified, although insufficient sample size or 
selection bias may have influenced these conclusions. 
 
Fourth, compared with RYGB, early forms of restrictive (HG, VBG) and malabsorptive 
procedures (JB) are associated with a greater failure rate or a need for downstream revisions or 
reoperations, although these surgeries are infrequently performed. AGB was associated with a 
higher risk of slippage or dilation and procedure reversals/conversions, and a lower risk of 
stenosis, ulceration, and herniation compared with RYGB. AGB led to shorter lengths-of-stay 
compared with RYGB, and JB carries a higher risk of reoperation compared with RYGB. 
 
There was limited evidence that the following were associated with increasing weight loss 
effectiveness: Realize AGB versus Lap-Band AGB, banded RYGB versus unbanded RYGB, and 
resolution of type 2 diabetes was greater with longer biliopancreatic or alimentary limb lengths. 
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Fifth, we did not identify evidence of differences between laparoscopic procedures and open 
procedures in weight loss and comorbidity improvements, although QoL may be better (and 
length-of-stay shorter) after laparoscopic procedures. Open procedures lead to less vomiting and 
luminal stenoses, and more wound infections and hernias.  
 
Sixth, among patients undergoing laparoscopic RYGB, transoral stapling versus transabdominal 
stapling was associated with shorter lengths-of-stay and greater weight loss effectiveness.  
 

6 ECONOMIC ANALYSIS 

6.1 Review of Economic Studies 

6.1.1 Methods 

A protocol for the systematic review was written before the research was done, and was followed 
throughout the process. 
 
a)  Literature search strategy 
In addition to the results from the literature searches for the clinical systematic review, we 
screened citations resulting from economic search strategies. These searches were conducted in 
MEDLINE, Embase, EconLit, EURON EED, and the Harvard Center for Risk Analysis 
(Appendix 1). Alerts and updated searches were not performed. We also screened the reference 
lists of relevant health technology assessments and systematic reviews. 
 
b)  Selection criteria 
Studies were eligible for inclusion in the systematic review if they met the following criteria: 
 they evaluated the incremental impact of a bariatric surgical intervention against a 

comparator group on relevant costs and health benefits 
 the comparator group consisted of another bariatric surgical intervention or standard care 

(diet and exericise) with or without a pharmacological intervention 
 they examined a cohort of adult patients with severe obesity and an indication for surgery 

(BMI of 40 kg/m2 or more, or BMI of 35 kg/m2 or more with obesity-related comorbidity). 
 
The protocol specified that the findings of analyses based on RCTs or in Canadian settings 
would receive higher priority when forming conclusions. 
 
c)  Selection method 
Two reviewers (SK, NW) applied the selection criteria to the title and abstract of each citation. 
Full-text articles were obtained for citations that could not be excluded using the title and 
abstract, and the full text was assessed using a printed form (Appendix 11, Form 4). To be 
included in the review, each study had to satisfy all of the selection criteria. Disagreements 
between reviewers were resolved by consensus. 
 
d)  Data extraction strategy 
One reviewer (MH) used a standard data extraction form to record relevant information, which 
was verified by a second reviewer (SK). The information included author, title, intervention, 
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comparators, study population, study design, time horizon, perspective, data sources for effects, 
data sources for costs, health-related QoL, currency, year, base-case incremental cost-
effectiveness ratio results or incremental net benefit, sensitivity analysis, and conclusions. 
 
e)  Strategy for quality assessment of the studies 
The quality of each included study was independently assessed by two reviewers (SK, MH) 
using a checklist adapted from Neumann et al.112 Information on industry funding was also 
recorded when provided. 
 
f)  Data analysis methods 
We anticipated a priori that a small number of articles would be identified, and therefore a 
qualitative synthesis of included studies was planned. Studies were grouped by comparator 
(surgery versus standard care, or comparison of alternative surgical approaches) and perspective. 
The qualitative synthesis is intended to highlight limitations and relevance of studies, costs, and 
QoL and to assess the applicability of the findings to a contemporary Canadian setting. 
 
6.1.2 Results 

Of the 1,396 citations that were identified from the combined searches, including one study113 
that was found outside the searches, 45 were identified for scrutiny (Appendix 2, Figure A-3).   
A total of 34 articles were excluded, resulting in 11 studies113-123 that met the selection criteria. 
Reviewers agreed on all articles (kappa = 1). The included articles appear in Appendix 6, Table 
A-11. The study performance on the quality criteria appears in Appendix 6, Table A-12. Four 
articles reported industry funding. 
 
a) Narrative review 
Comparison of surgery with standard care 
Societal perspective: van Gemert et al.118 followed a cohort of 21 patients undergoing VBG. 
QoL (measured using the Visual Analogue Scale) and productivity were assessed using pre- and 
post-surgery data, and surgical costs were based on actual resource use. Other costs attributable 
to obesity were calculated using a cost-of-illness approach and determination of the population-
attributable risk of obesity. They concluded that VBG dominated standard care and that the 
validity of the findings is limited by the use of pre-post design, and the assumptions about long-
term costs, QoL, and mortality. 
 
Jensen and Flum116 included women at the top of the BMI distribution and compared 
hypothetical gastric bypass surgery at age 40 years to standard care starting at age 18 years. The 
weight loss that was associated with the two treatments was taken from two case-control studies, 
and costs were derived from several sources. QoL was estimated using data from a time trade-off 
study in a non-surgical obese population. The base case result suggested that gastric bypass 
surgery was associated with an incremental cost-utility ratio (ICUR) of US$7,126, which 
remained attractive in the sensitivity analysis. The results may be biased by the sources of 
clinical outcomes and the exclusion of non-immediate complications. Moreover, not all societal 
costs, such as patient productivity losses, were included. 
 
Healthcare payer perspective: Salem et al.,114 Ackroyd et al.,115 Craig and Tseng,119 Martin et 
al.,120 and Clegg et al.122 found surgery to be attractive compared with standard care. Martin et al. 
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were the only authors to obtain weight loss information from one common trial where patients 
were non-randomly assigned to gastric bypass or standard care. They reported the cost per pound 
of weight loss for each strategy. The costs and weight loss were obtained from the 362 
participants in the study. The cost per pound of weight loss for standard care was found to 
exceed that for surgery after six years of follow-up.  
 
Craig and Tseng119 considered a cohort free from comorbidity, derived effectiveness measures 
from an observational study of gastric bypass surgery, and assumed no further change in BMI in 
the standard care group. QALYs were estimated using a correlation of BMI and QoL from 
national US survey data, and adjusted for QoL impacts of hospital stay and recovery. Patient 
survival was estimated using Framingham Heart Study data. The authors presented cost-
effectiveness measures by subgroup and found surgery to be the least cost-effective for older, 
less obese men. ICURs ranged from $US 5,400 to $16,100 for women and $10,700 to $35,600 
for men.  
 
Salem et al.114 modelled the lifetime outcomes and costs in a cohort without obesity-related 
comorbidities, and compared laparoscopic AGB or RYGB with standard care. Relative risks 
were taken from a literature review and utilities were assigned by gender, age, and BMI 
according to national survey data. Lifetime medical costs were obtained from published data, and 
surgical costs were estimated from the Healthcare Cost and Utilization Project and expert 
opinion. Surgeries in men and women, with BMIs of 40 kg/m2, 50 kg/m2, or 60 kg/m2 and aged 
35 years, 45 years, or 55 years had ICURs consistently under $25,000 per QALY. Laparoscopic 
AGB was reported to be cost-saving in some unspecified populations. The model was based on a 
linear extrapolation of life expectancy by BMI category from a non-obese population 
(Framingham Heart Study), and it is uncertain if this is valid or accurate.  
 
Ackroyd et al.115 studied a cohort of obese participants with type 2 diabetes, and incorporated 
remission of diabetes in the surgically treated versus standard care groups in the United Kingdom 
(UK), France, and Germany. The remission of diabetes after bariatric surgery was based on 
observational data, and QoL was estimated using observed associations of BMI, type 2 diabetes, 
and the European Quality of Life Index ― five dimensions) (EQ-5D) score in a general database, 
the Health Outcomes Data Repository. Ackroyd et al. reported ICURs of £1,517 and £1,929 per 
QALY for gastric bypass and AGB respectively compared with standard care after five years in 
the UK, and concluded that both surgeries were cost-saving after five years in France and 
Germany. The authors assumed no difference in mortality rate across surgeries over the five-year 
period due to surgical complications or comorbid illnesses.  
 
In a study considering a population with Class I-II obesity (mean BMI of 37 kg/m2) diagnosed 
with diabetes mellitus, Keating et al.123 found that laparoscopic AGB was dominant compared 
with standard care. This study was based on a two-year RCT, with effectiveness and costs 
extrapolated over a lifetime horizon. The results were robust to sensitivity analysis, despite the 
fact that the analysis was restricted to diabetes disease costs and quality of life changes. 
 
An National Health Services health technology assessment (HTA) (Clegg et al.122) concluded 
that in the UK, VBG, gastric bypass, and AGB were cost-effective at 20 years compared with 
standard care. This health technology assessment was updated in 2009,113 when laparoscopic 
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AGB and laparoscopic gastric bypass were the surgical alternatives for morbidly obese 
populations, and only laparoscopic AGB was considered as an alternative for moderately to 
severely obese patients with diabetes (based on an RCT in this population) and moderately obese 
patients. Three models were estimated for each cohort using short-term clinical evidence and 
resource use from the previous report and from two RCTs.124,133 The extrapolation of weight 
reduction and diabetes resolution to a 20-year period was based on the Swedish Obesity Study 
(SOS) study. The costs of coronary heart disease, stroke, and diabetes were included for the non-
morbidly obese participants. Surgical management was associated with a 20-year incremental 
cost-effectiveness ratio (ICER) ranging from £3,566 to £12,763. Laparoscopic AGB in 
moderately obese patients was not attractive at two years with an ICER of £60,754.  
 
Comparison between surgeries  
Paxton and Matthews117 conducted a cost-minimization analysis comparing open gastric bypass 
and laparoscopic gastric bypass and using complication rates from 26 studies (mainly 
observational). They assumed that the clinical benefits (weight loss) of the two surgeries would 
be similar. The authors concluded that laparoscopic gastric bypass was cost-effective compared 
with open gastric bypass because of fewer postoperative complications, and differences in 
medical and productivity costs. 
 
Van Mastrigt et al.121 estimated the cost-effectiveness of VBG versus Lap-Band over a one-year 
time horizon, based on a 100-patient RCT. The quantity of resources used and the changes in 
QoL were obtained from the trial. No significant differences in QALYs or costs were found 
between groups, although the use of VBG was associated with a greater per cent excess weight 
loss than Lap-Band. The authors concluded that using VBG would cost an additional €105.80 per 
additional % excess weight loss over Lap-Band. QALYs were not adjusted for differences in 
baseline QoL, likely because of differences in disability status at baseline in the two treatment 
groups, and therefore may bias estimates towards VBG. Longer-term time frames were not 
considered. 
 
Ackroyd et al.115 and Salem et al.114 reported ICERs relative to standard care without providing 
direct comparisons between laparoscopic AGB and laparoscopic gastric bypass. Salem et al. 
found that laparoscopic AGB compared with standard care resulted in ICURs ranging from 
$8,878/QALY (men) to $11,604/QALY (women), and RYGB compared with standard care 
$14,680/QALY to $18,543/QALY. Ackroyd also found both surgeries to be attractive compared 
with conservative standard care. 
 
Clegg et al.122 suggest that AGB and gastric bypass are preferred to VBG, costing respectively 
£6,176 per additional QALY and £742 per additional QALY. Because of significant uncertainty 
about effectiveness and many assumptions, these findings were not robust. The updated HTA did 
not provide direct comparisons across surgeries.113 The use of laparoscopic gastric bypass 
produced a higher ICER than laparoscopic AGB relative to standard care (£6,263 versus £3,566). 
Laparoscopic gastric bypass was found to be more effective and more costly compared with 
standard care (£3,160 for 1.98 incremental QALYs compared with £1,897 for 1.88 incremental 
QALYs). 
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6.1.3 Discussion 

All studies conclude that the cost-effectiveness ratios that are associated with bariatric surgery 
(whether gastric bypass, AGB, or VBG compared with standard care) are attractive (relative to 
stated or implied thresholds). In some circumstances, particularly in cohorts with type 2 diabetes, 
bariatric surgery may be dominant (cost-saving with improved health outcomes) compared with 
standard care. The studies have several limitations. Reliance on observational data and small 
trials for estimates of weight loss and QoL limit confidence in the results. Several studies 
extrapolated cost and outcomes of life expectancy from a population with a lower BMI than the 
population considered. This approach is limited by the assumption that changes in BMI after 
interventions correlate with differences that are found in observational studies comparing obese 
and lower BMI patients. Furthermore, it is unclear if extrapolation from these patient populations 
with a lower BMI is valid. In addition, some studies extracted clinical outcomes from the 
treatment arms of separate trials, which is likely to result in biased estimates. One study123 drew 
relative risks from one RCT. Moreover, although the analytic horizon was a lifetime or 20 years 
in most studies, the time frame for reliable data on effectiveness, comorbidities, and 
complications was shorter.  
 
Two studies obtained utility changes directly from the obese surgical population. The 
Nottingham Health Profile, Visual Analogue Scale, and EQ-5D assessments showed increases in 
QoL postoperatively, although the assessments did not exceed two years of follow-up. In one 
instance,118 QoL declined from the first to the second year after treatment. Other studies used 
regression tools associating BMIs to different utilities, assuming that a person who loses weight 
after bariatric surgery has the same quality of life as someone who is at that weight. Given the 
immediate side effects and short- and long-term complications of surgery, QoL based on BMI 
variations may overestimate the benefits of surgery. 
 
The results varied in age and BMI categories. Picot113 suggests that laparoscopic AGB might be 
cost-effective in the moderately obese population with diabetes but not in those without diabetes. 
Two studies115, 123 suggest that surgery could be cost-saving in patients with diabetes. More 
analyses based on baseline BMI and comorbidity would add value. 
 
It is unclear if these results are generalizable to the Canadian context. Effectiveness was pooled 
from studies that indicated weight loss associated with bariatric surgery. The analyses varied in 
the characteristics of participants, the sources and reliability of clinical outcomes, and the periods 
that were examined. Most studies reported total costs and not the units of resource use on which 
these were based. Although care was taken to use real costs or nationally representative hospital 
charges, costs based on negotiations between insurance companies and hospitals may not apply 
to Canada. 
 
In summary, published economic evaluations have several limitations, including reliance on 
observational data, extrapolation of clinical and cost outcomes from observational studies, lack 
of long-term RCT data, and mixed-treatment estimates of quality of life. Despite this, the 
consensus is that bariatric surgery is likely to be associated with a cost per QALY below stated 
or implied cost-effectiveness thresholds and may be dominant in some patient populations. The 
evidence makes it difficult to discern the relative cost-effectiveness of surgical approaches. 
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6.2 Primary Economic Evaluation 

The objective of the economic evaluation was to determine the cost-effectiveness of bariatric 
surgery compared with standard care, and between bariatric surgical interventions in persons 
with severe obesity (BMI 40 kg/m2 or more, or BMI 35 kg/m2 or more with comorbidity), in the 
Canadian health care system. 
 
6.2.1 Methods 

a) Type of economic evaluation 
Because of the potential impact of obesity and its treatment on quantity and quality of life, a 
cost-utility analysis was conducted. The cost-effectiveness analyses examined incremental costs 
per additional life-years gained and incremental costs per decrement in BMI. 
 
b) Target population 
The population was based on the characteristics of adults (who were enrolled in randomized 
clinical trials of bariatric surgery for severe obesity) that were included in the clinical systematic 
review. Simulated subjects had an average age of 48 years, and 80% were female. The mean 
BMI was 47 kg/m2. The proportion of participants with obesity-related comorbid illnesses was 
obtained from a meta-analysis of observational studies17 (diabetes mellitus in 15%, hypertension 
in 35%, dyslipidemia in 36%, and sleep apnea in 20%). 
 
It was assumed that this was a selected patient population who was screened by bariatric 
specialists, trained psychologists, and dieticians to exclude patients who were unsuitable for 
surgery (such as those with a high likelihood of failure due to dietary non-compliance after 
surgery). This aligns with the use of data from RCTs, because these participants are also likely to 
be selected. Because unselected subjects may have a different outcome and failure rate, the 
results of this economic evaluation may not apply to other patient populations. 
 
c) Treatment comparators 
The base case analysis compared bariatric surgery using the RYGB procedure (the most 
commonly performed surgery in clinical practice and well represented in included RCTs) with 
standard care (lifestyle modification: diet and exercise medical counselling) with no 
pharmacotherapy. Usual care medical management represented the standard of care in the base 
case. More intensive lifestyle management was considered in the sensitivity analysis (Appendix 
7, Table A-13). 
 
RYGB and LAGB were compared, because these are the most common bariatric surgeries. In 
addition, sleeve gastrectomy and BPD were compared. It was assumed that all procedures were 
performed laparoscopically (usual practice in Canada). 
 
d) Modelling 
To determine the cost-effectiveness of bariatric surgery, an economic decision model was 
created to evaluate the clinical benefit and costs that are associated with the treatment of obesity. 
The model was structured to incorporate the results of RCTs that were included in the clinical 
systematic review, wherever possible. The RCT outcomes were constrained because of the short 
period for outcome ascertainment and use of surrogate outcomes. The model was supplemented 
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by focused literature searches to identify the estimates of clinically meaningful outcomes that 
were not provided in RCTs, including resolution of comorbid conditions, development of de 
novo comorbid conditions, long-term mortality risk, and quality of life. We preferentially used 
data from the highest quality studies. Four models with varying time horizons were constructed: 
a short-term model using RCT outcomes of change in BMI for effectiveness at one year; a long-
term model that includes short-term outcomes from randomized trials and incorporates estimates 
of QoL, mortality, and comorbid illness using observational study data over 10 years; a long-
term model using a horizon of 20 years; and a long-term model using a lifetime horizon. The 
longer the time frame, the more assumptions were needed. 
 
When modelling surgical strategies, a decision model was used to represent outcomes occurring 
in the first year, including perioperative mortality, reoperations or revision surgery, or other 
complications. Subsequently, a Markov process was used to estimate costs and clinical outcomes 
in one-year cycles (Appendix 8, Figure A-60). Health states included being alive or dead. The 
costs and effectiveness of each Markov cycle were assigned based on the characteristics of 
survivors (for example, the proportion of persons with diabetes was calculated for survivors, and 
costs were assigned based on the cost of diabetes and the proportion of the population with 
diabetes). The modelling approach appears in Appendix 7, Tables A-14 and A-15. Baseline 
probabilities were taken from RCT data wherever possible (Appendix 7, Tables A-16 and A-17). 
 
e) Effectiveness 
The model outputs were QALYs, life-years gained, change in BMI, health care costs, and 
incremental cost per QALY gained. We performed base case analyses using Markov cohort 
analysis and used Monte Carlo simulation for the probabilistic sensitivity analysis. All analyses 
were performed using TreeAge Pro 2008 (Williamstown, Massachusetts). 
 
f) Audience and perspective 
The target audience includes provincial health ministries and regional bariatric programs that 
provide care for patients with severe obesity. The primary perspective is that of the Canadian 
publicly funded health care system, consistent with the Canadian Agency for Drugs and 
Technologies in Health guidelines for economic assessment of HTAs.125 
 
There are likely to be differences in home and workforce productivity and patient-borne costs if 
alternative treatment strategies produce differences in functional status. Observational data 
support the idea that increased obesity is associated with reduced workforce participation and 
absenteeism.126, 127 It is also plausible that home productivity would decrease, and personal costs 
would be higher with greater obesity, because of functional limitations and additional costs for 
mobility and travel. If the treatment of obesity reduces societal and personal costs, these 
treatments may be more attractive from a societal perspective. Given that a health care payer 
perspective was taken in this analysis, and given the lack of data about the impact on personal 
and productivity costs, as well as the methodological uncertainty about how to incorporate the 
data,128, 129 an analysis from a societal perspective was not done.  
 
g) Time horizon 
Various time horizons were considered to account for data availability and quality. A one-year 
time frame, when reliable effectiveness outcomes are available from included RCTs, and longer-
term horizons of 10-years, 20-years, and lifetime were evaluated.  
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h)  Clinical inputs  
Estimates for clinical inputs were needed for the short-term (less than one year) and for the long-
term. Clinical inputs for the short-term, which were taken from RCTs wherever possible, 
included perioperative and long-term mortality, surgical complications, BMI, quality of life, and 
presence or absence of obesity-related comorbid conditions (Appendix 7, Table A-17). For the 
long-term, estimates of survival, quality of life, probability of weight loss maintenance, and 
development of comorbidity (diabetes mellitus) were taken from observational studies. 
 
Several long-term model inputs were taken from the SOS, a multicentre, prospective cohort 
study of 2,010 surgical and 2,037 standard care controls matched on 18 clinical variables, with 
all participants having medical treatment that failed. This study provides the most 
methodologically rigorous long-term evaluation of bariatric surgery. One of three procedures 
was performed in the surgical arm ― gastric bypass, banding, or vertical-banded gastroplasty. 
This study reported on the outcomes of weight loss, proportion of participants with obesity-
related comorbid conditions, and mortality during a 10-year time frame.130 
 
BMI 
The initial BMI was assumed to be similar to the mean baseline that was reported in included 
RCTs. The incremental change in BMI at one year between strategies was based on direct and 
mixed-treatment comparisons in the clinical review. After one year, subsequent changes in BMI 
were based on the results of an observational study that measured the change in BMI over 10 
years for participants who underwent surgery or had standard care130 (Appendix 8, Figure A-61). 
The BMI remained stable in standard care participants and increased for patients who were 
managed surgically. Beyond 10 years, it was assumed that no further changes in BMI would 
occur in any group (Appendix 7, Table A-17). BMI was also used for quality of life. 
 
Mortality 
The annual risk of mortality in standard care participants was 0.63%.130 Perioperative mortality 
in the RYGB-treated participants was based on the pooled risk of mortality in participants who 
were identified in the clinical review as undergoing this procedure. The differences in short-term 
mortality by surgical approach were based on the calculated relative risk of mortality in the first 
year. 
 
Further modification of mortality after the first year for participants who underwent bariatric 
surgery was based on the calculated relative risk of death compared with standard care reported 
over a 10-year time horizon in the SOS study.130 In the absence of evidence, no difference in 
mortality was assumed after the first year, when bariatric procedures were compared with each 
other. 
 
In the 20-year and lifetime models, the baseline risk mortality rate after 10 years was based on 
life tables showing the annual mortality that was observed among obese Canadians (BMI of 
more than 35 kg/m2) after accounting for increasing mortality with age and assuming this to be 
identical for all strategies. 
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Quality of life 
Improvements in quality of life are thought to be a benefit of weight loss.131 There is, however, a 
paucity of data from RCTs on this. Furthermore, few studies and no RCTs use the preference or 
utility-based quality of life instruments necessary to determine quality-adjusted life-years. 
 
A study132 directly assessed the health state preferences of 402 persons with obesity using a 
VAS. The health state preferences were converted into time trade-off scores. Regression models 
were then used to estimate the change in quality of life for each unit of reduction in BMI in 
persons with a baseline BMI of 28 kg/m2 or more. The reported baseline QoL and change in QoL 
for each unit of BMI were used to estimate the quality of life gains that were associated with 
changes in BMI, in participants with or without diabetes mellitus (Appendix 7, Table A-17). It is 
assumed that this quality of life estimate incorporates the effect of obesity directly and the effect 
of obesity-related comorbid conditions that may resolve or improve concomitantly. Aside from 
short-term quality of life decrements that are associated with surgery, recovery from surgery, and 
surgical complications, no further adjustment in quality of life was performed. 
 
Complications of bariatric surgery 
For participants undergoing bariatric surgery or subsequent surgery, it was assumed that the 
quality of life was reduced to nil (from a baseline of 0.71) for one month to account for surgery 
and recovery. The risk and relative risk of complications were taken from the clinical review for 
each surgical procedure. These complications were classified into those occurring during or after 
index hospitalization (early or late, as defined in the clinical systematic review), and into whether 
they led to an additional surgical procedure (Appendix 7, Tables A-16 and A-18). All surgical 
complications were assumed to occur within the first year of the index surgery. 
 
Obesity-related comorbid conditions 
Many comorbid conditions are associated with obesity, but it is unclear whether the treatment of 
obesity leads to a monotonic reduction in all comorbid conditions. For example, the resolution of 
glucose intolerance and overt diabetes mellitus occurs in a larger proportion of surgically treated 
patients compared with standard care patients in observational studies17 and randomized 
controlled trials.133 It is less clear that this would hold true in other conditions, such as cancer or 
osteoarthritis.134 No studies that met the inclusion criteria of the clinical review showed 
statistically significant resolution of or improvements in obesity-related disorders, including 
diabetes, although many experts find the observational evidence to be conclusive (and few RCTs 
compare bariatric surgery to standard care). This idea is supported by an RCT of participants 
with a lower BMI (this RCT was ineligible for inclusion criteria in the clinical review) and 
diabetes, where a significant reduction in diabetes was seen after surgery.133 
 
In the 10-year horizon model, we incorporated comorbid conditions that were reported to have 
improved in the SOS study130 or in a meta-analysis of observational studies17 and are also likely 
to have clinical and resource implications. These conditions included diabetes mellitus, 
hypertension, dyslipidemia, and sleep apnea. Other obesity-related comorbid conditions were 
excluded because of the absence of studies focusing on them. This may bias against surgical 
treatment if future evidence reveals benefit. The resolution of existing comorbid conditions and 
the occurrence of incident comorbid disease over time in the standard care versus surgery 
comparison and in between-surgery comparisons (RYGB and LAGB) were estimated using data 
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in the SOS study130 and in a meta-analysis of observational studies,17 respectively. The use of 
two sources was necessary, because the SOS study provided data on standard care and surgically 
treated participants, and the meta-analysis of observational studies provided data on the two 
surgical procedures (RYGB and LAGB). The emergence of incident diabetes mellitus over 10 
years in the surgery versus standard care model was based on the results of the SOS study. 
 
The proportion of participants with each comorbid condition was estimated for each year of the 
10-year time horizon model. The resolution of prevalent disease17, 130 and the emergence of 
incident disease (for diabetes only, because no data were available on other conditions) were 
incorporated (Appendix 8, Figures A-62 and A-63; Appendix 7, Table A-19). It was assumed 
that no further change in the prevalence of obesity-related comorbid conditions would occur after 
10 years for any comparators. 
 
To prevent the double counting of benefits, it was assumed that no additional impact on quality 
of life would occur with the resolution or new occurrence of comorbid conditions, except 
diabetes mellitus (in a time trade-off analysis, Hakim et al.132 included an estimate of change in 
utility per reduction in BMI in participants with diabetes). The costs of treating each disease 
were included. 
 
i) Discount rate 
The costs and benefits in the long-term and lifetime models were discounted at 5%, and the rates 
of 0% and 3% were tested in sensitivity analysis.125 Because of theoretical concerns about 
inconsistencies in time preference among persons with obesity,135, 136 higher discounts of 10% 
were also assessed in the lifetime horizon model. 
 
j) Resource use and costs 
All costs are reported in Canadian dollars and are inflated to 2009 costs using the consumer price 
index for health care goods in Canada (Appendix 7, Table A-21).137 
 
Standard care 
Ongoing resource use and the costs of standard care were based on expert opinion (two bariatric 
surgeons: DB, SK; and two bariatric medical specialists: RP, AS) about the standard of care in 
the management of obese patients eligible for bariatric surgery. In the base case, standard care 
consisted of regular visits with a family practitioner and dietician (Appendix 7, Table A-13). 
Specialized intensive medical management is a potential future standard of care. We based the 
resource use of such an intervention on the Weight Wise Program that is delivered through 
Alberta Health Services. 
 
Pre-surgical and post-surgical follow-up 
Preoperative consultation and post-surgical follow-up for each procedure is based on 
recommended practice23 and local surgical practice, including bariatric specialist time, dietician 
follow-up, and laboratory and other testing (Appendix 7, Table A-13). Ongoing follow-up with a 
bariatric specialist biannually for five years, then annually, was assumed to ensure adherence and 
to monitor complications. 
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Surgery and index hospitalization costs 
A micro-costing approach was used to estimate surgical resource utilization. Equipment, 
supplies, operating room time, and professional fees were estimated, based on the quantification 
of resources used for bariatric surgical procedures at the Royal Alexandra Hospital in Edmonton 
(Xinzhe Shi, Centre for the Advancement of Minimally Invasive Surgery, Royal Alexandra 
Hospital, Edmonton, AB: personal communication, 2009 Oct.) (Appendix 7, Tables A-13 and A-
20). It was assumed that all bariatric procedures would be performed laparoscopically, and a  
 
proportion of surgeries would require conversion to open, based on experience at this high- 
volume center. Alternative cost information123, 138 was tested in the sensitivity analysis. 
 
It was assumed that patients without complications would recover in a ward bed, with the length 
of stay and difference in length of stay between surgical procedures based on the results that 
were taken from the clinical review. 
 
Surgical complications 
Surgical complications that were identified in the clinical systematic review were classified into 
early (during or shortly after index surgery) or late (within one year of surgery), and the 
consequences of each surgery in resource use were estimated. Repeat bariatric surgical 
procedures, including revision surgery and stenosis, were assumed to result in similar resource 
use and cost as the index surgery and hospitalization. Other surgical procedures, including hernia 
repair and skin removal procedures, were costed according to Canadian sources. 
 
Comorbid conditions 
We incorporated the incremental costs of incident and prevalent diabetes in a Canadian 
population.139 The equipment and supply costs of continuous positive airway pressure140 were 
also estimated for participants with sleep apnea. The drug costs of hypertension (we assumed the 
use of two agents: thiazide and calcium channel blocker) and of dyslipidemia (statin) were 
estimated. It was assumed that there were no additional costs that were associated with the 
monitoring and treatment of these conditions (Appendix 7, Table A-20). 
 
k) Assumptions and potential limitations 
 The annual risk of mortality is constant during the 10 years after surgery and is accurately 

reflected for standard care participants in the control arm of the SOS study.141 We assumed a 
lower mortality over 10 years for surgically treated participants based on the lower mortality 
rates that were observed in patients with a lower BMI during the SOS study. 

 We used Hakim’s132 observational study (standard care population), which indicates a higher 
quality of life in patients with a lower BMI. Although less certain, we assumed that 
surgically-induced weight loss would improve quality of life because of improvements in 
obesity and other comorbid conditions. We assumed that the association of change in BMI 
and change in QoL is linear over the range of BMI that typically occurs in this population. 

 We assumed that the trajectory of changes in BMI over time can be estimated using the 
change in BMI at one year taken from the clinical review and the observed change of BMI in 
surgically treated and standard care patients over time. Based on the SOS study, no change in 
BMI occurs in standard care participants over 10 years. 
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 The costs of treating obesity-related comorbid conditions are based on changes in the 
prevalence of diabetes, sleep apnea, hypertension, and dyslipidemia. These costs are 
mutually independent. 

 The resolution and development of de novo cormorbid conditions can be reliably estimated 
by using the results of observational studies. Because of the absence of data on the incidence 
of sleep apnea, it is assumed that de novo sleep apnea does not occur. The relative 
improvement in comorbid conditions between surgical approaches can be estimated using 
observational studies.17 

 Participants who were enrolled in RCTs and reported in the SOS study and in the meta-
analysis of observational studies are similar. 

 In the absence of data, after 10 years it is assumed that no differences in relative mortality 
exist between groups. All participants have a risk of mortality that is taken from Canadian 
life tables of persons with obesity (BMI of 35 kg/m2 or more). 

 In the absence of data, it is assumed that there is no change in BMI in any treatment group 
after 10 years. If convergence of BMI occurs over time, this may lead to an overestimation of 
quality of life benefits. 

 In the absence of data, it is assumed that beyond 10 years there is no change in the 
prevalence of obesity-related comorbid conditions. 

 
l) Variability and uncertainty 
For all variables, the degree of uncertainty was assessed and a plausible range for each was 
estimated from available data and tested in sensitivity analysis. One-way sensitivity analysis was 
performed on parameters using 95% CIs, standard deviation, or estimated range as appropriate 
(Appendix 7, Tables A-15, A-17, A-19, and A-20). Variability analysis was also performed (the 
proportion of patients at baseline with diabetes, hypertension, dyslipidemia, and sleep apnea is 
varied). 
 
Probabilistic sensitivity analysis was conducted using Monte Carlo simulation and an estimated 
distribution of each parameter for 1,000 simulations (Appendix 7, Tables A-16, A-17, A-19, and 
A-20). The cost of each unit of resource was excluded in this analysis, because this may vary 
from setting to setting. A cost-effectiveness acceptability curve was generated to represent the 
probability that bariatric surgery would be cost-effective over a range of willingness-to-pay 
thresholds. 
 
Scenario analysis 
Various comparisons and scenarios were assessed, including a comparison between standard care 
and RYGB, and between RYGB and LAGB. A few scenarios were assessed, including the: 
 use of an intensive lifestyle intervention for standard care participants 
 cost of RYGB as reported in a Canadian HTA (reflecting the costs of open RYGB)138 
 comparison of RYGB and LAGB (together representing the most commonly performed 

baratric procedures in Canada) to standard care 
 worst-case scenario for mortality, QoL, and comorbidity improvement with bariatric surgery, 

compared with standard care (lowest range of benefit for each with surgery) 
 between surgery comparisons including RYGB, LAGB, sleeve gastrectomy, and BPD. Data 

were lacking for sleeve gastrectomy and BPD. Thus, the results of analyses are interpreted 
with caution (for example, a lack of data on comorbidity resolution, one small study of sleeve 
gastrectomy in the clinical review to provide one-year outcomes).  
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6.2.2 Results 

a) Model validity 
Consistent with the results of published guidelines,125, 142 before analyzing the decision model we 
ensured that the results made sense and could be explained intuitively. We also assessed logical 
inconsistencies by evaluating our model under hypothetical conditions. We confirmed that the 
mathematical calculations were accurate and consistent with the model’s specifications (internal 
validity). We determined that our model had predictive validity by comparing model outputs (a 
function of input variables and model structure) with the outcomes of studies in the systematic 
review. 
 
b) Base case analyses ― standard care versus bariatric surgery (one-year time 
 frame) 
In the one-year time frame, a change in BMI is a measure of effectiveness. When compared with 
standard care, the use of RYGB was associated with a decrement in BMI of 8.56 kg/m2 (8.6 
kg/m2 for survivors only) and costs of $25,586 compared with $1,349 for the standard care 
strategy. This led to an incremental cost per unit of BMI decrement of $2,990 for RYGB. LAGB 
is less costly, but it is less effective at producing weight loss at one year (−2.8 kg/m2), leading to 
an incremental cost per decrement in BMI of $5,764 (Table 3). 
 

Table 3: Standard Care Versus Bariatric Surgery at 1 Year                            
(Change in BMI as Effectiveness) 

 Cost ($) Incremental 
Cost ($) 

Effectiveness Incremental 
Effectiveness 

ICER ($) 

Standard 1,349  0   
RYGB 26,935 25,586 8.56 8.56 2,990 
Standard 1,349  0   
LAGB 17,487 16,138 2.80 2.80 5,764 
Standard 1,349  0   
Sleeve 22,536 21,187 9.70 9.70 2,184 
Standard 1,349  0   
BPD 34,587 33,238 10.85 10.85 3,064 

BPD = biliopancreatic diversion; ICER = incremental cost-effectiveness ratio; LAGB = laparascopic adjustable gastric banding; 
RYGB = Roux-en-Y gastric banding. 
NOTE: Because of rounding, performing calculations may not produce the exact results shown. 

 
Extended time horizon: In the base case analysis, bariatric surgery (RYGB) results in additional 
quality-adjusted life-years (QALYs) and increased costs compared with standard care. As the 
time horizon of the analysis is extended, the incremental QALY gains increase, and the 
incremental costs decrease. The ICER is $21,595/QALY at 10 years and $9,398/QALY over a 
lifetime horizon for bariatric surgery (RYGB) compared with standard care (Table 4). The results 
are similar if LAGB is used as the comparator, although the ICERs are numerically larger (Table 
5). The results are similar for sleeve gastrectomy and BPD (Appendix 7, Table A-22 and A-23). 
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Table 4: Cost Per QALY Gained for Bariatric Surgery (RYGB)                            
Versus Standard Care by Time Horizon 

Time 
horizon 

Comparators Cost ($) Incremental 
cost ($) 

Effectiveness 
(QALYs) 

Incremental 
effectiveness 

ICER 
($/QALY) 

Standard 16,406  6.19   10 years 
RYGB 41,106 24,699 7.33 1.14 21,595 

Standard 26,534  9.37   20 years 
RYGB 50,282 23,748 11.11 1.74 13,674 

Standard 38,454  12.42   Lifetime 
RYGB 60,106 21,652 14.72 2.30 9,398 

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; RYGB = Roux-en-Y gastric banding. 
NOTE: Because of rounding, performing calculations may not produce the exact results shown. 

 
Table 5: Cost Per QALY Gained for Bariatric Surgery (LAGB)                             

Versus Standard Care by Time Horizon 

Time 
Horizon 

Comparators Cost ($) Incremental 
Cost ($) 

Effectiveness 
(QALYs) 

Incremental 
Effectiveness 

ICER 
($/QALY) 

Standard 16,406  6.19   10 years 
LAGB 30,422 14,016 6.56 0.37 37,910 

Standard 26,534  9.37   20 years 
LAGB 38,879 12,345 9.95 0.58 21,240 

Standard 38,454  12.42   Lifetime 
LAGB 48,021 9,567 13.20 0.79 12,212 

ICER = incremental cost-effectiveness ratio; LAGB = laparascopic adjustable gastric banding; QALY = quality-adjusted life-year.  
NOTE: Because of rounding, performing calculations may not produce the exact results shown. 

 
c) Sensitivity analysis — bariatric surgery versus standard care  
We performed one-way sensitivity analysis on all model variables (Appendix 7, Tables A-16,  
A-17, A-19, and A-20) in the base-case comparison of RYGB versus standard care over a 
lifetime horizon. A tornado diagram (Appendix 8, Figure A-64) using a lifetime frame indicates 
the impact of selected variables on the results. The greatest impact on incremental cost-
effectiveness occurred when the BMI change that was associated with RYGB was reduced to the 
lower limit of the 95% CI. This increased the lifetime ICER to $48,797/QALY. A lower-bound 
utility score of 0.0075 per unit change in BMI113 approximately doubled the ICER over a lifetime 
frame to $16,535/QALY. The consideration of shorter time frames led to a similar relative 
impact on the base-case ICER, although the absolute values were greater (Table 6). At a high 
discount of 10%, the ICER remained below $30,000/QALY for all time horizons. The use of 
SOS data may underestimate the weight gain compared with currently performed surgery. 
Nguyen47 shows a maintained decrease in BMI with RYGB and LAGB at four years, compared 
with the SOS study, which indicates an attenuation of reduction in BMI over time. Using these 
data for the first four years after surgery (then extrapolating using SOS data) led to a more 
favourable ICER of $7,937 per QALY. 
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Table 6: One-way Sensitivity Analysis of Bariatric Surgery (RYGB) Versus Standard Care 

Model Input Tested ICER ($/QALY) 
Model time horizon: 10-years 20-years Lifetime 

Base Case 21,595 13,674 9,398 

Intensive medical management (Weight Wise 
Program) 

20,585 13,008 8,896 

Ontario HTA estimate of RYGB surgery costs 34,042 21,869 15,574 
Survival benefit assumed over 20 years Not applicable 13,605 Not 

applicable 
Survival benefit assumed over lifetime Not applicable Not applicable 8,696 
Discount 0% 17,448 8,593 2,320 
Discount 3% 19,909 11,550 6,418 
Discount 10% 25,914 19,299 16,873 
Worst case scenario for RYGB BMI change 
(−1.7 kg/m2) 

148,686 77,074 48,797 

Best case scenario for RYGB BMI change 
(−16.4 kg/m2) 

10,983 7,085 4,913 

Worst case impact of BMI on utility 
(0.0075/∆BMI) 

39,768 24,407 16,535 

Best case impact of BMI on utility 
(0.0265/∆BMI) 

14,822 9,497 6,564 

Worst case scenario cost of hospitalization 
($1,500/day) 

24,749 15,750 10,963 

Best case scenario cost of hospitalization 
($485/day) 

18,652 11,735 7,937 

Worst case impact of BMI on utility in diabetic 
patients 

23,993 15,128 10,377 

Best case impact of BMI on utility in diabetic 
patients 

19,634 12,474 8,587 

Worst case scenario for cost of RYGB supplies 
($7,998) 

23,067 14,643 10,128 

Best case scenario for cost of RYGB supplies 
($4,799) 

20,125 12,705 8,668 

Worst case for operating room time (240 
minutes) 

22,805 14,470 9,998 

Best case for operating room time (120 minutes) 20,386 12,877 8,797 
RYGB perioperative death: 5% 31,022 19,259 12,912 
RYGB perioperative death: 10% 59,814 36,245 23,583 
Weight loss estimates from Nguyen 18,644 11,630 7,937 

BMI = body mass index; HTA = health technology assessment; ICER = incremental cost-effectiveness ratio; QALY = quality-
adjusted life-year; RYGB = Roux-en-Y gastric banding. 

 
Scenario analyses: Our base-case model included a population with a mix of comorbidities at 
baseline based on Buchwald et al.’s17 meta-analysis. We determined the impact of a range of 
proportions of patients with comorbid conditions at baseline (Appendix 7, Table A-24). Using 
the lifetime horizon model, varying the proportion of patients with hypertension from 0% to 
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100% modified the ICER from $9,802 per QALY to $8,659 per QALY. Varying the proportion 
of participants with hyperlipidemia had a similar effect (ICER from $9,907 to $7,811). If no 
participants had sleep apnea at baseline, the ICER was $10,410 per QALY, which decreased to 
$5,246 if 100% of participants had this disorder. A similar gradient of gradual reduction in the 
ICER was seen after varying the proportion of patients with diabetes at baseline (Table 7). The 
lifetime model indicates that if all participants had diabetes at baseline, bariatric surgery (RYGB) 
would be dominant (greater QALYs with lower costs) over a lifetime horizon. 
 

Table 7: Scenarios of Varying Proportion of Subjects With Diabetes at Baseline 

 ICER($/QALY) by Proportion of Subjects With Type 2 Diabetes at Baseline 
Time horizon 0% 25% 50% 75% 100% 

10 years 24,368 20,108 16,981 14,590 12,701 
20 years 16,590 12,099 8,766 6,195 4,151 
Lifetime 12,863 7,520 3,535 447 RYGB dominant 

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; RYGB = Roux-en-Y gastric banding. 

 
Also considered was a worst case scenario of RYGB effectiveness, where the lower-bound of the 
confidence interval was used for the estimated benefit of surgery on BMI reduction, resolution of 
comorbid conditions, and reduction in mortality. The 10-year, 20-year, and lifetime horizons 
resulted in ICERs of $201,146/QALY, $116,337/QALY, and $80,085/QALY respectively for 
RYGB compared with standard care. 
 
We considered the impact of a higher perioperative mortality risk that may occur in higher-risk 
particpants. If the base-case risk for RYGB was increased to 5% or 10% (to estimate what may 
occur in a high surgical-risk patient cohort), the ICER increased to $12,912 or $23,583 
respectively over a lifetime. 
 
Under the assumption of no improvement in obesity-related comorbid conditions, the ICER 
increased to $14,288/QALY over a lifetime horizon (Appendix 7, Table A-25). Under the 
assumption of no QoL gain with bariatric surgery, RYGB and LAGB are associated with 
dominated or high ICURs (Appendix 7, Table A-26). When the lower plausible range of QoL 
improvement from Hakim et al.’s132 study is used (0.0075 per BMI unit decrement), the lifetime 
ICUR is $16,535 for RYGB compared with standard care. 
 
Probabilistic sensitivity analysis: The results of the Monte Carlo simulation appear in Appendix 
8, Figure A-65. Most of the points fall in the upper right quadrant of the cost-effectiveness plane 
(more costly and more effective than standard care). The cost-effectiveness acceptability curve 
shows that the probability that bariatric surgery would be considered to be cost-effective at 
willingness-to-pay thresholds of $20,000 per QALY and $50,000 per QALY is 91% and 97% 
respectively. The 10-year time horizon resulted in a shifted curve (Appendix 8, Figure A-66). 
 
d) Base case analyses ― comparison between bariatric surgeries 
Over a one-year time frame (using the change in BMI as a measure of effectiveness), BPD was 
associated with the greatest reduction in BMI and the largest costs (Table 8). Base-case analyses 
showed that the use of RYGB was associated with higher costs ($5,659) and greater 
effectiveness (1.56 QALYs) compared with LAGB (Appendix 7, Table A-27). Longer time 
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horizons are not reported for other surgeries given the lack of information on long-term 
outcomes. 
 

Table 8: Cost-Effectiveness (Using Change in BMI) Over One-Year Time Horizon 

Time 
Horizon 

Comparators Cost ($) Incremental 
Cost ($) 

Effectiveness 
(Change in BMI) 

Incremental 
Effectiveness 

ICER 
($/QALY) 

LAGB 17,941  8.70   
Sleeve 22,588 4,647 15.60 6.9 673 
RYGB 26,937 4,349 14.43 −1.17 Dominated 

1 year 

BPD 34,588 12,000 16.72 1.12 10,714 

BMI = body mass index; BPD = biliopancreatic diversion; ICER = incremental cost-effectiveness ratio; LAGB = laparascopic 
adjustable gastric banding; QALY = quality-adjusted life-year; RYGB = Roux-en-Y gastric banding.                                                   
NOTE: Because of rounding, performing calculations may not produce the exact results shown. 
 

e) Sensitivity analysis — comparison between bariatric surgeries 
We performed a one-way sensitivity analysis on all model variables (Appendix 7, Tables A-16, 
A-17, A-19, and A-20) in the base-case comparison of LAGB versus RYGB. A tornado diagram 
(Appendix 8, Figure A-67) using a lifetime horizon indicates the impact of selected variables on 
the results. The model input having the greatest impact on incremental cost-effectiveness was the 
range of the 95% CI in incremental BMI change when RYGB was compared with LAGB (−1.9 
to −9.7). The ICERs range from $10,289/QALY to $2,202/QALY. The results were largely 
unchanged when other model inputs were considered (Appendix 7, Table A-27). The use of 
Nguyen et al.’s47 data for the first four years after surgery (then extrapolating using SOS data) 
led to a more favourable ICER for RYGB of $2,504 per QALY relative to LAGB. The results of 
analyses in which the baseline proportion of participants with comorbid conditions varied appear 
in Appendix 7, Table A-28. The results of the Monte Carlo simulation appear in Appendix 8, 
Figure A-68 with a 95% confidence ellipse. 
 
6.2.3 Discussion  

The results of this economic evaluation comparing bariatric surgery to standard care (lifestyle 
modification) suggest that the treatment of patients with a BMI of 35 kg/m2 or more and 
comorbidity, or a BMI of 40 kg/m2 or more, may be considered attractive in the context of a 
previously stated threshold of cost-effectiveness.143, 144 These results remained robust in the 
sensitivity and scenario analyses, although the attractiveness of the results are influenced by the 
use of data from observational studies because the randomized trials were all short-term and 
focused on BMI, which is a putative surrogate end point for improved survival and quality of 
life. 
 
As expected, we found that increasing the proportion of participants with comorbid conditions 
that may be improved by using the surgical treatment of obesity led to more favourable cost-
effectiveness ratios. Similar to other studies that have examined the cost-effectiveness of 
bariatric surgery for the treatment of obese persons with type 2 diabetes,113, 123 we found that 
bariatric surgery was dominant (more effective and less costly) when a cohort with a high 
proportion of participants with diabetes was considered. 
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While the risk of perioperative mortality with bariatric surgery is reported to be small, the actual 
risk may be higher, particularly in cohorts with a high proportion of comorbid conditions. In our 
model, however, the conclusions were insensitive to variations in the perioperative risk of death. 
 
Quality of life gains are a driver of the favourable ICERs observed, although using a lower 
plausible bound of QoL gain with unit of BMI loss did not alter the conclusions. The mortality 
benefit of bariatric surgery was modelled, but the effect was modest and mitigated by 
perioperative mortality. QoL gains seem to be the driver of effectiveness, as seen in the (likely 
implausible) scenario where no QoL gains were associated with a reduction in BMI. 
 
In scenario analysis where the lower bounds of benefit from bariatric surgery were 
simultaneously incorporated for mortality, quality of life, and amelioration of comorbid 
conditions, the ICERs reached levels that may be less attractive. The use of the extreme bound of 
multiple model inputs at one time may overestimate uncertainty. 
 
The potential demand for bariatric surgery is greater than availability. Jurisdictions that are 
considering whether or not to address this imbalance will choose which patient population to 
prioritize and what surgeries are offered. This may be facilitated through the use of proposed 
triage criteria,145 and perhaps a consideration of relative cost-effectivness. This analysis suggests 
that the greatest benefit and efficiency would be achieved by prioritizing obese patients with 
comorbid conditions who are likely to improve after bariatric surgery (such as those with 
diabetes mellitus). If only this cohort was considered, the strategy may lead to net cost savings 
and health improvements in the long run. 
 
The results of this cost-effectiveness analysis are less clear for the selection of the optimal 
surgical approach. All the procedures that were considered are associated with cost-effectiveness 
ratios that may be attractive compared with standard care. However, given the lack of data 
(especially on sleeve gastrectomy and BPD), uncertainty exists about the relative merits and 
costs. 
 
The use of RYGB is associated with ICURs of less than $11,000 per QALY compared with 
LAGB (greater cost with greater benefit), but this does not account for the potential differences 
in volume and throughput between surgical procedures. Because the use of LAGB is associated 
with a shorter operating room time and shorter length of stay, its use may allow the provision of 
more bariatric procedures for a given level of existing resources. Thus, if increasing the total 
volume of bariatric surgery is the goal, LAGB may be an attractive option with which to 
maximize the number of eligible patients who receive surgery. 
 
Finally, the patient and the surgeon may influence the choice of surgery to be offered. Some 
patients may prefer one type of surgery versus another based on the characteristics of the 
surgery, the perceived or actual risk of short-term complications, and the anticipated degree of 
weight loss. Similarly, individual surgeons may prefer different procedures based on experience. 
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7 VOLUME-OUTCOME REVIEW 

7.1 Methods 

The systematic review was conducted in accordance with guidelines.146, 147 A protocol was 
written a priori and followed throughout the process. The primary objective was to assess the 
association between the volume of bariatric surgical interventions conducted by a surgeon or 
hospital program and the clinical outcomes experienced by adult patients with severe obesity. 
 
7.1.1 Literature search 

The following bibliographic databases were searched: MEDLINE (1950 to February 3, 2009), 
Embase (1980 to February 3, 2009). The searches were not restricted by language or publication 
source. Appendix 1 shows details of the strategies. The search strategies were created by a 
Masters of Library Information Science qualified librarian. Alerts and updated searches were not 
performed. 
 
7.1.2 Selection criteria and method 

a) Selection criteria 
Studies were eligible for inclusion in this systematic review if they met the following criteria: 
 
Study design 
The studies were comparative studies. 
 
Population 
The population included obese adults (16 years or older) undergoing a bariatric surgical 
intervention such as gastric banding, gastroplasty (vertical or horizontal, banded or unbanded), 
gastric bypass (Roux-en-Y, mini-gastric bypass, sleeve RYGB, banded RYGB, JB, BPD with 
duodenal switch), and sleeve gastrectomy. Bariatric procedures such as gastric balloons were 
excluded. 
 
Exposure 
The exposure was the volume of bariatric surgery according to surgeon, clinic, hospital, region, 
or date in time. 
 
Outcomes 
The outcomes included all-cause mortality, control of comorbidities, hospitalization, weight 
change, reoperations, gastrointestinal disturbances, surgical sequelae, and costs. 
 
b)  Selection method 
Each citation or abstract was screened by a clinician (MT) and another reviewer (NW). Any trial 
that was considered to be relevant by one or two reviewers was retrieved. The full text of each 
potentially relevant article was independently assessed by two reviewers (NW, MO) for 
inclusion using the selection criteria and a preprinted form (Appendix 11, Form 3). 
Disagreements were resolved by a third party (MT) through consensus.  
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7.1.3 Data extraction strategy 

One reviewer (NW) extracted data from selected studies, and a second reviewer (MO) checked 
for accuracy. We used a standard data extraction method to record the following properties of 
each study into a database: study characteristics (country, dataset or study design, period, obesity 
and surgery criteria, laparoscopic or open surgeries), population (sample size, age, gender), 
volume measurement (unit of analysis [surgeon, hospital, date], number of units), and outcomes 
(adjusted and unadjusted results). We captured study-level data on the following outcomes: all-
cause mortality, control of comorbidities (asthma, cardiovascular disease, diabetes mellitus, 
hypertension, incontinence, sleep apnea, gastroesophageal reflux disease, dyslipidemia, arthritis, 
mental health), hospitalization (length of stay, readmission, number of visits), change in BMI, 
reoperations (any including revisions of the initial procedure, those indicating failure of a 
specific bariatric surgery [conversion to a different type of bariatric procedure, and reversals], 
reversals alone), gastrointestinal disturbances (dumping, dysphagia, gastritis, reflex, ulcer, and 
vomiting), serious surgical sequelae (anastomotic leak, bowel obstruction, hernia, myocardial 
infarction, respiratory failure, serious bleeding, slippage or dilatation, staple line breakdown, 
stenosis, venous thromboembolic disease, and wound infection), and costs of the index surgery. 
 
7.1.4 Data analysis methods 

Because the identified studies were expected to be clinically and methodologically diverse (for 
example, different types of surgery, different volume expressions), we decided a priori not to 
statistically combine results. If the authors reported adjusted results, we presented the results 
using the same metric as in the source publication (for example, odds ratio [OR] with confidence 
intervals). Unadjusted frequencies of events (for example, mortality, surgical sequelae) are 
presented as risk ratios (RRs), with 95% CIs using the largest volume as the referent category. 
The means and standard errors were reported for continuous data. 
 

7.2 Results 

7.2.1 Quantity of research available 

From 554 citations that were identified in the literature searches, 36 articles were retrieved. A 
total of 19 articles were excluded (Appendix 2, Figure A-2), resulting in 17 articles148-164 that met 
the selection criteria. Disagreements occurred about whether volume was measured as an 
outcome instead of an exposure in two articles (kappa = 0.79). All studies for which there were 
initial disagreements were ultimately included. 
 
7.2.2 Study characteristics 

Of the 17 included articles (Appendix 9, Table A-29), three studies149, 150, 152 considered multiple 
units of analysis (by hospital or surgeon, or across time). In eight,148-152, 156, 162, 164 the primary 
exposure was the number of surgeries performed at each hospital (compared between hospitals). 
Seven studies149, 150, 152, 154, 158, 159, 163 compared the number of surgeries conducted by surgeons 
(between surgeons). Six studies149, 153, 155, 157, 160, 161 compared outcomes over time, evaluating 
whether outcomes improved with increasing experience. In all of these types of exposure, the 
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aim was to evaluate whether the outcomes improved as increasing experience with bariatric 
surgery accrued over time. 
 
a) Hospital volume 
Five studies149, 150, 152, 156, 164 analyzed data from government service registries. Two148, 162 used 
data from the National Inpatient Survey (the periods did not overlap), and one151 used data from 
a university health system consortium. The years of data collection ranged from 1996 to 2003. 
The median year of publication was 2006. Three studies did not define obesity, and five studied 
patients with “morbid obesity.” Seven targeted gastric bypass. One bypass study included 
gastroplasty, and one study included any form of bariatric surgery. Two studies included open 
approaches, three included both approaches, and three did not specify the approaches to surgery 
that were included. The sample size ranged from 4,674 to 51,842 (median 17,703). The mean age 
range of study participants was 40 years to 45 years, and the proportion of females ranged from 
80% to 86%. 
 
b) Surgeon volume 
Four studies149, 150, 152, 163 analyzed data from government service registries. Two154, 159 were 
prospective cohort studies. One study158 used data from a national insurance service registry. The 
years of data collection ranged from 1997 to 2004 (median year of publication 2005). One 
prospective cohort study used the NIH’s definition of obesity. Three did not define obesity, and 
three included patients with “morbid obesity.” Three studies considered a form of gastric bypass, 
one of which also included gastroplasty. Three studies included a form of bariatric surgery, and 
one only included adjustable gastric band surgeries. Two studies used an open approach, two 
studies used a laparoscopic approach, and three did not specify the approach. The sample size 
ranged from 933 to 19,174 (median 4,674). The mean age range of study participants was 42 
years to 48 years, and the proportion of females ranged from 76% to 87%. 
 
c) Across time 
One study149 analyzed data from a government service registry. Three155, 157, 160 were prospective 
cohort studies, and two153, 161 were retrospective cohort studies. The years of data collection 
ranged from 1997 to 2006 (median year of publication 2007). All three prospective cohort 
studies used the NIH’s definition of severe obesity. The registry included participants with 
“morbid obesity.” The retrospective studies reported a definition of severe obesity. Five studies 
considered a form of gastric bypass, one of which also included AGB and VBG-RYGB. One 
study included a form of bariatric surgery. One study used an open approach, three studies used a 
laparoscopic approach, one used both approaches, and one did not specify. The sample size 
ranged from 150 to 19,174 (median 290). The mean age range of study participants was 41 years 
to 48 years, and the proportion of females ranged from 75% to 95%. 
 
7.2.3 Data analysis and synthesis  

a)  Hospital volume 
All-cause mortality 
Five studies148, 149, 152, 156, 162 (106,191 participants) reported all-cause mortality (Appendix 9, 
Table A-30), and three studies reported adjusted models. Two148, 152 of three studies found an 
independent, significant inverse relationship between surgical volume and mortality. The 
study162 with the non-significant finding had fewer than 6,000 participants and did not report the 
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definition of hospital volume. The largest study148 (51,842 participants) reported twice the odds 
of death among hospitals with fewer than 125 cases per year versus hospitals with at least 125 
cases per year (OR 2.22 [95% CI: 1.43; 3.45]). 
 
Four studies149, 152, 156, 162 assessed the unadjusted association between surgical volume and 
mortality: all found a significant inverse relation. One study156 (24,534 participants) found twice 
the risk of death in hospitals that performed 50 to 124 surgeries per year versus hospitals that 
performed at least 125 surgeries per year (RR 2.00). Another study149 (19,174 participants) found 
no significant differences between performing 100 to 199 surgeries over five years versus at least 
500 surgeries over five years (RR 0.61 [95% CI; 0.15 to 2.52]). The confidence intervals in this 
study were wide, however, and did not exclude a clinically relevant difference between the 
volume categories. Overall, adjusted and unadjusted analyses support a clinically relevant 
reduction of mortality in higher volume hospitals. 
 
Hospitalization 
Two studies151, 162 (30,133 participants) compared unadjusted length of stay between higher and 
lower volume hospitals (Appendix 9, Table A-31). All had significant decreased days of stay 
with greater volumes of surgeries. The largest study151 (24,166 participants) found a significantly 
shorter length of stay (difference in means 1.3 days) among facilities that performed more than 
100 cases per year, compared with those performing fewer than 50 cases per year. 
 
Two studies150, 151 (32,034 participants) reported the incidence of readmission (Appendix 9, 
Table A-32). Both found significant increases in readmission among lower-volume facilities. 
The study150 (7,868 participants) that performed statistical adjustment found significantly higher 
odds of readmission in all three categories with 300 or fewer cases versus hospitals with more 
than 300 cases per year (100 cases/year or less OR 1.53 [95% CI; 1.11 to 2.10], 101 cases/year to 
200 cases/year 2.83 [2.14 to 3.74], 201 cases/year to 300 cases/year 2.18 [1.68 to 2.82]). 
 
Surgical sequelae 
Seven studies149-152, 156, 162, 164 (102,615 participants) reported surgical sequelae (Appendix 9, 
Table A-33). Of the seven, five studies performed statistical adjustment for potential 
confounders. Of the five studies, four149, 150, 152, 164 found significantly increased odds or 
increased risk of complications among hospitals with lower volumes. The study162 with the non-
significant finding had fewer than 6,000 participants and did not report the definition of hospital 
volume. The largest study149 (19,174 participants) reported 1.3 times the odds of surgical 
complications among hospitals with 10 to 99 cases over five years versus hospitals with at least 
500 cases over five years (OR 1.3 [95% CI; 1.1 to 1.5]). This study found that hospitals that 
performed 100 to 199 surgeries over five years had fewer sequelae than hospitals performing at 
least 500 surgeries over five year (OR 0.6 [0.4 to 0.7]). Another study150 (7,868 participants) 
explored thresholds (100, 125, 150, and 200) in the number of cases per year. These authors 
suggested that a cut-off of 200 cases per year be used, because hospitals performing fewer than 
200 surgeries had an adjusted risk of complications that was significantly higher than those 
performing more than 200 surgeries (OR 2.20 [1.46 to 3.33]). 
 
All seven studies reported surgical sequelae unadjusted for other factors. All found significant 
increases in the risk of sequelae among smaller volume categories. Overall, adjusted and 
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unadjusted analyses support a clinically relevant reduction in the risk of surgical complications 
among higher volume hospitals. 
 
Cost 
Two studies151, 162 (30,133 participants) reported unadjusted costs from the index surgeries in US 
dollars (Appendix 9, Table A-34). Both found significant decreases in costs, with increases in 
surgical volume. The largest study151 (24,166 participants) found a difference of $3,616 between 
hospitals that performed fewer than 50 surgeries per year versus hospitals that performed more 
than 100 surgeries per year. 
 
b)  Surgeon volume 
All-cause mortality 
Four studies149, 152, 158, 163 (40,936 participants) reported all-cause mortality (Appendix 9, Table 
A-35). Two of these reported adjusted models. Both studies152, 158 found significant increases in 
the adjusted odds or risk of death among smaller volume categories. 
 
All studies compared the unadjusted risk of death across volume categories. All except the 
smallest study163 (933 participants) found significant increases in death among smaller volume 
categories. The largest study149 (19,174 participants) found significant differences for six cases to 
99 cases over five years versus at least 500 cases over five years (RR 2.85 [95% CI; 1.32 to 
6.16]), but not for 100 cases to 199 cases over five years or 200 cases to 499 cases over five 
years. The CIs in this study were wide, however, and did not exclude a clinically relevant 
difference between these volume categories ([0.51; 4.42] and [0.81; 2.95] respectively). Overall, 
adjusted and unadjusted results suggest decreased mortality with increasing surgeon volume, 
although the findings are not as robust as those of facility volume ― perhaps because of reduced 
statistical power. 
 
Hospitalization 
Two studies159, 163 (2,933 participants) compared lengths of stay between lower and higher 
volume surgeons (Appendix 9, Table A-36). The study159 that performed adjusted analyses did 
not find a significant difference in discharge time (23 hours or less versus more than 23 hours) 
between performing, at most, 50 surgeries versus performing, at least, 50 surgeries (RR 1.04 
[95% CI; 0.95 to 1.19]). Both studies reported significantly shorter unadjusted lengths of stay 
between lower and higher volume surgeons. 
 
One study150 (7,868 participants) reported adjusted incidence of readmission (Appendix 9, Table 
A-37). The fewest incidences of readmission occurred in the group with 26 cases to 150 cases 
per year instead of the smallest volume (25 cases/year or less) or largest volume groups (more 
than 150 cases/year). The authors suggest several non–evidence-based possibilities: the case-mix 
was inadequately accounted for in the model, there were greater numbers of revisional surgeries 
at the higher volume centres, or more patients from remote geographic areas were treated at 
higher volume centres. 
 
Excess weight loss 
One study154 (942 participants) reported an incidence of 50% or more excess weight loss 
(Appendix 9, Table A-38). The adjusted and the unadjusted results found significantly greater 
weight loss for the participants with surgeons who had more experience with bariatric surgery. 
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Surgical sequelae 
Five studies149, 150, 152, 154, 163 (33,595 participants) reported surgical sequelae (Appendix 9, Table 
A-39). Of the five, three reported adjusted results. All studies found significant increases in the 
odds of sequelae after operations performed by surgeons in lower volume categories. The largest 
study149 (19,174 participants) found significantly lower odds of sequelae after operations by 
surgeons who had performed at least 500 surgeries versus those who had performed 200 
surgeries to 499 surgeries (OR 1.3 [95% CI; 1.1 to 1.4]). Another study150 (7,868) tried to 
determine the optimal thresholds for the number of cases per year to classify low versus high 
volume surgeons (25, 50, 100, and 150) and found that 100 cases per year or more and not 150 
cases per year or more was optimal (OR 2.39 [1.59; 3.59] for surgeons performing less than 100 
per year compared with those performing 100 per year or more). 
 
All five studies reported surgical sequelae unadjusted for other factors. All except the smallest 
study163 (933 participants) found a significantly increased risk of complications that was 
associated with lower volume categories. 
 
Cost 
One study163 (933 participants) reported unadjusted costs in US dollars (Appendix 9, Table A-
40) and found a non-significantly higher cost of hospital charges when operations were 
performed by surgeons who performed less than two cases per month (versus two cases per 
month or more). 
 
c) Across time 
All-cause mortality 
Three studies149, 153, 157 (24,731 participants) reported all-cause mortality (Appendix 9, Table A-
41). One study149 (19,174 participants) reported a significant increase in the age- and sex-
adjusted odds of death in operations performed in earlier years compared with more recent years 
(OR 1.33 per year decrease [95% CI; 1.09 to 1.64]). Using unadjusted analyses in this study, a 
significant increase in deaths during earlier years was found, perhaps suggesting that mortality is 
highest while surgeons are less familiar with the bariatric procedures. The unadjusted analysis in 
the smaller studies153, 157 (200 and 5,357 participants) did not find that the mortality rates 
decreased over time. 
 
Hospitalization 
Two studies149, 161 (19,324 participants) reported length of stay (Appendix 9, Table A-42). In the 
adjusted analysis,149 a significant increase in the age- and sex-adjusted length of hospital stay 
(expressed as the 90th percentile of stay, instead of mean or median) was found in earlier years 
compared with more recent years (OR 1.33 per year decrease [95% CI; 1.28 to 1.37]). The 
unadjusted result in this same study was similar. The other study161 (150 participants) found a 
non-significant inverse relationship between length of stay and tertiles of experience. 
 
Conversion operations 
Two studies157, 161 (350 participants) compared the unadjusted incidence of conversion operations 
across tertiles or quartiles of experience (Appendix 9, Table A-43). Both were small (less than 
200 participants each) and reported no significant differences between groups. 
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Surgical sequelae 
Six studies149, 155, 157, 160, 161, 164 (27,513 participants) reported surgical sequelae as a function of 
time (Appendix 9, Table A-44). One study149 reported an age- and sex-adjusted model that 
showed a significant increase in sequelae during the earlier years compared with more recent 
years (OR 1.05 per year decrease [95% CI; 1.01 to 1.10]). The two largest studies149, 164 (7,435 
and 19,174 participants) reported the unadjusted risk of surgical sequelae as a function of time 
and reached similar conclusions as those of the adjusted analysis. The results of three155, 157, 160 of 
four small studies (less than 380 participants each) reported no significant differences between 
groups. The small study161 (150 participants) that did find a significant difference found almost 
twice the risk of surgical sequelae in the first tertile of cases compared with the third tertile (RR 
1.77 [1.01 to 3.08]). 
 

7.3 Discussion 

We conducted a review that assessed the association between the volume of bariatric surgical 
interventions performed by a surgeon or in a hospital program and the clinical outcomes of 
bariatric surgery. The results suggest that higher surgical volumes and increasing experience 
with bariatric surgical techniques are associated with better clinical outcomes. This finding 
supports the recommendations of current guidelines, and may suggest that jurisdictions that are 
expanding the capacity to provide bariatric surgery might choose to first expand existing surgery 
programs (perhaps through a centre of excellence model) before opening new programs. 
 
Hospitals or surgeons performing more bariatric procedures per year seemed to have lower 
associated mortality rates compared with those performing fewer procedures; and in-facility 
mortality rates seemed to decline over time as experience in the use of these procedures grew. 
Similar findings were reported for the risk of postoperative complications (including repeat 
hospitalization) and health care costs. Although the average length of stay after bariatric 
procedures seems lower in higher volume facilities (compared with lower volume facilities), no 
association was found between average length of stay and the experience of individual surgeons 
(perhaps because less information on this was available). 
 
Despite our best efforts, we were unable to identify the thresholds for surgical volume (for 
facilities or for individual surgeons) that were associated with better clinical outcomes. Thus, 
although our results would support the consolidation of bariatric surgical services at a facility in 
each region, we cannot specify a minimum desirable annual surgical volume for such facilities. 
 
 

8 HEALTH SERVICES IMPACT  

Bariatric surgery for the treatment of obesity is indicated for participants with a BMI of 40 kg/m2 
or more, or a BMI of 35 kg/m2 or more with obesity-related comorbid conditions. Surgical 
procedures are only considered when all other treatments have failed. Furthermore, not all 
patients who meet these criteria are interested in or willing to undergo bariatric surgery. 
 
The policies and practices relating to the provision of bariatric surgery vary across provinces. A 
2007 Health Technology Inquiry Service document165 reports the results of an environmental 
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scan of surgical treatment options for severe obesity in Canada. Bariatric surgery is performed in 
five of 10 provinces (British Columbia, Alberta, Ontario, Quebec, and New Brunswick). 
Available procedures that are funded by each jurisdiction vary: for example, LABG is partially 
funded in some provinces and not funded in others. Among provinces that do not provide 
bariatric surgery, some provide partial or full funding for patients to receive procedures in other 
jurisdictions. 
 
In provinces that provide bariatric surgery, there are waiting lists to access the procedure. A 
survey of bariatric surgery in Canada reported an average wait time of five years across 11 
Canadian centres.24 Similar waiting times are reported in other provinces. In some 
circumstances, patients may be referred to other jurisdictions or countries (e.g., the US) for the 
operation.138 
 
We estimate the number of persons with obesity meeting the criteria for bariatric procedures. We 
then estimate the number of procedures performed in Canada using Canadian Institute for Health 
Information (CIHI) data (CIHI Discharge Abstract Database — Hospital Morbidity Database). 
Finally, the costs of increasing the volume of surgical procedures to meet various scenarios of 
demand are explored. 
 

8.1 Population Impact 

We estimated the number of adult (18 years or older) Canadians who may be eligible for 
bariatric surgery using the Canadian Community Health Survey cycle 3.1 (Statistics Canada). In 
this survey, the BMI was determined from reported weight and height (which may underestimate 
the true BMI). It is estimated that approximately 60% of persons with a BMI of 35 kg/m2 or 
more have concomitant comorbid conditions leading to eligibility.23, 166 Weighting data that are 
provided in the CCHS allowed an estimation of the number of persons who are potentially 
eligible for bariatric treatment nationally and by province. It is uncertain what fraction of these 
participants would have sought specialized bariatric treatment, would have had medical 
treatment that failed, would seek bariatric surgery, and would agree to undergo the procedure. 
We considered estimates from US167 and Canadian reports138 suggesting that 1% to 2% of 
participants who meet the conventional criteria for surgery (a BMI of 40 kg/m2 or more, or a 
BMI of 35 kg/m2 or more with obesity-related comorbid condition) actually seek surgical 
therapy. We also considered a higher proportion (5%). The results appear in Appendix 10, Table 
A-45, indicating that 7,118 to 35,588 Canadians may seek bariatric surgery. 
 

8.2 Trends and Provision of Bariatric Surgery 

We obtained data from the CIHI to estimate the volume of bariatric surgeries that are performed 
in or funded by the provinces from 1998 to 2007. Bariatric procedures that are defined according 
to procedure codes (with correction for coding deviation by some provinces through the 
identification of International Classification of Diseases codes) appear in the Discharge Abstract 
Database. For more information about the methods, see Appendix 10, Box 1. The volume and 
trends in volume appear in Appendix 10, Tables A-46 an A-47. A significant proportion of 
bariatric surgery is provided out-of-country and is excluded from CIHI data. For example, data 
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from Ontario168 indicate that in 2007, approximately 900 surgeries were performed out-of-
province, with approximately 400 in Ontario. 
 
We estimated the volume of bariatric surgical procedures that would be performed to treat 1%, 
2%, and 5% of the potentially eligible population in Canada. We assumed that these patients 
would undergo surgery in the next five or 10 years (not accounting for subsequent additional 
incident patients who meet the criteria for surgery over time), and estimated current surgical 
volume over the same time using CIHI data on the number of bariatric procedures performed 
from 2003 to 2007. Using a five-year time horizon, the shortfall between demand and supply for 
bariatric surgery ranges between 3,000 persons and 432,000 persons. If all eligible participants 
are treated during a 10-year horizon, the shortfall over this time is estimated to be between 1,000 
procedures and 29,000 procedures, assuming there would be no new entrants to this pool of 
eligible patients (Appendix 10, Table A-48). 
 

8.3 Costs of Increased Provision of Bariatric Surgery 

The costs of providing additional bariatric surgery over the next five or 10 years to account for 
the potential shortfall (based on 1%, 2%, or 5% of the eligible population) were estimated using 
the costs for performing RYGB or LAGB. Surgical costs included preoperative costs, surgical 
costs, hospitalization costs, and follow-up costs, and excluded the costs of treating comorbid 
conditions. The estimated costs of these additional surgeries (Appendix 10, Table A-49) range 
from $1.5 million per year to $140 million per year (the annual costs are determined by dividing 
by five years or 10 years, depending on the time frame). 
 
It is unclear to what extent additional capacity would be needed to accommodate additional 
surgical procedures. Additional infrastructure costs are considered, although it is difficult to 
obtain precise values. It is estimated that the construction of a new operating suite would cost 
approximately $500,000 and an additional $200,000 to equip, and that a fully dedicated 
operating room could conduct 960 surgeries annually (Source: Allergan Canada Inc., 2009, April 
1). Finally, these costs exclude the costs of training specialized personnel including nurses, 
surgeons, and anaesthetists who are trained in bariatric surgery; appropriate program support 
(including dieticians, psychologists, and medical care); and hospital capacity for convalescence. 

 

8.4 Efficiency Versus Equity 

Trade-offs between efficiency (cost-effectiveness) and equity (fairness) occur when resource 
allocation decisions limit the use of potentially beneficial therapies. The use of resources to treat 
chronic obesity may limit the use of resources for prevention. Although medical treatments of 
obesity are disappointing in effectiveness,169 other potential strategies for prevention such as 
education, activity, and dietary intervention may prove otherwise. Many of these strategies, such 
as urban planning, fall outside the traditional scope of health care programs. The examination of 
prevention versus treatment of obesity, including effectiveness, costs, and cost-effectiveness, is 
beyond the scope of this systematic review, although it is a consideration because of finite 
resources. 
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Surgery for obesity is disproportionately used by females with no baseline medical conditions. It 
is unclear why more males are not undergoing these procedures, although females may be using 
this procedure because of a greater awareness of health or body image. While quality of life 
gains would be expected, the disproportionate treatment of otherwise healthy females may be 
less efficient given that there are more favourable cost-effectiveness ratios in cohorts with a 
greater proportion of obesity-related comorbid conditions. The exploration of the basis for sex-
related differences in use (and assessments of outcome by gender) for those with or without 
obesity-related comorbid conditions is a priority. 
 
In addition, research on priority setting suggests that society is less willing to use resources for 
conditions that are thought to be self-induced.170 Labelling obesity as a self-induced disease is 
controversial. This idea may be advanced by some, but it runs counter to the provision of health 
care in Canada, which is routinely provided to persons with self-induced conditions (including 
trauma, alcohol, or smoking-induced disease). 
 
 

9 DISCUSSION 

9.1 Study Limitations 

9.1.1 Clinical review 

This is the most up-to-date comprehensive systematic review of the clinical implications of 
bariatric surgery for the treatment of obesity in adults. Our results and the strength of our 
conclusions, however, are limited by the evidence. The quality of the trials was poor, and this 
may have increased the risk of bias. Although the nature of obesity mandates a long-term horizon 
for evaluating the costs and consequences, most trials were short-term (median follow-up for 
head-to-head comparisons, 24 months). Although the trials that we included used different 
definitions of outcomes and complications of bariatric surgery, most trials reported outcomes 
that can be objectively assessed (all-cause mortality, change in BMI), and the impact of surgery 
on BMI was assessed at one year postoperatively in most trials. 
 
The techniques that are used in bariatric surgery have evolved. There has been a recent shift in 
favor of laparoscopic (compared with open) procedures. Given the lack of direct comparisons 
between surgical techniques, we used state of the art, rigorous methods for mixed-treatment 
comparisons to estimate the relative effectiveness of each procedure compared with others. The 
results of mixed-treatment comparisons were similar to those for which direct comparisons were 
available and statistically coherent for a change in BMI from baseline to two years after surgery. 
Because mixed-treatment comparisons are less reliable than direct comparisons,171 there is 
uncertainty about the strength of these conclusions. We found statistical evidence of incoherence 
between the results of direct and indirect comparisons for the effects of bariatric surgery on a 
change in BMI from baseline to three or more years after surgery. The results from direct and 
indirect analyses, however, showed a clinically meaningful benefit from surgery. Therefore, the 
results of the indirect and direct comparisons seem to be internally consistent. 
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In general, the populations studied in clinical trials were similar to those in whom bariatric 
surgery would be recommended based on current guidelines. There may be clinical populations 
who are especially likely to benefit from bariatric surgery. We were unable to identify such 
populations despite our best efforts. In the economic analysis, we did explore how the 
attractiveness of bariatric surgery might vary in different clinical populations, assuming that the 
effectiveness of this intervention for BMI reduction is homogeneous across patient populations. 
In addition, the definition of “standard care” that was used varied across studies and thus we are 
not able to comment on which adjuvant (non-surgical) techniques are most beneficial for people 
with severe obesity with or without bariatric surgery. 
 
Although meta-analyses are a potentially valuable means of summarizing the literature, the 
reliability of the results is linked to the quality of the studies that are used to produce the pooled 
estimates. For this reason, we reduced the potential bias by following recommendations for the 
conduct of systematic reviews: developing a review protocol a priori, using a defined and 
comprehensive literature search strategy, performing quality assessment and data extraction with 
two reviewers, and using rigorous statistical methods. 
 
9.1.2 Economic analysis 

The strength of our conclusions is limited by the available evidence and the need to model all 
relevant clinical and economic consequences (requiring a lifetime horizon). Although we used 
rigorous methods and based our analysis on data from a state-of-the-art systematic review, there 
is a lack of long-term evidence from randomized controlled trials on health outcomes such as 
mortality, quality of life, and the resolution or reoccurrence of obesity-related comorbid 
conditions after surgery. We incorporated data from the SOS, a rigorous long-term observational 
study, and a meta-analysis of observational studies.17, 141 We did not perform a systematic search 
for other observational studies because the inclusion of lower quality observational evidence172-

176 would not have facilitated reliable estimates of incremental effectiveness.177 
 
Our model incorporated the long-term impact of bariatric surgery on mortality, quality of life, 
and the costs that are associated with obesity-related comorbid conditions of diabetes mellitus, 
hyperlipidemia, hypertension, and sleep apnea. Although not examined in the randomized trials 
that were identified in the systematic review, we assumed that a reduction in BMI would lead to 
improvements in these comorbid conditions, because of the impact on BMI reduction and the 
impact on the related comorbidity condition. This assumption is supported by the findings in an 
RCT comparing outcomes in diabetic participants with a lower degree of obesity, where bariatric 
surgery led to reductions in diabetes compared with the control group.133 Furthermore in a 
sensitivity analysis under the assumption of no resolution of comorbid conditions, the ICER did 
increase, and the conclusions were unchanged. 
 
The quality of life estimates were determined using time trade-off methods in an obese patient 
cohort that was being treated with medical therapy for obesity.132 No prospective randomized 
trials include a utility-based outcome. However, a focused literature search found a large 
prospective study that was conducted in Europe,178 which used the EQ-5D in 893 participants 
undergoing a mix of bariatric procedures, mainly gastric bypass (48.2%) and gastric banding 
(29.8%). In this cross-sectional study, the mean EQ-5D score in preoperative participants was 
0.754. In postoperative participants (median 12 months after surgery), it was 0.869 (a difference 
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of 0.115). In our base-case model, the one-year difference between surgery and no surgery 
(accounting for a similar mix of RYGB and LAGB) was 0.04 in the first year (lower because of 
QoL decreases due to surgery) and 0.12 in the second year. Using the lower-bound QoL gain in a 
sensitivity analysis resulted in incremental QoL differences of 0.05 at two years, suggesting that 
this lower bound may underestimate the QoL benefits. More studies using utility-based quality of 
life measures are needed because the long-term absolute and incremental QoL estimates for 
cohorts receiving alternative treatment are unknown. 
 
We compared bariatric surgery to conservative standard care, which seems to be the most 
relevant comparator given that it is the strategy that is used the most often to manage obesity in 
Canada. The use of an emerging medical treatment179 or more intensive variations of standard 
care as the comparator might have affected our results. The former, however, is not yet widely 
available or clinically proven, and the evaluation of the latter in a sensitivity analysis did not 
change our conclusions. While we incorporated a standard of care for the medically treated 
cohort, the true standard of care in many jurisdications may be less intensive. Finally, we 
considered patients who had been selected for bariatric surgery (thus eligible for research 
studies), and the effectiveness and cost-effectiveness of surgery may differ in unselected patient 
populations. 
 
Our model incorporated the impact of bariatric surgery on four comorbid conditions, but it 
excluded the potential impact of surgery on other comorbid conditions such as osteoarthritis and 
cancer, which may also have a significant impact on costs and quality of life. Furthermore, 
because of lack of evidence, we excluded downstream comorbid conditions such as myocardial 
infarction, congestive heart failure, or other cardiovascular complications. Therefore, if BMI 
reduction that is achieved through bariatric surgery leads to clinically relevant reductions in these 
outcomes, our model may underestimate the true benefits and cost savings of surgical treatment. 
If the benefits of bariatric surgery on these outcomes are included in the mortality and QoL 
estimates that we obtained from observational studies, however, the degree of underestimation 
may be minimal. 
 
We adopted the perspective of a health care payer ― which may have led to an underestimation 
of bariatric surgery’s economic attractiveness, if the reduction in BMI also increases productivity 
in the workplace or reduces the patient’s costs of illness and disability. 
 
More uncertainty exists about the relative benefits of different types of bariatric surgical 
procedures. We used the best available evidence, but there is less evidence on the relative 
benefits of each surgery over longer time horizons (compared with the overall comparison of all 
bariatric surgery with standard care). This applies to sleeve gastrectomy, where efficacy was 
based on an RCT with 32 patients. 
 
Despite these limitations, our results are similar to those of a Health Technology Assessment that 
was done by the National Institute for Clinical Excellence.113 They reported cost-effectiveness 
ratios for bariatric surgery compared with standard care of a similar magnitude to that of the 
results here. These ratios were also robust in a variety of scenarios. They also concluded that it 
was difficult to ascertain the differences between surgical approaches. 
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9.1.3 Volume-outcome review 

The limitations of this review include the lack of uniform categories for surgeon or facility 
volume and the fact that not all studies adjusted for potentially relevant confounders. In addition, 
because centres that perform higher volumes of bariatric surgery may tend to have more 
extensive experience with such operations, it is difficult to conclude that the performance of 
more operations per year (as opposed to greater cumulative experience) is responsible for our 
findings. These limitations do not threaten the qualitative conclusion of our analysis (i. e., that 
increasing experience in a facility or of a surgeon is associated with better clinical outcomes 
among adults undergoing bariatric surgery for obesity). 
 

9.2 Health Services Impact 

The provision of bariatric surgery lags behind demand, as seen in the wait lists for bariatric 
surgery in Canada. It is estimated that the number of eligible patients who may seek bariatric 
surgery is between 6,000 and 34,000 (and may be higher), and that 1,100 to 1,200 procedures are 
performed annually. The cost of providing this surgery ranges between $49 million and $700 
million. 
 
These estimates are limited by a lack of information on private bariatric surgeries. Some 
provinces pay for out-of-country procedures, and individual patients may seek these operations 
in other countries (surgical tourism), but the effectiveness and complication rates are unclear. It 
is also unclear to what extent additional capacity and infrastructure would be needed. Many 
hospitals and health regions minimize or reduce operating room time to meet short-term budget 
targets. As a result, the infrastructure may not be used at capacity, and if bariatric surgery 
provision is to be increased, this could be considered first. 
 
The cost estimates exclude the downstream costs that are avoided because of an amelioration of 
obesity-related comorbid conditions. In the economic evaluation, there are some patient cohorts, 
specifically those with diabetes, for whom treatment with bariatric surgery may lead to net health 
care savings over a long time horizon. 
 
Better outcomes are typically achieved in higher volume surgical centres. If capacity is to be 
increased, it may be reasonable to create centres of excellence for bariatric surgery that may 
serve a larger region. Alternative models, however, may include a higher volume that is provided 
outside centres of excellence for less complex patients. Furthermore, pre- and post-surgical 
management could be dispersed in centres with adequate health care professional training. 
 
The use of RYGB is associated with more weight loss and a more attractive incremental cost-
effectiveness ratio compared with LAGB, but it typically takes longer to perform the surgery. 
Thus, in an operating room it may be possible to conduct a larger number of laparoscopic AGB 
procedures compared with RYGB. The economic evaluation does not integrate the impact on 
throughput between the procedures. This may be a consideration given the shortfall in provision. 
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9.3 Knowledge Gaps 

Despite the large quantity of evidence, much remains to be learned about the optimal use of 
bariatric surgery for the management of obesity. More studies are needed to compare the clinical 
benefits of surgical procedures on clinically relevant outcomes over long follow-up periods — 
especially for newer procedures such as sleeve gastrectomy. Studies that examine the relative 
benefit of bariatric surgery in different populations (for example, those with obesity-related 
comorbidities, older or younger patients) and the impact of more versus less selective approaches 
for patient selection could be a priority. Although we found evidence that centres and surgeons 
performing more bariatric surgery may have better clinical outcomes, data are insufficient to 
recommend benchmarks (for example, the minimum number for annual bariatric surgeries that a 
given centre or surgeon could perform). More studies are needed.  
 
The imbalance between demand and supply for bariatric surgery raises considerations for future 
studies. First, data are needed on the economic, clinical, and psychosocial ramifications of 
extended waiting times for surgery. Second, given anecdotal evidence that some Canadians have 
bariatric surgery performed in foreign jurisdictions to reduce waiting times, more information is 
needed about the costs and consequences of this practice for the Canadian health care system — 
especially compared with the costs of building additional capacity to perform these surgeries in 
Canada. Third, the data are limited to assess how best to equitably and effectively allocate 
bariatric surgery as a limited resource. Given the results of our cost-effectiveness analysis, one 
might restrict the use of bariatric surgery to patients with diabetes until additional surgical 
capacity becomes available. More studies are needed to evaluate the relative benefits of bariatric 
surgery in different populations before a recommendation is made to address this knowledge gap. 
Finally, the clinical benefits of bariatric surgery (and the lack of alternative therapeutic options) 
may lead to questions about the ethics of randomizing participants to receive a non-bariatric 
surgery intervention. The long waiting lists for bariatric surgery may mitigate this concern, 
because the existence of waiting lists may provide ethical justification for randomized trials that 
compare participants on the waiting list with those who have already undergone surgery (as in 
the trials of other therapies for which demand exceeds supply).180 
 
 

10 CONCLUSIONS 

Although data from large, adequately powered, long-term RCTs are lacking, bariatric surgery 
seems to be more effective than standard care (i.e., lifestyle modification: diet and exercise 
medical counselling) for the treatment of severe obesity in adults. Procedures that are mainly 
diversionary (JB, BPD) result in the greatest amounts of weight loss, hybrid procedures (RYGB) 
are of intermediate effectiveness, and restrictive procedures (VBG, HBG, AGB) result in the 
least amounts of weight loss. The use of JB, however, was associated with a higher risk of 
reoperation compared with RYGB. AGB was associated with a higher risk of slippage or dilation 
and procedure reversals/conversions, and a lower risk of stenosis, ulceration, and herniation 
compared with RYGB. Although future studies might change this conclusion, we did not find 
evidence that laparoscopic procedures and open procedures differed in weight loss and 
comorbidity improvements, although QoL may be better (and length-of-stay shorter) after 
laparoscopic procedures. 
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We also found that higher bariatric surgical volumes (and increasing experience with bariatric 
surgical techniques) performed by a surgeon or hospital program were associated with better 
clinical outcomes. We were unable to identify, however, the thresholds for surgical volume (for 
facilities or for individual surgeons) that were associated with better clinical outcomes. 
 
The economic evaluation comparing bariatric surgery to lifestyle modification (standard care) 
suggests that the treatment of patients with a BMI of 35 kg/m2 or more with obesity-related 
comorbidity or a BMI of 40 kg/m2 or more may be attractive in the context of the threshold of 
cost-effectiveness. These results seemed to be mainly driven by gains in quality of life and 
remained robust in the sensitivity and scenario analysis. The estimated cost-effectiveness ratios 
tended to decrease with greater levels of comorbidity in the population studied. For example, 
bariatric surgery was dominant (more effective and less costly) among obese people with 
concomitant diabetes mellitus. While all types of bariatric surgery that we considered were 
associated with cost-effectiveness ratios that may be attractive when compared with standard 
care, there were fewer data (and thus more uncertainty) on the relative merits and costs of the 
procedures — especially because the preferences of the patient and surgeon may influence the 
choice of surgery to be offered.  
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APPENDIX 1: LITERATURE SEARCH STRATEGIES 
 

SYNTAX GUIDE  

/ At the end of a phrase, searches the phrase as a subject heading 

MeSH Medical Subject Heading 

exp Explode a subject heading 

$ Before a word, indicates that the marked subject heading is a primary topic;  
or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

ADJ Requires words are adjacent to each other (in any order) 

ADJ# Adjacency within # number of words (in any order) 

.ti Title 

.ab Abstract 

.pt Publication type 

.tw Textword 

.mp Mapped word 

 
Clinical search strategies 
 
Database 
and 
Platform 

Search Strategies Date 

MEDLINE 
(OVID) 
 

1 exp abdominal fat/ 1265  
2 (abdominal adj3 (fat or adipos$)).tw. 4135  
3 adipos$.tw. 37038  
4 Anastomosis, Roux-en-Y/ 2111  
5 exp Body Fat Distribution/ 1533  
6 ((Fat or fatty or adipos$) adj3 Distribution).tw. 4776  
7 body fat patterning.tw. 31  
8 Body mass index/ 42052  
9 (body mass ind$ or body ban mass).tw. 49750  
10 BMI.tw. 31842  
11 Obese.tw. 42334  
12 Obesity/ 80177  
13 obesit$.tw. 69747  
14 Overweight/ 2752  
15 (overweight or over weight).tw. 17198  
16 Obesity, morbid/ 6146  
17 quetelet$ ind$.tw. 680  
18 ((skinfold or skin fold or skin) and (thickness or measurement)).tw. 
16703  
19 Skinfold Thickness/ 4797  
20 Waist-Hip Ratio/ 1428  
21 (waist hip ratio$ or hip waist ratio$).tw. 1652  
22 or/1-21 214646  
23 ballobes balloon$.tw. 2  
24 banded gastroplast$.tw. 541  
25 Bariatric surgery/ 1061  
26 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 2489  
27 Biliopancreatic bypass$.tw. 48  
28 Biliopancreatic diversion/ 517  
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Database 
and 
Platform 

Search Strategies Date 

29 Biliopancreatic diversion$.tw. 365  
30 Duodenal Switch$.tw. 210  
31 Garren-Edwards Gastric Bubble.tw. 15  
32 gegb.tw. 5  
33 Gastrectomy/ 21331  
34 Gastrectom$.tw. 12719  
35 Gastric balloon/ 195  
36 (gastric adj5 balloon$).tw. 312  
37 gastric band$.tw. 1239  
38 LAGB.tw. 288  
39 (Swedish adj3 band*).tw. 83  
40 Lapband$.tw. 18  
41 Lap-band$.tw. 177  
42 Intragastric band$.tw. 13  
43 Laparoscopic adjustable band.tw. 6  
44 Gastric belt$.tw. 0  
45 Gastric bubble$.tw. 40  
46 Gastric bypass/ 2636  
47 gastric bypass$.tw. 2654  
48 long limb bypass$.tw. 3  
49 gastric exclusion$.tw. 28  
50 gastric partition$.tw. 105  
51 Gastric Resection$.tw. 3043  
52 gastric surg$.tw. 1518  
53 Gastrogastrostomy.tw. 21  
54 Gastroenterostomy/ 2563  
55 Gastroenterostom*.tw. 629  
56 Gastro-ileal bypass$.tw. 0  
57 (Gastro-ileal surg$ or Gastro-ileal operation$).tw. 0  
58 (Gastroileal bypass$ or Gastroileal surg$ or Gastroileal operation$).tw. 
1  
59 Gastrojejunal Anastomosis.tw. 145  
60 Gastrojejunostom$.tw. 1233  
61 Gastrojejunum Anastomosis.tw. 1  
62 Gastrojejunal Fixation$.tw. 0  
63 Gastroplasty/ 2192  
64 Gastroplast$.tw. 1299  
65 Gastroresection$.tw. 24  
66 Hemigastrectomy.tw. 112  
67 ileojejunal bypass$.tw. 14  
68 Ileum Bypass$.tw. 6  
69 Intestin$ bypass$.tw. 459  
70 Intragastric balloon$.tw. 177  
71 Jejunogastric Anastomosis.tw. 2  
72 Jejunoileac Bypass$.tw. 0  
73 Jejunoileal bypass/ 501  
74 Jejunoileal bypass$.tw. 738  
75 jejuno-ileal bypass$.tw. 187  
76 (Jejunoileal Shunt$ or Jejuno-ileal Shunt$).tw. 70  
77 Malabsorptive bypass$.tw. 1  
78 (Malabsorptive surg$ or Malabsorptive operation$).tw. 22  
79 (obes$ surg$ or obes$ operation$).tw. 421  
80 Pancreatobiliary Bypass$.tw. 0  
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and 
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Search Strategies Date 

81 Restrictive bypass$.tw. 2  
82 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or anastomos$ or 
gastric bypass$ or diversion$)).tw. 2396  
83 RYGBP.tw. 287  
84 Stomach band$.tw. 1  
85 Stomach bypass$.tw. 13  
86 Stomach Extirpat$.tw. 2  
87 Stomach Resection$.tw. 567  
88 Stomach Transection$.tw. 4  
89 Stomach stapling.tw. 5  
90 Vertical band$.tw. 583  
91 or/23-90 39419  
92 exp Obesity, Morbid/su [Surgery] 3862  
93 and/22,91 8204  
94 or/92-93 8469  
95 randomized controlled trial.pt. 261036  
96 controlled clinical trial.pt. 77826  
97 meta analysis.pt. 19624  
98 exp Randomized Controlled Trials/ 57210  
99 exp Random Allocation/ 62453  
100 exp Double-Blind Method/ 98197  
101 exp Single-Blind Method/ 12335  
102 exp Meta-Analysis/ 19624  
103 (metaanalysis or meta-analysis).tw. 18958  
104 ((singl$ or doubl$ or tripl$ or trebl$) adj2 (blind$ or mask$)).ti,ab. 
95556  
105 random$.ti,ab. 423350  
106 (systematic adj2 (review$ or overview$)).ti,ab. 16943  
107 Medline.ab. 26306  
108 clinical trial.pt. 445405  
109 exp Clinical Trial/ 553061  
110 (clin$ adj2 trial$).ti,ab. 127254  
111 exp Placebos/ 27289  
112 placebo$.ti,ab. 111962  
113 exp Research Design/ 243654  
114 or/95-113 1024606  
115 exp animals/ 13763865  
116 exp animal experimentation/ 3866  
117 exp models animal/ 295951  
118 exp vertebrate/ 13344053  
119 or/115-118 13771114  
120 exp humans/ 10444338  
121 119 not 120 3326776  
122 114 not 121 940371  
123 94 and 122 1032 
 

EMBASE 
(OVID) 
 

1 Randomized Controlled Trial/ 165071  
2 exp Randomization/ 26467  
3 Double Blind Procedure/ 71178  
4 Single Blind Procedure/ 7923  
5 or/1-4 207410  
6 Clinical Trial/ 528455  
7 (clin$ adj25 trial$).mp. 604884  

February 3, 2009 
1980 – 2009 Week 5 
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8 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).mp. 
118726  
9 exp Placebo/ 122540  
10 (placebo$ or random$).mp. 524524  
11 or/6-10 877925  
12 5 or 11 877925  
13 exp animals/ 18266  
14 exp animal experimentation/ 1277321  
15 exp models animal/ 484741  
16 nonhuman/ 3175046  
17 exp vertebrate/ 8354259  
18 or/13-17 9358623  
19 exp humans/ 6438975  
20 18 not 19 2919648  
21 12 not 20 810795  
22 exp abdominal fat/ 1193  
23 (abdominal adj3 (fat or adipos$)).tw. 3380  
24 Abdominal obesity/ 835  
25 adipos$.tw. 30249  
26 Body Fat Distribution/ 1108  
27 ((Fat or fatty or adipos$) adj3 Distribution).tw. 4118  
28 body fat patterning.tw. 28  
29 Body mass/ 63149  
30 (body mass ind$ or BMI or body ban mass).tw. 58425  
31 (obese or obesit$).tw. 78705  
32 Obesity/ 85968  
33 (overweight or over weight).tw. 15181  
34 Morbid obesity/ 4336  
35 quetelet$ ind$.tw. 585  
36 ((skinfold or skin fold or skin) and (thickness or measurement)).tw. 
15247  
37 Skinfold Thickness/ 3672  
38 Waist-Hip Ratio/ 1437  
39 (waist hip ratio$ or hip waist ratio$).tw. 1492  
40 or/22-39 193757  
41 ballobes balloon.tw. 1  
42 banded gastroplast$.tw. 576  
43 Bariatric surgery/ 3155  
44 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 2628  
45 biliopancreatic bypass/ 653  
46 biliopancreatic diversion$.tw. 391  
47 Duodenal Switch$.tw. 220  
48 (Garren-Edwards Gastric Bubble or gegb).tw. 14  
49 exp Gastrectomy/ 10888  
50 Gastrectom$.tw. 7395  
51 (gastric adj5 balloon$).tw. 278  
52 gastric banding/ 1669  
53 gastric band$.tw. 1239  
54 LAGB.tw. 292  
55 (Swedish adj3 band*).tw. 91  
56 Lapband$.tw. 17  
57 Lap-band$.tw. 170  
58 Intragastric band$.tw. 13  
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59 Laparoscopic adjustable band.tw. 3  
60 Gastric belt$.tw. 0  
61 Gastric bubble$.tw. 31  
62 Gastric bypass$.tw. 2591  
63 Long limb bypass$.tw. 3  
64 Gastric exclusion$.tw. 17  
65 Gastric partition$.tw. 99  
66 Gastric Resection$.tw. 1247  
67 Gastric surg$.tw. 958  
68 Gastrogastrostomy.tw. 23  
69 Gastroenterostomy/ 385  
70 Gastroenterostom*.tw. 297  
71 Gastroileal bypass$.tw. 1  
72 (Gastroileal surg$ or Gastroileal operation$).tw. 0  
73 (Gastroileal bypass$ or Gastroileal surg$ or Gastroileal operation$).tw. 
1  
74 Gastrojejunal Anastomosis.tw. 101  
75 Gastrojejunal Fixation.tw. 0  
76 Gastrojejunostomy/ 1370  
77 Gastrojejunostom$.tw. 960  
78 Gastrojejunum Anastomosis.tw. 1  
79 Gastroplasty/ 1616  
80 gastroplast$.tw. 1221  
81 Gastroresection$.tw. 20  
82 Hemigastrectom$.tw. 57  
83 ileojejunal bypass$.tw. 7  
84 Ileum Bypass/ 176  
85 ileum bypass$.tw. 3  
86 intestine bypass/ 465  
87 intestin$ bypass$.tw. 263  
88 Intragastric balloon$.tw. 175  
89 Jejunogastric Anastomosis.tw. 2  
90 Jejunoileac Bypass$.tw. 0  
91 jejunoileal bypass/ 304  
92 jejunoileal bypass$.tw. 480  
93 jejuno-ileal bypass$.tw. 110  
94 (Jejunoileal Shunt$ or jejuno-ileal shunt$).tw. 17  
95 Malabsorptive bypass$.tw. 1  
96 (Malabsorptive surg$ or Malabsorptive operation$).tw. 26  
97 (Obes$ surg$ or obes$ operation$).tw. 383  
98 Pancreatobiliary Bypass$.tw. 0  
99 Restrictive bypass$.tw. 1  
100 Roux y Anastomosis/ 2679  
101 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or anastomos$ or 
gastric bypass$ or diversion$)).tw. 2161  
102 RYGBP.tw. 285  
103 Stomach band$.tw. 0  
104 Stomach bypass/ 2960  
105 stomach bypass$.tw. 4  
106 Stomach Extirpat$.tw. 1  
107 Stomach Resection$.tw. 79  
108 Stomach Transection$.tw. 3  
109 Stomach stapling.tw. 2  
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110 Vertical band$.tw. 606  
111 or/41-110 24587  
112 and/40,111 7281  
113 exp Obesity, Morbid/su [Surgery] 2679  
114 or/112-113 7429  
115 and/21,114 1029 
 

Cochrane 
Central 
Register of 
Controlled 
Trials (OVID) 
 

1 exp abdominal fat/ 61  
2 (abdominal adj3 (fat or adipos$)).tw. 301  
3 adipos$.tw. 774  
4 Anastomosis, Roux-en-Y/ 75  
5 exp Body Fat Distribution/ 72  
6 ((Fat or fatty or adipos$) adj3 Distribution).tw. 250  
7 body fat patterning.tw. 0  
8 Body mass index/ 2940  
9 (body mass ind$ or body ban mass).tw. 4361  
10 BMI.tw. 2652  
11 Obese.tw. 3477  
12 Obesity/ 3582  
13 obesit$.tw. 2619  
14 Overweight/ 219  
15 (overweight or over weight).tw. 1566  
16 Obesity, morbid/ 234  
17 quetelet$ ind$.tw. 27  
18 ((skinfold or skin fold or skin) and (thickness or measurement)).tw. 
1128  
19 Skinfold Thickness/ 228  
20 Waist-Hip Ratio/ 89  
21 (waist hip ratio$ or hip waist ratio$).tw. 282  
22 or/1-21 12566  
23 ballobes balloon$.tw. 1  
24 banded gastroplast$.tw. 33  
25 Bariatric surgery/ 16  
26 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 55  
27 Biliopancreatic bypass$.tw. 0  
28 Biliopancreatic diversion/ 8  
29 Biliopancreatic diversion$.tw. 9  
30 Duodenal Switch$.tw. 3  
31 Garren-Edwards Gastric Bubble.tw. 3  
32 gegb.tw. 1  
33 Gastrectomy/ 474  
34 Gastrectom$.tw. 496  
35 Gastric balloon/ 18  
36 (gastric adj5 balloon$).tw. 37  
37 gastric band$.tw. 63  
38 LAGB.tw. 10  
39 (Swedish adj3 band*).tw. 6  
40 Lapband$.tw. 3  
41 Lap-band$.tw. 14  
42 Intragastric band$.tw. 0  
43 Laparoscopic adjustable band.tw. 0  
44 Gastric belt$.tw. 0  
45 Gastric bubble$.tw. 7  

February 3, 2009 
4th Quarter 2008 
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46 Gastric bypass/ 94  
47 gastric bypass$.tw. 131  
48 Long limb bypass$.tw. 0  
49 gastric exclusion$.tw. 3  
50 gastric partition$.tw. 8  
51 Gastric Resection$.tw. 69  
52 gastric surg$.tw. 94  
53 Gastrogastrostomy.tw. 6  
54 Gastroenterostomy/ 31  
55 Gastroenterostom*.tw. 14  
56 Gastro-ileal bypass$.tw. 0  
57 (Gastro-ileal surg$ or Gastro-ileal operation$).tw. 0  
58 (Gastroileal bypass$ or Gastroileal surg$ or Gastroileal operation$).tw. 
0  
59 Gastrojejunal Anastomosis.tw. 1  
60 Gastrojejunostom$.tw. 42  
61 Gastrojejunum Anastomosis.tw. 0  
62 Gastrojejunal Fixation$.tw. 0  
63 Gastroplasty/ 90  
64 Gastroplast$.tw. 81  
65 Gastroresection$.tw. 1  
66 Hemigastrectomy.tw. 2  
67 ileojejunal bypass$.tw. 0  
68 Ileum Bypass$.tw. 1  
69 Intestin$ bypass$.tw. 8  
70 Intragastric balloon$.tw. 20  
71 Jejunogastric Anastomosis.tw. 0  
72 Jejunoileac Bypass$.tw. 0  
73 Jejunoileal bypass/ 20  
74 Jejunoileal bypass$.tw. 38  
75 jejuno-ileal bypass$.tw. 4  
76 (Jejunoileal Shunt$ or Jejuno-ileal Shunt$).tw. 2  
77 Malabsorptive bypass$.tw. 0  
78 (Malabsorptive surg$ or Malabsorptive operation$).tw. 1  
79 (obes$ surg$ or obes$ operation$).tw. 19  
80 Pancreatobiliary Bypass$.tw. 0  
81 Restrictive bypass$.tw. 0  
82 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or anastomos$ or 
gastric bypass$ or diversion$)).tw. 83  
83 RYGBP.tw. 14  
84 Stomach band$.tw. 1  
85 Stomach bypass$.tw. 1  
86 Stomach Extirpat$.tw. 0  
87 Stomach Resection$.tw. 8  
88 Stomach Transection$.tw. 0  
89 Stomach stapling.tw. 0  
90 Vertical band$.tw. 35  
91 or/23-90 1195  
92 22 and 91 382  
93 swedish obese subject$.tw. 9  
94 92 or 93 386  
95 exp Obesity, Morbid/su [Surgery] 132  
96 or/94-95 388  
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Center 
Watch 

bariatric surgery 3  
gastroplasty 0  
gastrectomy 42  
gastric bypass 6  
gastric partition* 0  
gastric band* 0  
biliopancreatic diversion 0 
 

November 27, 2008 

Clinical Trials 
(US National 
Institutes of 
Health) 

bariatric surgery 103  
gastroplasty 4  
gastrectomy 41  
gastric bypass 82  
gastric partition* 0  
gastric band* 20  
biliopancreatic diversion 6 
 

November 27, 2008 

Current 
Controlled 
Trials 

bariatric surgery 83  
gastroplasty 12  
gastrectomy 120  
gastric bypass 87  
gastric partition* 0  
gastric band* 29  
biliopancreatic diversion 2 
 

November 27, 2008 

UK Clinical 
Research 
Network: 
Portfolio 
Database 

bariatric surgery 1  
gastroplasty 0  
gastrectomy 0  
gastric bypass 0  
gastric partition* 0  
gastric band* 0  
biliopancreatic diversion 0 
 

November 27, 2008 

 Agency for 
Healthcare 
Research and 
Quality 
(AHRQ) 
 

browsed their online collection January 22, 2009 
 

National 
Institute for 
Health and 
Clinical 
Excellence 
(NICE) 

browsed their online collection January 22, 2009 
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Economic search strategies 
 
Database and 
Platform 

Search Strategies Date 

MEDLINE 
(OVID) 
 

1 economics/ or value of life/ or economics, medical/ or 
economics, hospital/ or budgets/ or models, economic/ or markov 
chains/ or monte carlo method/ or decision trees/ or quality of life/ 
or patient satisfaction/ or quality-adjusted life years/ or 
economics.fs. 404378  
2 (econom$ or cost or costly or costing or costed or price or prices 
or pricing or priced or discount or discounts or discounted or 
discounting or expenditure$ or budget$ or afford$ or 
pharmacoeconomic$ or (pharmaco adj1 economic$)).tw. 305833  
3 (cost$ adj1 (util$ or effective$ or efficac$ or benefit$ or 
consequence$ or analy$ or minimi$ or saving$ or breakdown or 
lowering or estimate$ or variable$ or allocation or control or illness 
or sharing or life or lives or affordabl$ or instrument$ or 
technolog$ or day$ or fee or fees or charge or charges)).tw. 63148  
4 ((unit or drug or hospital or health care or medical) adj1 (cost or 
costs)).tw. 14761  
5 (markov or markow or monte carlo).tw. 16568  
6 (decision adj1 (tree$ or analy$ or model$)).tw. 5923  
7 ((value or values or valuation) adj2 (money or monetary or life or 
lives)).tw. 2058  
8 (QOL or QOLY or QOLYs or HRQOL or QALY or QALYs).tw. 
13538  
9 ((quality adj2 life) or (willing? adj2 pay) or (quality adj1 adjusted 
life year$)).tw. 78354  
10 or/1-9 644571  
11 exp abdominal fat/ 1265  
12 (abdominal adj3 (fat or adipos$)).tw. 4135  
13 adipos$.tw. 37038  
14 Anastomosis, Roux-en-Y/ 2111  
15 exp Body Fat Distribution/ 1533  
16 ((Fat or fatty or adipos$) adj3 Distribution).tw. 4776  
17 body fat patterning.tw. 31  
18 Body mass index/ 42052  
19 (body mass ind$ or body ban mass).tw. 49750  
20 BMI.tw. 31842  
21 Obese.tw. 42334  
22 Obesity/ 80177  
23 obesit$.tw. 69747  
24 Overweight/ 2752  
25 (overweight or over weight).tw. 17198  
26 Obesity, morbid/ 6146  
27 quetelet$ ind$.tw. 680  
28 ((skinfold or skin fold or skin) and (thickness or 
measurement)).tw. 16703  
29 Skinfold Thickness/ 4797  
30 Waist-Hip Ratio/ 1428  
31 (waist hip ratio$ or hip waist ratio$).tw. 1652  
32 or/11-31 214646  
33 ballobes balloon$.tw. 2  
34 banded gastroplast$.tw. 541  
35 Bariatric surgery/ 1061  
36 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 2489  

February 3, 2009 
1950- January Week 3 
2009 
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Database and 
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37 Biliopancreatic bypass$.tw. 48  
38 Biliopancreatic diversion/ 517  
39 Biliopancreatic diversion$.tw. 365  
40 Duodenal Switch$.tw. 210  
41 Garren-Edwards Gastric Bubble.tw. 15  
42 gegb.tw. 5  
43 Gastrectomy/ 21331  
44 Gastrectom$.tw. 12719  
45 Gastric balloon/ 195  
46 (gastric adj5 balloon$).tw. 312  
47 gastric band$.tw. 1239  
48 LAGB.tw. 288  
49 (Swedish adj3 band*).tw. 83  
50 Lapband$.tw. 18  
51 Lap-band$.tw. 177  
52 Intragastric band$.tw. 13  
53 Laparoscopic adjustable band.tw. 6  
54 Gastric belt$.tw. 0  
55 Gastric bubble$.tw. 40  
56 Gastric bypass/ 2636  
57 gastric bypass$.tw. 2654  
58 Long limb bypass$.tw. 3  
59 gastric exclusion$.tw. 28  
60 gastric partition$.tw. 105  
61 Gastric Resection$.tw. 3043  
62 gastric surg$.tw. 1518  
63 Gastrogastrostomy.tw. 21  
64 Gastroenterostomy/ 2563  
65 Gastroenterostom*.tw. 629  
66 Gastro-ileal bypass$.tw. 0  
67 (Gastro-ileal surg$ or Gastro-ileal operation$).tw. 0  
68 (Gastroileal bypass$ or Gastroileal surg$ or Gastroileal 
operation$).tw. 1  
69 Gastrojejunal Anastomosis.tw. 145  
70 Gastrojejunostom$.tw. 1233  
71 Gastrojejunum Anastomosis.tw. 1  
72 Gastrojejunal Fixation$.tw. 0  
73 Gastroplasty/ 2192  
74 Gastroplast$.tw. 1299  
75 Gastroresection$.tw. 24  
76 Hemigastrectomy.tw. 112  
77 ileojejunal bypass$.tw. 14  
78 Ileum Bypass$.tw. 6  
79 Intestin$ bypass$.tw. 459  
80 Intragastric balloon$.tw. 177  
81 Jejunogastric Anastomosis.tw. 2  
82 Jejunoileac Bypass$.tw. 0  
83 Jejunoileal bypass/ 501  
84 Jejunoileal bypass$.tw. 738  
85 jejuno-ileal bypass$.tw. 187  
86 (Jejunoileal Shunt$ or Jejuno-ileal Shunt$).tw. 70  
87 Malabsorptive bypass$.tw. 1  
88 (Malabsorptive surg$ or Malabsorptive operation$).tw. 22  
89 (obes$ surg$ or obes$ operation$).tw. 421  
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90 Pancreatobiliary Bypass$.tw. 0  
91 Restrictive bypass$.tw. 2  
92 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or 
anastomos$ or gastric bypass$ or diversion$)).tw. 2396  
93 RYGBP.tw. 287  
94 Stomach band$.tw. 1  
95 Stomach bypass$.tw. 13  
96 Stomach Extirpat$.tw. 2  
97 Stomach Resection$.tw. 567  
98 Stomach Transection$.tw. 4  
99 Stomach stapling.tw. 5  
100 Vertical band$.tw. 583  
101 or/33-100 39419  
102 32 and 101 8204  
103 swedish obese subject$.tw. 54  
104 102 or 103 8236  
105 exp Obesity, Morbid/su [Surgery] 3862  
106 or/104-105 8499  
107 10 and 106 947 
 

EMBASE 
(OVID) 
 

1 Health economics/ or economic evaluation/ or 
pharmacoeconomics/ or pharmacoeconomics.fs. or economic 
aspect/ or quality adjusted life year/ or quality of life/ 178574  
2 (cost or costly or costing or costed or price or prices or pricing or 
priced or discount or discounts or discounted or discounting or 
expenditure$ or budget$ or afford$).tw. 203399  
3 (econom$ or pharmacoeconom$ or pharmaco-econom$ or 
(pharmaco adj1 econom$)).tw. 79444  
4 (cost$ adj1 (util$ or effective$ or efficac$ or benefit$ or 
consequence$ or analy$ or minimi$ or saving$ or breakdown or 
lowering or estimate$ or variable$ or allocation or control or illness 
or sharing or life or lives or affordabl$ or instrument$ or 
technolog$ or day$)).tw. 57678  
5 ((unit or drug or hospital or health care or medical) adj1 (cost or 
fee or fees or charge or charges or costs)).tw. 13557  
6 (markov or markow or monte carlo).tw. 15483  
7 (decision adj1 (tree$ or analy$ or model$)).tw. 5496  
8 ((value or values or valuation) adj2 (money or monetary or life or 
lives)).tw. 1757  
9 (QOL or QOLY or QOLYs or HRQOL or QALY or QALYs).tw. 
13190  
10 ((quality adj2 life) or (willing? adj2 pay) or (quality adj1 
adjusted life year$)).tw. 75001  
11 or/1-10 428651  
12 exp abdominal fat/ 1193  
13 (abdominal adj3 (fat or adipos$)).tw. 3380  
14 Abdominal obesity/ 835  
15 adipos$.tw. 30249  
16 Body Fat Distribution/ 1108  
17 ((Fat or fatty or adipos$) adj3 Distribution).tw. 4118  
18 body fat patterning.tw. 28  
19 Body mass/ 63149  
20 (body mass ind$ or BMI or body ban mass).tw. 58425  
21 (obese or obesit$).tw. 78705  

February 3, 2009 
1980 – 2009 Week 5 
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22 Obesity/ 85968  
23 (overweight or over weight).tw. 15181  
24 Morbid obesity/ 4336  
25 quetelet$ ind$.tw. 585  
26 ((skinfold or skin fold or skin) and (thickness or 
measurement)).tw. 15247  
27 Skinfold Thickness/ 3672  
28 Waist-Hip Ratio/ 1437  
29 (waist hip ratio$ or hip waist ratio$).tw. 1492  
30 or/12-29 193757  
31 ballobes balloon.tw. 1  
32 banded gastroplast$.tw. 576  
33 Bariatric surgery/ 3155  
34 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 2628  
35 biliopancreatic bypass/ 653  
36 biliopancreatic diversion$.tw. 391  
37 Duodenal Switch$.tw. 220  
38 (Garren-Edwards Gastric Bubble or gegb).tw. 14  
39 exp Gastrectomy/ 10888  
40 Gastrectom$.tw. 7395  
41 (gastric adj5 balloon$).tw. 278  
42 gastric banding/ 1669  
43 gastric band$.tw. 1239  
44 LAGB.tw. 292  
45 (Swedish adj3 band*).tw. 91  
46 Lapband$.tw. 17  
47 Lap-band$.tw. 170  
48 Intragastric band$.tw. 13  
49 Laparoscopic adjustable band.tw. 3  
50 Gastric belt$.tw. 0  
51 Gastric bubble$.tw. 31  
52 Gastric bypass$.tw. 2591  
53 Long limb bypass$.tw. 3  
54 Gastric exclusion$.tw. 17  
55 Gastric partition$.tw. 99  
56 Gastric Resection$.tw. 1247  
57 Gastric surg$.tw. 958  
58 Gastrogastrostomy.tw. 23  
59 Gastroenterostomy/ 385  
60 Gastroenterostom*.tw. 297  
61 Gastroileal bypass$.tw. 1  
62 (Gastroileal surg$ or Gastroileal operation$).tw. 0  
63 (Gastro-ileal bypass$ or Gastro-ileal surg$ or Gastro-ileal 
operation$).tw. 0  
64 Gastrojejunal Anastomosis.tw. 101  
65 Gastrojejunal Fixation.tw. 0  
66 Gastrojejunostomy/ 1370  
67 Gastrojejunostom$.tw. 960  
68 Gastrojejunum Anastomosis.tw. 1  
69 Gastroplasty/ 1616  
70 gastroplast$.tw. 1221  
71 Gastroresection$.tw. 20  
72 Hemigastrectom$.tw. 57  
73 ileojejunal bypass$.tw. 7  
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74 Ileum Bypass/ 176  
75 ileum bypass$.tw. 3  
76 intestine bypass/ 465  
77 intestin$ bypass$.tw. 263  
78 Intragastric balloon$.tw. 175  
79 Jejunogastric Anastomosis.tw. 2  
80 Jejunoileac Bypass$.tw. 0  
81 jejunoileal bypass/ 304  
82 jejunoileal bypass$.tw. 480  
83 jejuno-ileal bypass$.tw. 110  
84 (Jejunoileal Shunt$ or jejuno-ileal shunt$).tw. 17  
85 Malabsorptive bypass$.tw. 1  
86 (Malabsorptive surg$ or Malabsorptive operation$).tw. 26  
87 (Obes$ surg$ or obes$ operation$).tw. 383  
88 Pancreatobiliary Bypass$.tw. 0  
89 Restrictive bypass$.tw. 1  
90 Roux y Anastomosis/ 2679  
91 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or 
anastomos$ or gastric bypass$ or diversion$)).tw. 2161  
92 RYGBP.tw. 285  
93 Stomach band$.tw. 0  
94 Stomach bypass/ 2960  
95 stomach bypass$.tw. 4  
96 Stomach Extirpat$.tw. 1  
97 Stomach Resection$.tw. 79  
98 Stomach Transection$.tw. 3  
99 Stomach stapling.tw. 2  
100 Vertical band$.tw. 606  
101 or/31-100 24587  
102 and/30,101 7281  
103 swedish obese subject$.tw. 45  
104 102 or 103 7307  
105 exp Obesity, Morbid/su [Surgery] 2679  
106 or/104-105 7455  
107 11 and 106 844 
 

EconLit 
(EBSCO) 
 

obesity and surg* 3  
obesity and procedure* 3  
obesity and operation* 3  
obese and surg* 0  
obese and procedure* 0  
obese and operation* 0  
gastr* and surg* 2  
gastr* and procedure* 3  
gastr* and operation* 1  
stomach and surg* 0  
stomach and procedure* 0  
stomach and operation* 0  
overweight and surg* 1  
overweight and procedure* 4  
overweight and operation* 1  
bariatric and surg* 0  
bariatric and procedure* 0  
bariatric and operation* 0 

November 26, 2008 
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EURON EED 
(Available 
online) 
Health Economic 
Evaluations 
Database 
 

bariatric surgery 0  
gastroplasty 2  
gastrectomy 2  
gastric bypass 0  
gastric partition 0  
gastric band 0  
biliopancreatic diversion 0 
 

November 27, 2008 

Harvard Center 
for Risk Analysis, 
CEA Registry 
(Available 
online) 

bariatric surgery 0  
gastroplasty 1  
gastrectomy 0  
gastric bypass 2  
gastric partition 0  
gastric band 0  
biliopancreatic diversion 0 
 

November 27, 2008 
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Volume-outcome search strategies 
 
Database and 
Platform 

Search Strategies Date 

MEDLINE 
(OVID) 
 

1 exp abdominal fat/ 1265  
2 (abdominal adj3 (fat or adipos$)).tw. 4135  
3 adipos$.tw. 37038  
4 Anastomosis, Roux-en-Y/ 2111  
5 exp Body Fat Distribution/ 1533  
6 ((Fat or fatty or adipos$) adj3 Distribution).tw. 4776  
7 body fat patterning.tw. 31  
8 Body mass index/ 42052  
9 (body mass ind$ or body ban mass).tw. 49750  
10 BMI.tw. 31842  
11 Obese.tw. 42334  
12 Obesity/ 80177  
13 obesit$.tw. 69747  
14 Overweight/ 2752  
15 (overweight or over weight).tw. 17198  
16 Obesity, morbid/ 6146  
17 quetelet$ ind$.tw. 680  
18 ((skinfold or skin fold or skin) and (thickness or 
measurement)).tw. 16703  
19 Skinfold Thickness/ 4797  
20 Waist-Hip Ratio/ 1428  
21 (waist hip ratio$ or hip waist ratio$).tw. 1652  
22 or/1-21 214646  
23 ballobes balloon$.tw. 2  
24 banded gastroplast$.tw. 541  
25 Bariatric surgery/ 1061  
26 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 2489  
27 Biliopancreatic bypass$.tw. 48  
28 Biliopancreatic diversion/ 517  
29 Biliopancreatic diversion$.tw. 365  
30 Duodenal Switch$.tw. 210  
31 Garren-Edwards Gastric Bubble.tw. 15  
32 gegb.tw. 5  
33 Gastrectomy/ 21331  
34 Gastrectom$.tw. 12719  
35 Gastric balloon/ 195  
36 (gastric adj5 balloon$).tw. 312  
37 gastric band$.tw. 1239  
38 LAGB.tw. 288  
39 (Swedish adj3 band*).tw. 83  
40 Lapband$.tw. 18  
41 Lap-band$.tw. 177  
42 Intragastric band$.tw. 13  
43 Laparoscopic adjustable band.tw. 6  
44 Gastric belt$.tw. 0  
45 Gastric bubble$.tw. 40  
46 Gastric bypass/ 2636  
47 gastric bypass$.tw. 2654  
48 Long limb bypass$.tw. 3  
49 Gastric Resection$.tw. 3043  
50 Gastrogastrostomy.tw. 21  

February 3, 2009 
1950- January Week 3 
2009 
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Database and 
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51 Gastroenterostomy/ 2563  
52 Gastroenterostom*.tw. 629  
53 Gastro-ileal bypass$.tw. 0  
54 (Gastro-ileal surg$ or Gastro-ileal operation$).tw. 0  
55 (Gastroileal bypass$ or Gastroileal surg$ or Gastroileal 
operation$).tw. 1  
56 Gastrojejunal Anastomosis.tw. 145  
57 Gastrojejunostom$.tw. 1233  
58 Gastrojejunum Anastomosis.tw. 1  
59 Gastrojejunal Fixation$.tw. 0  
60 Gastroplasty/ 2192  
61 Gastroplast$.tw. 1299  
62 Gastroresection$.tw. 24  
63 Hemigastrectomy.tw. 112  
64 ileojejunal bypass$.tw. 14  
65 Ileum Bypass$.tw. 6  
66 Intestin$ bypass$.tw. 459  
67 Intragastric balloon$.tw. 177  
68 Jejunogastric Anastomosis.tw. 2  
69 Jejunoileac Bypass$.tw. 0  
70 Jejunoileal bypass/ 501  
71 Jejunoileal bypass$.tw. 738  
72 jejuno-ileal bypass$.tw. 187  
73 (Jejunoileal Shunt$ or Jejuno-ileal Shunt$).tw. 70  
74 Malabsorptive bypass$.tw. 1  
75 (Malabsorptive surg$ or Malabsorptive operation$).tw. 22  
76 (obes$ surg$ or obes$ operation$).tw. 421  
77 Pancreatobiliary Bypass$.tw. 0  
78 Restrictive bypass$.tw. 2  
79 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or 
anastomos$ or gastric bypass$ or diversion$)).tw. 2396  
80 RYGBP.tw. 287  
81 Stomach band$.tw. 1  
82 Stomach bypass$.tw. 13  
83 Stomach Extirpat$.tw. 2  
84 Stomach Resection$.tw. 567  
85 Stomach Transection$.tw. 4  
86 Stomach stapling.tw. 5  
87 Vertical band$.tw. 583  
88 or/23-87 38623  
89 exp Obesity, Morbid/su [Surgery] 3862  
90 22 and 88 8117  
91 or/89-90 8387  
92 (workload$ or work load$).tw. 14536  
93 workload/ 10309  
94 (volume adj2 (outcome or outcomes or mortality or length of 
stay)).tw. 694  
95 (patient$ adj (volume or volumes or caseload$)).tw. 628  
96 (procedur$ adj frequen$).tw. 182  
97 exp Regional Health Planning/ 30416  
98 Delivery of Health Care, Integrated/ 5535  
99 "outcome and process assessment"/ 16761  
100 exp "outcome assessment (health care)"/ma, og, sn, ut 3086  
101 exp utilization review/ 8450  
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Database and 
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102 exp "task performance and analysis"/ 18291  
103 exp health facilities/ut 21207  
104 exp centralized hospital services/ 665  
105 or/92-104 120422  
106 91 and 105 44  
 

EMBASE 
(OVID) 
 

1 exp abdominal fat/ 1193  
2 (abdominal adj3 (fat or adipos$)).tw. 3380  
3 Abdominal obesity/ 835  
4 adipos$.tw. 30249  
5 Body Fat Distribution/ 1108  
6 ((Fat or fatty or adipos$) adj3 Distribution).tw. 4118  
7 body fat patterning.tw. 28  
8 Body mass/ 63149  
9 (body mass ind$ or BMI or body ban mass).tw. 58425  
10 (obese or obesit$).tw. 78705  
11 Obesity/ 85968  
12 (overweight or over weight).tw. 15181  
13 Morbid obesity/ 4336  
14 quetelet$ ind$.tw. 585  
15 ((skinfold or skin fold or skin) and (thickness or 
measurement)).tw. 15247  
16 Skinfold Thickness/ 3672  
17 Waist-Hip Ratio/ 1437  
18 (waist hip ratio$ or hip waist ratio$).tw. 1492  
19 or/1-18 193757  
20 ballobes balloon.tw. 1  
21 banded gastroplast$.tw. 576  
22 Bariatric surgery/ 3155  
23 (Bariatric adj4 (operation or surg$ or procedure$)).tw. 2628  
24 biliopancreatic bypass/ 653  
25 biliopancreatic diversion$.tw. 391  
26 Duodenal Switch$.tw. 220  
27 (Garren-Edwards Gastric Bubble or gegb).tw. 14  
28 exp Gastrectomy/ 10888  
29 Gastrectom$.tw. 7395  
30 (gastric adj5 balloon$).tw. 278  
31 gastric banding/ 1669  
32 gastric band$.tw. 1239  
33 LAGB.tw. 292  
34 (Swedish adj3 band*).tw. 91  
35 Lapband$.tw. 17  
36 Lap-band$.tw. 170  
37 Intragastric band$.tw. 13  
38 Laparoscopic adjustable band.tw. 3  
39 Gastric belt$.tw. 0  
40 Gastric bubble$.tw. 31  
41 Gastric bypass$.tw. 2591  
42 Long limb bypass$.tw. 3  
43 Gastric exclusion$.tw. 17  
44 Gastric partition$.tw. 99  
45 Gastric Resection$.tw. 1247  
46 Gastric surg$.tw. 958  
47 Gastrogastrostomy.tw. 23  

February 3, 2009 
1980 – 2009 Week 5 
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Database and 
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48 Gastroenterostomy/ 385  
49 Gastroenterostom*.tw. 297  
50 Gastro-ileal bypass$.tw. 0  
51 (Gastro-ileal surg$ or Gastro-ileal operation$).tw. 0  
52 (Gastroileal bypass$ or Gastroileal surg$ or Gastroileal 
operation$).tw. 1  
53 Gastrojejunal Anastomosis.tw. 101  
54 Gastrojejunal Fixation.tw. 0  
55 Gastrojejunostomy/ 1370  
56 Gastrojejunostom$.tw. 960  
57 Gastrojejunum Anastomosis.tw. 1  
58 Gastroplasty/ 1616  
59 gastroplast$.tw. 1221  
60 Gastroresection$.tw. 20  
61 Hemigastrectom$.tw. 57  
62 ileojejunal bypass$.tw. 7  
63 Ileum Bypass/ 176  
64 ileum bypass$.tw. 3  
65 intestine bypass/ 465  
66 intestin$ bypass$.tw. 263  
67 Intragastric balloon$.tw. 175  
68 Jejunogastric Anastomosis.tw. 2  
69 Jejunoileac Bypass$.tw. 0  
70 jejunoileal bypass/ 304  
71 jejunoileal bypass$.tw. 480  
72 jejuno-ileal bypass$.tw. 110  
73 (Jejunoileal Shunt$ or jejuno-ileal shunt$).tw. 17  
74 Malabsorptive bypass$.tw. 1  
75 (Malabsorptive surg$ or Malabsorptive operation$).tw. 26  
76 (Obes$ surg$ or obes$ operation$).tw. 383  
77 Pancreatobiliary Bypass$.tw. 0  
78 Restrictive bypass$.tw. 1  
79 Roux y Anastomosis/ 2679  
80 ((Roux-en-y or roux y) and (gastric bypass$ or loop$ or 
anastomos$ or gastric bypass$ or diversion$)).tw. 2161  
81 RYGBP.tw. 285  
82 Stomach band$.tw. 0  
83 Stomach bypass/ 2960  
84 stomach bypass$.tw. 4  
85 Stomach Extirpat$.tw. 1  
86 Stomach Resection$.tw. 79  
87 Stomach Transection$.tw. 3  
88 Stomach stapling.tw. 2  
89 Vertical band$.tw. 606  
90 or/20-89 24587  
91 19 and 90 7281  
92 swedish obese subject$.tw. 45  
93 91 or 92 7307  
94 exp Obesity, Morbid/su [Surgery] 2679  
95 or/93-94 7455  
96 centralization/ 436  
97 health care delivery/ 40463  
98 health care planning/ 21540  
99 hospital admission/ 52748  
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100 integrated health care system/ 272  
101 outcome assessment/ 55115  
102 outcomes research/ 60927  
103 (procedur$ adj frequen$).tw. 158  
104 regionalization/ 1003  
105 ((surg$ or hospital$ or centre$ or center$ or institution$ or 
facility$ or provider$ or procedur$ or patient$) adj2 (outcome$ or 
volume$ or caseload$ or workload$)).tw. 59829  
106 Task performance/ 55151  
107 utilization review/ 1737  
108 (volume adj2 (outcome or outcomes or mortality or cost$ or 
length of stay)).tw. 840  
109 exp workload/ 11486  
110 or/96-109 331744  
111 95 and 110 562  
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APPENDIX 2: FLOWCHARTS OF SELECTED STUDIES 
 

Figure A-1. Flowchart of selected clinical trials for systematic review 
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Figure A-2. Flowchart of selected economic studies for systematic review 
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Figure A-3. Flowchart of selected volume-outcome studies for systematic review 
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APPENDIX 3: EXCLUDED STUDIES FROM CLINICAL 
REVIEW 
 
BMI too low (30 Studies) 
 
1. Liu PC, Jiang ZW, Zhu XL, Wang ZM, Diao YQ, Li N, et al. Compression anastomosis clip for 

gastrointestinal anastomosis. World J Gastroenterol 2008;14(31):4938-42.  
 

2. Fein M, Fuchs K-H, Thalheimer A, Freys SM, Heimbucher J, Thiede A. Long-term benefits of Roux-en-Y 
pouch reconstruction after total gastrectomy: a randomized trial. Ann Surg 2008;247(5):759-65.  

 
3. Dixon JB, O'Brien PE, Playfair J, Chapman L, Schachter LM, Skinner S, et al. Adjustable gastric banding and 

conventional therapy for type 2 diabetes: a randomized controlled trial. JAMA 2008;299(3):316-23.  
 

4. Dixon JB, Strauss BJG, Laurie C, O'Brien PE. Changes in body composition with weight loss: obese subjects 
randomized to surgical and medical programs. Obesity 2007;15(5):1187-98.  

 
5. Himpens J, Dapri G, Cadiere GB. A prospective randomized study between laparoscopic gastric banding and 

laparoscopic isolated sleeve gastrectomy: results after 1 and 3 years. Obes Surg 2006;16(11):1450-6. 
 

6. Dowdall JF, McAnena OJ. Linear stapling of the short gastric vessels reduces blood loss and splenectomy at 
oesophageal and gastric surgery. Surg Endosc 2006;20(5):770-2.  

 
7. O'Brien PE, Dixon JB, Laurie C, Skinner S, Proietto J, McNeil J, et al. Treatment of mild to moderate obesity 

with laparoscopic adjustable gastric banding or an intensive medical program: a randomized trial. Ann Intern 
Med 2006;144(9):625-33.  

 
8. Sanchez BR, Mohr CJ, Morton JM, Safadi BY, Alami RS, Curet MJ. Comparison of totally robotic 

laparoscopic Roux-en-Y gastric bypass and traditional laparoscopic Roux-en-Y gastric bypass. Surg 
2005;1(6):549-54.  

 
9. O'Brien PE, Dixon JB, Laurie C, Anderson M. A prospective randomized trial of placement of the 

laparoscopic adjustable gastric band: comparison of the perigastric and pars flaccida pathways. Obes Surg 
2005;15(6):820-6. 

 
10. Silecchia G, Greco F, Bacci V, Boru C, Pecchia A, Casella G, et al. Results after laparoscopic adjustable 

gastric banding in patients over 55 years of age. Obes Surg 2005;15(3):351-6.  
 

11. Blanco-Engert R, Weiner S, Pomhoff I, Matkowitz R, Weiner RA. Outcome after laparoscopic adjustable 
gastric banding, using the Lap-Band and the Heliogast band: a prospective randomized study. Obes Surg 
2003;13(5):776-9.  

 
12. Weiss HG, Nehoda H, Labeck B, Peer-Kuehberger R, Oberwalder M, Aigner F, et al. Adjustable gastric and 

esophagogastric banding: a randomized clinical trial. Obes Surg 2002;12(4):573-8.  
 

13. Mathus-Vliegen EMH, van Weeren M, van Eerten PV. Los function and obesity: the impact of untreated 
obesity, weight loss, and chronic gastric balloon distension. Digestion 2003;68(2-3):161-8.  

 
14. Montesani C, D'Amato A, Santella S, Pronio A, Giovannini C, Cristaldi M, et al. Billroth I versus Billroth II 

versus Roux-en-Y after subtotal gastrectomy. Prospective [correction of prespective] randomized study. 
Hepatogastroenterology 2002;49(47):1469-73. 
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15. Pans A, Desaive C. Use of an absorbable polyglactin mesh for the prevention of incisional hernias. Acta Chir 
Belg 1995;95(6):265-8. 

 
16. Stockeld D, Granstrom L, Backman L, Dahlgren S. Inflammatory response to subcutaneously implanted 

Marlex and GORE-TEX in massively obese patients. Biomaterials 1992;13(4):261-3.  
 

17. Geliebter A, Melton PM, McCray RS, Gage D, Heymsfield SB, Abiri M, et al. Clinical trial of silicone-rubber 
gastric balloon to treat obesity. Int J Obes 1991;15(4):259-66. 

 
18. Deitel M, Alhindawi R, Yamen M, To TB, Burul CJ. Dexon plus versus Maxon fascial closure in morbid 

obesity: a prospective randomized comparison. Can J Surg 1990;33(4):302-4. 
 

19. Hogan RB, Johnston JH, Long BW, Sones JQ, Hinton LA, Bunge J, et al. A double-blind, randomized, sham-
controlled trial of the gastric bubble for obesity. Gastrointest Endosc 1989;35(5):381-5.  

 
20. Ramhamadany EM, Fowler J, Baird IM. Effect of the gastric balloon versus sham procedure on weight loss in 

obese subjects. Gut 1989;30(8):1054-7. 
 

21. Andersen T, Pedersen BH, Dissing I, Astrup A, Henriksen JH. A randomized comparison of horizontal and 
vertical banded gastroplasty: what determines weight loss? Scand J Gastroenterol 1989;24(2):186-92.  

 
22. Meshkinpour H, Hsu D, Farivar S. Effect of gastric bubble as a weight reduction device: a controlled, 

crossover study. Gastroenterology 1988;95(3):589-92. 
 

23. Benjamin SB, Maher KA, Cattau EL, Jr., Collen MJ, Fleischer DE, Lewis JH, et al. Double-blind controlled 
trial of the Garren-Edwards gastric bubble: an adjunctive treatment for exogenous obesity. Gastroenterology 
1988;95(3):581-8. 

 
24. Viddal KO. Intestinal bypass. A randomized, prospective clinical study of end-to-side and end-to-end 

jejunoileal bypass. Scand J Gastroenterol 1983;18(5):627-34. 
 

25. Torgerson JS, Lissner L, Lindroos AK, Kruijer H, Sjöström L. VLCD plus dietary and behavioural support 
versus support alone in the treatment of severe obesity. A randomised two-year clinical trial. Int J Obes Relat 
Metab Disord 1997;21(11):987-94. 

  
26. Batsis JA, Romero-Corral A, Collazo-Clavell ML, Sarr MG, Somers VK, Brekke L, et al. Effect of weight 

loss on predicted cardiovascular risk: change in cardiac risk after bariatric surgery. Obesity  2007;15(3):772-
84. 

  
27. Smith SC, Edwards CB, Goodman GN. Symptomatic and clinical improvement in morbidly obese patients 

with gastroesophageal reflux disease following Roux-en-Y gastric bypass. Obes Surg 1997;7(6):479-84. 
  

28. White S, Brooks E, Jurikova L, Stubbs RS. Long-term outcomes after gastric bypass. Obes Surg 
2005;15(2):155-63. 

  
29. Steffen R, Biertho L, Ricklin T, Piec G, Horber FF. Laparoscopic Swedish adjustable gastric banding: a five-

year prospective study. Obes Surg 2003;13(3):404-11. 
 

30. Vertruyen M. Experience with Lap-band System up to 7 years. Obes Surg 2002;12(4):569-72. 
 
 
No relevant control (26 studies) 
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1. Nocca D, Krawczykowsky D, Bomans B, Noel P, Picot MC, Blanc PM, et al. A prospective multicenter 
study of 163 sleeve gastrectomies: results at 1 and 2 years. Obes Surg 2008;18(5):560-5.  

 
2. Alami RS, Morton JM, Schuster R, Lie J, Sanchez BR, Peters A, et al. Is there a benefit to preoperative 

weight loss in gastric bypass patients? A prospective randomized trial. Surg 2007;3(2):141-5; discussion 
145-6.  
 

3. Vallejo MC, Sah N, Phelps AL, O'Donnell J, Romeo RC. Desflurane versus sevoflurane for laparoscopic 
gastroplasty in morbidly obese patients. J Clin Anesth 2007;19(1):3-8.  

 
4. Strzelczyk JM, Szymanski D, Nowicki ME, Wilczynski W, Gaszynski T, Czupryniak L. Randomized 

clinical trial of postoperative hernia prophylaxis in open bariatric surgery. Br J Surg 2006;93(11):1347-50.  
 
5. Champion JK, Williams M. Prospective randomized trial of heated humidified versus cold dry carbon 

dioxide insufflation during laparoscopic gastric bypass. Surg 2006;2(4):445-9; discussion 449-50.  
 
6. Wasowicz-Kemps DK, Bliemer B, Boom FA, de Zwaan NM, van Ramshorst B. Laparoscopic gastric 

banding for morbid obesity: outpatient procedure versus overnight stay. Surg Endosc 2006;20(8):1233-7.  
 

7. Govindarajan R, Ghosh B, Sathyamoorthy MK, Kodali NS, Raza A, Aronsohn J, et al. Efficacy of 
ketorolac in lieu of narcotics in the operative management of laparoscopic surgery for morbid obesity. Surg 
2005;1(6):530-5; discussion 535-6.  

 
8. Kamelgard JI, Kim KA, Atlas G. Combined preemptive and preventive analgesia in morbidly obese 

patients undergoing open gastric bypass: A pilot study. Surg 2005;1(1):12-6.  
 
9. Hamza MA, Schneider BE, White PF, Recart A, Villegas L, Ogunnaike B, et al. Heated and humidified 

insufflation during laparoscopic gastric bypass surgery: effect on temperature, postoperative pain, and 
recovery outcomes. J Laparoendosc Adv Surg Tech A 2005;15(1):6-12. 

  
10. Savel RH, Balasubramanya S, Lasheen S, Gaprindashvili T, Arabov E, Fazylov RM, et al. Beneficial 

effects of humidified, warmed carbon dioxide insufflation during laparoscopic bariatric surgery: a 
randomized clinical trial. Obes Surg 2005;15(1):64-9.  
 

11. Pans A, Elen P, Dewe W, Desaive C. Long-term results of polyglactin mesh for the prevention of incisional 
hernias in obese patients. World J Surg 1998;22(5):479-82; discussion 482-3. 

 
12. Pories WJ, van Rij AM, Burlingham BT, Fulghum RS, Meelheim D. Prophylactic cefazolin in gastric 

bypass surgery. Surgery 1981;90(2):426-32. 
 

13. Miller KA, Pump A. Mechanical versus suture fixation of the port in adjustable gastric banding procedures: 
a prospective randomized blinded study. Surg Endosc 2008;22(11):2478-84. 
 

14. Hedenbro JL, Frederiksen SG, Lundgren PO. Patients accept a shorter hospital time for vertical banded 
gastroplasty in a short stay unit: a randomized study. Obes Surg 1995;5(1):34-8. 
  

15. Busetto L, Sergi G, Enzi G, Segato G, De Marchi F, Foletto M, et al. Short-term effects of weight loss on 
the cardiovascular risk factors in morbidly obese patients. Obes Res 2004;12(8):1256-63. 
 

16. Stoopen-Margain E, Fajardo R, Espana N, Gamino R, Gonzalez-Barranco J, Herrera MF. Laparoscopic 
Roux-en-Y gastric bypass for morbid obesity: results of our learning curve in 100 consecutive patients. 
Obes Surg 2004;14(2):201-5. 
 

17. Scopinaro N, Adami GF, Marinari GM, Gianetta E, Traverso E, Friedman D, et al. Biliopancreatic 
diversion. World J Surg 1998;22(9):936-46. 
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18. Capella JF, Capella RF. An assessment of vertical banded gastroplasty-Roux-en-Y gastric bypass for the 
treatment of morbid obesity. Am J Surg 2002;183(2):117-23. 
  

19. Higa KD, Ho T, Boone KB. Laparoscopic Roux-en-Y gastric bypass: technique and 3-year follow-up. J 
Laparoendosc Adv Surg Tech A 2001;11(6):377-82. 
  

20. Dargent J. Surgical treatment of morbid obesity by adjustable gastric band: the case for a conservative 
strategy in the case of failure - a 9-year series. Obes Surg 2004;14(7):986-90. 
  

21. Frigg A, Peterli R, Peters T, Ackermann C, Tondelli P. Reduction in co-morbidities 4 years after 
laparoscopic adjustable gastric banding. Obes Surg 2004;14(2):216-23. 
 

22. Holloway JA, Forney GA, Gould DE. The Lap-Band is an effective tool for weight loss even in the United 
States. Am J Surg 2004;188(6):659-62. 
  

23. Victorzon M, Tolonen P. Intermediate results following laparoscopic adjustable gastric banding for morbid 
obesity. Dig Surg 2002;19(5):354-7; discussion 358. 
 

24. Anthone GJ, Lord RV, DeMeester TR, Crookes PF. The duodenal switch operation for the treatment of 
morbid obesity. Ann Surg 2003;238(4):618-27; discussion 627-8. 
  

25. Nanni G, Balduzzi G, Botta C, Capoluongo R, Demichelis P, Scansetti M, et al. Biliopancreatic diversion. 
Clinical experience. Obes Surg 2005;7(1):26-9.  
 

26. Aghahosseini H, Roulet D, Cavin R. [Treatment of morbid obesity with adjustable gastric prosthesis: 
experience and results at the Riviera Hospital in Montreux]. Rev Med Suisse Romande 2001;121(10):709-
12. 
  

  
Multiple studies (23 studies) 

  
Multiple study of Slecchia 2008103 

1. Silecchia G, Boru CE, Mouiel J, Rossi M, Anselmino M, Tacchino RM, et al. Clinical evaluation of fibrin 
glue in the prevention of anastomotic leak and internal hernia after laparoscopic gastric bypass: preliminary 
results of a prospective, randomized multicenter trial. Obes Surg 2006;16(2):125-31.  

 
Multiple study of Olbers 200565 

2. Olbers T, Bjorkman S, Lindroos A, Maleckas A, Lonn L, Sjostrom L, et al. Body composition, dietary 
intake, and energy expenditure after laparoscopic Roux-en-Y gastric bypass and laparoscopic vertical 
banded gastroplasty: a randomized clinical trial. Ann Surg 2006;244(5):715-22.  
 
Multiple studies of Nguyen 200180 

3. Nguyen NT, Braley S, Fleming NW, Lambourne L, Rivers R, Wolfe BM. Comparison of postoperative 
hepatic function after laparoscopic versus open gastric bypass. Am J Surg 2003;186(1):40-4. 

 
4. Nguyen NT, Ho HS, Fleming NW, Moore P, Lee SJ, Goldman CD, et al. Cardiac function during 

laparoscopic vs open gastric bypass. Surg Endosc 2002;16(1):78-83. 
 
5. Nguyen NT, Owings JT, Gosselin R, Pevec WC, Lee SJ, Goldman C, et al. Systemic coagulation and 

fibrinolysis after laparoscopic and open gastric bypass. Arch Surg 2001;136(8):909-16.  
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6. Nguyen NT, Lee SL, Goldman C, Fleming N, Arango A, McFall R, et al. Comparison of pulmonary 
function and postoperative pain after laparoscopic versus open gastric bypass: a randomized trial. J Am Coll 
Surg 2001;192(4):469-76; discussion 476-7.  

 
Multiple study of Howard 1995107  

7. Van Woert J, Michalek A, Alger S, Carter J, Howard L. A prospective randomized trial (PRT) og gastric 
bypass (GB) versus vertical banded gastroplasty (VBG) for morbid obesity (MO). Clinical Research 
1992;40(2):642A. 
 
Multiple study of Maclean 199387 

8. MacLean LD, Rhode BM, Forse RA, Nohr C. Surgery for obesity - An update of a randomized trial. Obes 
Surg 1995;5(2):145-53. 
  
Multiple study of Hall 199089 

9. Otto G. Obes Surg - suggestions for patient selection. Meet Obesity Surg Soc Aust NZ 1986. 17p. 
 

Multiple studies of Naslund 198693 
10. Naslund I. Gastric bypass versus gastroplasty. A prospective study of differences in two surgical 

procedures for morbid obesity. Acta Chir Scand Suppl 1987;5361-60. 
  

11. Naslund I, Jarnmark I, Andersson H. Dietary intake before and after gastric bypass and gastroplasty for 
morbid obesity in women. Int J Obes 1988;12(6):503-13. 

 
12. Naslund I, Hallgren P, Sjostrom L. Fat cell weight and number before and after gastric surgery for morbid 

obesity in women. Int J Obes 1988;12(3):191-7. 
 

13. Naslund I, Beckman KW. Gastric emptying rate after gastric bypass and gastroplasty. Scand J 
Gastroenterol 1987;22(2):193-201. 
 

14. Naslund I. The size of the gastric outlet and the outcome of surgery for obesity. Acta Chir Scand 
1986;152205-10. 

 
Multiple studies of Andersen 198495 

15. Andersen T, Stokholm KH, Backer OG, Quaade F. Long-term (5-year) results after either horizontal 
gastroplasty or very-low-calorie diet for morbid obesity. Int J Obes 1988;12(4):277-84. 
 

16. Quaade F, Backer O, Stokholm KH, Andersen T. The Copenhagen PLAFA project: a randomized trial of 
gastroplasty versus very-low-calorie diet in the treatment of severe obesity (preliminary results). Int J Obes 
1981;5(3):257-61. 

 
Multiple study of Lechner 198197  

17. Lechner GW, Elliott DW. Comparison of weight loss after gastric exclusion and partitioning. Arch Surg 
1983;118(6):685-92.  
 
Multiple studies of Buckwalter 198099 

18. Buckwalter JA. Clinical trial of surgery for morbid obesity. South Med J 1978;71(11):1370-1. 
 

19. Buckwalter JA, Mason EE, Payne JH. A prospective comparison of the jejunoileal and gastricbypass 
operations for morbid obesity. World-J-Surg 1977;1(6):757-68. 

 
Multiple studies of DOP 1979100  

20. Hakansson T, Andersen B, Christensen RF, Christensen S. The influence of jejunoileal ratio on plasma 
electrolytes and liver function in intestinal bypass for morbid obesity. A randomized trial. Scand J 
Gastroenterol 1985;20(2):179-82. 
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21. Stokholm KH, Nielsen PE, Quaade F. Correlation between initial blood pressure and blood pressure 
decrease after weight loss: a study in patients with jejunoileal bypass versus medical treatment for morbid 
obesity. Int J Obes 1982;6(3):307-12. 
 

22. Sorensen TI, Theilade P, Skovsted L. Iodothyronines and thyrotrophin in serum after jejunoileostomy with 
3:1 or 1:3 jejunoileal ratio. Acta Chir Scand 1981;147(3):205-7. 
 

23. Quaade F. Studies of operated and nonoperated obese patients. An interim report on the Scandinavian 
Obesity Project. Am J Clin Nutr 1977;30(1):16-20 

 
 
No relevant outcome (12 studies) 
 
1. Fried M, Kormanova K, Kasalicky M. Comparison of SAGB QC "classic" titanium port and Velocity port: 

pilot phase prospective randomized study on perioperative and short-term postoperative implantation 
outcomes. Obes Surg 2006;16(6):716-20. 

 
2. Szewczyk T, Modzelewski B. Perioperative comparison of the MiniMizer extra band with the other 
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APPENDIX 4: TABLES FOR CLINICAL REVIEW 
 

Table A-1:  Description of included clinical trials: Surgical procedure comparisons 
Author, 
Year, 

Country 

Design: 
Eligible 

BMI 
(kg/m2), 
No of 

surgeons 
[pre-

surgery 
diet] 

Surgery 1: 
Type, 

Category, 
Route 

Surgery 2: 
Type, 

Category, 
Route 

Design: 
Sample 

size, 
Months 

of 
follow-

up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI 

(kg/m2) 
 

Co-
morbidities: 

% DM, 
% 

dyslipidemia, 
% HTN 

 

Nguyen47 
2009 
US 
 

NIH & 
≤60 

1 site 

AGB 
Restrictive 

Lap 

RYGB 
Hybrid 

Lap 

250 
max 48 

43 
82 
47 

23 
- 

44 

Karamanakos51 
2008 
Greece 
 

- 
1 

Sleeve 
gastrectomy 

Primarily 
restrictive 

Lap 
 

RYGB 
Hybrid 

Lap 

32 
12 

 

34 
84 
46 

6 

25 
- 

Angrisani57 
2007 
Italy 
 

35-50 
- 

AGB 
Restrictive 

Lap 

RYGB 
Hybrid 

Lap 

51 
60 

34 
82 
44 

2 
4 
8 

Skroubis58 
2006 
Greece 
 

35-50 
1 site 

RYGB 
Hybrid 

- 

BPD 
Malabsorptive 

- 

130 
mean 29 

34 
81 
45 

13 
14 
27 

Langer48 
2005 
Austria 
 

NIH 
1 site 

Sleeve 
gastrectomy 

Primarily 
restrictive 

Lap 
 

AGB 
Restrictive 

Lap 

20 
6 

39 
90 
48 

20 
75 
40 

Lee63 
2005 
Taiwan 
 

NIH 
1 site 

Mini GB 
Hybrid 

Lap 
 

RYGB 
Hybrid 

Lap 

80 
mean 31 

31 
69 
44 

- 
- 
- 

Olbers64 
2005 
Sweden 
 

NIH & 
<50 

2 

VBG 
Restrictive 

Lap  
 

RYGB 
Hybrid 

Lap 

100 
24 

37 
74 
42 

- 
- 
- 

Van Dielen61 
2005 
Netherlands 
 

NIH 
1 site 

 

AGB 
Restrictive 

both 

VBG 
Restrictive 

both 

100 
24 

38 
80 
47 

12 
4 

17 

Lee68 
2004 
Taiwan 
 

NIH 
3 

VBG 
Restrictive 

Lap 

RYGB 
Hybrid 

Lap 

80 
mean 20 

32 
70 
43 

- 
- 
- 

Morino76 
2003 
Italy 

40-50 
1 site 

AGB 
Restrictive 

Lap 

VBG 
Restrictive 

Open 

100 
mean 33 

38 
81 
44 

- 
- 
- 
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Table A-1:  Description of included clinical trials: Surgical procedure comparisons 
Author, 
Year, 

Country 

Design: 
Eligible 

BMI 
(kg/m2), 
No of 

surgeons 
[pre-

surgery 
diet] 

Surgery 1: 
Type, 

Category, 
Route 

Surgery 2: 
Type, 

Category, 
Route 

Design: 
Sample 

size, 
Months 

of 
follow-

up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI 

(kg/m2) 
 

Co-
morbidities: 

% DM, 
% 

dyslipidemia, 
% HTN 

 

 
Mingrone77 
2002 
Italy 
 

- 
- 

BPD 
Malabsorptive 

- 

Standard care 79 
12 

30-45£ 
66 
48 

 

- 
- 
- 

Thörne78 
2002 
Sweden 
 

>35 
1 site 

AGB 
omentectomy 

Primarily 
restrictive 

Open 

AGB 
Restrictive 

Open 

50 
24 

37 
57 
44 

0£ 
- 
0£ 

Nilsell79 
2001 
Sweden 
 

>40 
or >37 co-

mo 
3 

AGB 
Restrictive 

Open 

VBG 
Restrictive 

Open 

59 
60 

39 
76 
43 

- 
- 
- 

Ashy45 
1998 
Saudi Arabia 
 

>40 
or 30-40 
co-mo 

AGB 
Restrictive 

- 
 

VBG 
Restrictive 

Lap 

60 
6 

30 
67 
51 

- 
- 
- 

Heindorff105 
1997 
Denmark 
 

- 
- 

AGB 
Restrictive 

Lap 

Standard care 16 
12 

21-43£ 
44 

range 40-56 
 

- 
- 
- 

Husemann106 
1997 
Germany 
 

- 
- 

AGB 
Restrictive 

Open 
 

VBG 
Restrictive 

Open 

112 
mean 18 

- 
- 

47 

- 
- 
- 

Lundell85 
1997 
Sweden 

- 
1 site 

AGB 
Restrictive 

Open 

VBG 
Restrictive 

Open 

50 
12 

48 
54 
43 

- 
- 
- 

       
Howard107 
1995 
US 
 

>40 
1 

VBG 
Restrictive 

- 
 

RYGB 
Hybrid 

- 

44 
max 78 

37 
79 
57‡ 

 

- 
- 
- 

MacLean87 
1993 
Canada, US 
 

- 
- 

VBG 
Restrictive 

Open 

RYGB 
Hybrid 
Open 

106 
max 84 

39 
- 
- 
 

- 
- 
- 

Hall89 
1990 
Adelaide 
Study 
Australia 
 

>160% 
EBW 

6 

RYGB 
Hybrid 
Open  

 

VBG 
Restrictive 

Open 
 

Gastrogastrostomy 
Restrictive 

Open 
 

310 
36 

34† 
93 

44†,‡ 

3 
- 

13 
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Table A-1:  Description of included clinical trials: Surgical procedure comparisons 
Author, 
Year, 

Country 

Design: 
Eligible 

BMI 
(kg/m2), 
No of 

surgeons 
[pre-

surgery 
diet] 

Surgery 1: 
Type, 

Category, 
Route 

Surgery 2: 
Type, 

Category, 
Route 

Design: 
Sample 

size, 
Months 

of 
follow-

up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI 

(kg/m2) 
 

Co-
morbidities: 

% DM, 
% 

dyslipidemia, 
% HTN 

 

Agren46 
1989 
Sweden 
 

- 
- 

VBG 
Restrictive 

Open 

Loop GB 
- 

Open 
 

52€ 
min 12 

- 
- 

43 

- 
- 
- 

Andersen90 
1987 
Denmark 
 

- 
1 [yes] 

HBG 
Restrictive 

Open 

VBG 
Restrictive 

Open 

45* 
12 

34§,† 

81§ 

48† [34†] 

- 
- 
- 

Sugerman92 
1987 
US 
 

>45 kg 
EBW 
1 site 

VBG 
Restrictive 

Open 

RYGB 
Hybrid 
Open 

40 
36 

38 
90 
48‡ 

- 
- 
- 

Naslund93 
1986 
Sweden 
 

Broca’s 
Index 
>1.50 
1 site 

~Mini 
GB/RYGB 

Hybrid 
Open 

HG 
Restrictive 

Open 

57 
24 

36 
90 
45‡ 

 

5 
- 

16 

Andersen95 
1984 
Denmark 
 

>60% 
EBW 
1 site 

HG 
Restrictive 

- 

Standard care 57 
60 

34† 
88 

45†,‡ 
 

- 
- 
- 

Pories96 
1982 
US 
 

≥100% 
EBW 
1 site 

RYGB 
Hybrid 
Open  

HG 
Restrictive 

Open 
 

87 
3-18 

35 
79 
52‡ 

 

14 
- 

40 

Laws98 
1981 
US 
 

>100% 
EBW 

- 

RYGB 
Hybrid 
Open  

HG 
Restrictive 

Open 

53 
12 

53 
- 

52‡ 
 

- 
- 
- 

Lechner97 
1981 
US 
 

>45 kg 
EBW 

- 

RYGB 
Hybrid 
Open  

 

HG  
Restrictive 

Open 
 

100 
12 

36 
91 
46‡ 

 

- 
- 
- 

Buckwalter99 
1980 
US 
 

≥45 kg 
EBW for 
≥5 y 

1 

GB/RYGB 
Hybrid 
Open  

JB 
Malabsorptive 

Open  

38 
48 

35 
97 
54‡ 

 

- 
- 
- 

DOP100 
1979 
Denmark 
 

>80% 
EBW for 
several 
years 

14 sites 
 

JB 
Malabsorptive 

Open 

Standard care 202 
44† 

32† 
82 
48‡ 

 

- 
- 
- 

Griffen101 
1977 
US 

>50 kg 
EBW 

- 

RYGB 
Hybrid 
Open 

JB 
Malabsorptive 

Open 

59 
12 

33 
61 
58‡ 

- 
- 
- 
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US United States of America, DOP Danish Obesity Project, NIH National Institutes of Health indication for surgery; >40 kg/m2 or >35 
kg/m2 with co-morbidity, EBW excess body weight, DM diabetes mellitus, the – indicates that the value was not reported, AGB 
adjustable gastric banding, BPD biliopancreatic diversion, GB gastric bypass, HG Horizontal (un-banded) gastroplasty, JB 
jejunoileal bypass, RYGB Roux-en-Y gastric bypass, RAGB Realize adjustable gastric banding, VBG vertical banded gastroplasty, 
CCHS Canadian Community Health Survey 
*24 participants were excluded pre-randomization because they did not meet weight loss goals 

† median 
‡ imputed from absolute or excess weight estimates using a height of 1.618 m (5’3.7 feet, the mean height of a 40 year Canadian 
woman [2005 CCHS]) 
§ includes participants who underwent the pre-surgery diet but were excluded from the trial 
€excludes 25 participants with an undisclosed form of gastric banding 
£patients with untreated comorbidities
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Table A-2:  Description of included clinical trials: Band-related comparisons 
Author, 

Year, 
Country 

Design: 
Eligible 

BMI 
(kg/m2), 
No of 

surgeons 
[pre-

surgery 
diet] 

Surgery: 
Type, 

Category, 
Route 

Variation Design: 
Sample 

size, 
Months 

of follow-
up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI 

(kg/m2) 
 

Co-
morbidities: 

% DM, 
% 

dyslipidemia, 
% HTN 

 

Arceo-
Olaiz50 
2008 
Mexico 
 

40-55 
- 

RYGB 
Hybrid 

Lap 

Banded vs 
unbanded 

60 
24 

37 
88 
47 

- 
- 
- 

Bessler55 
2007 
US 
 

>50 
1 

RYGB 
Hybrid 
Open 

Banded vs 
unbanded 

90 
36 

42 
65 
60 

26 
30 
48 

Gravante53 
2007 
England, 
Italy 
 

40-60 
or >35* co-

mo 
3 [yes] 

AGB 
Restrictive 

Lap 

Lap-Band vs 
RAGB 

400 
24 

44 
89 
46 

- 
- 
- 

Arasaki60 
2005 
Brazil 
 

NIH 
1 

RYGB 
Hybrid 
Open 

Silicone ring 
around distal 
part of gastric 
pouch: 62 mm 

vs 77 mm 
 

80 
6 

39 
81 
49 

- 
- 
- 

Suter66 
2005 
Switzerland 
 

- 
1 

AGB 
Restrictive 

Lap 

Lap-Band vs 
RAGB 

180 
mean 39 

38 
- 

43 

- 
- 
- 

Kirchmayr69 
2004 
Austria 
 

NIH 
1 site 

RAGB 
Restrictive 

Lap 

Band filling: 2 
ml 1 mo postop, 

0.5-1 mL 
monthly for 6 

mo postop vs 4 
mL 1 mo postop 

 

40 
9 

37 
80 
43 

- 
- 
- 

Weiner81 
2001 
Germany, 
US 
 

- 
1 

AGB 
Restrictive 

Lap 

Placement of 
band: 

Esophagogastric 
vs retrogastric 

 

101 
18 

35 
85 
49 

- 
- 
- 

Miller104 
1997 
Austria 

- 
- 

AGB 
Restrictive 

Open 

Lap-Band vs 
RAGB 

27 
min 6 

- 
- 
- 

- 
- 
- 

       
US United States of America, NIH National Institutes of Health indication for surgery; >40 kg/m2 or >35 kg/m2 with co-morbidity, DM 
diabetes mellitus, the – indicates that the value was not reported, AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, 
RAGB Realize adjustable gastric banding 
*8 participants had BMI <35 kg/m2 
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Table A-3:  Description of included clinical trials: Limb-related comparisons 
Author, 
Year, 

Country 

Design: 
Eligible 

BMI 
(kg/m2), 
No of 

surgeons 
[pre-

surgery 
diet] 

Surgery: 
Type, 

Category, 
Route 

Variation Design: 
Sample 

size, 
Months 

of follow-
up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI 

(kg/m2) 
 

Co-
morbidities: 

% DM, 
% 

dyslipidemia, 
% HTN 

 

Pinheiro49 
2008 
Brazil 
 

≥50 
1 site 

RYGB 
Hybrid 

Lap 

Bilary and roux 
limb length: 50 
and 150 cm vs 

100 and 250 cm 
  

105 
48 

54 
73 
54 

95 
89 
45 

Inabnet65 
2005 
US 
 

<50 
1 site 

RYGB 
Hybrid 

Lap 

Bilary and roux 
limb length: 50 
and 100 cm vs 

100 and 150 cm 
 

48 
24 

35 
96 
45 

- 
- 
- 

Choban74 
2002 
US 
 

≥40 
- 

RYGB 
Hybrid 
Open 

Roux limb 
length: 

for BMI ≤50, 75 
vs 150 cm 

for BMI >50, 
150 vs 250 cm 

 

133 
36 

39 
83 

44/61 
 

- 
- 
- 

Brolin88 
1992 
US 

>91 kg EBW 
1 

RYGB 
Hybrid 
Open 

Defunctionalized 
jejunum: 75 vs 

150 cm 

45 
mean 43 

38 
73 
62 

13 
13 
73 

       
Jewell102 
1975 
US 

>57 kg EBW 
supervised 

by 4 

JB 
Malabsorptive 

Open 

Shunt: Side-to-
side vs end-to-

side 

52 
6-42 

34 
- 
- 

- 
- 
- 

       
US United States of America, EBW excess body weight, DM diabetes mellitus, the – indicates that the value was 
not reported, JB jejunoileal bypass, RYGB Roux-en-Y gastric bypass 
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Table A-4:  Description of included clinical trials: Laparoscopic vs open comparisons 
Author, 
Year, 

Country 

Design: 
Eligible BMI 

(kg/m2), 
No of 

surgeons 
[pre-surgery 

diet] 

Surgery: 
Type, 

Category 

Design: 
Sample 

size, 
Months of 
follow-up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI (kg/m2) 

 

Co-morbidities: 
% DM, 

% dyslipidemia, 
% HTN 

 

Puzziferri59 
2006 
US 
 

40-60 
1 site 

RYGB 
Hybrid 

155 
mean 39 

48 
92 
48 

11 
19 
40 

Lujan71 
2004 
Spain 
 

NIH 
- 

RYGB 
Hybrid 

104 
mean 23 

37* 

78 
50* 

- 
- 
- 

Sundbom70 
2004 
Sweden 
 

- 
supervised by 1 

RYGB 
Hybrid 

50 
12 

38 
90 
45* 

- 
- 
- 

Davila-
Cervantes73 
2002 
Mexico 
 

40-50 
1 site 

VBG 
Restrictive 

 

30 
12 

35* 
90 
44* 

- 
- 
- 

Nguyen80 
2001 
US 
 

40-60 
3 

RYGB 
Hybrid 

155 
mean 10 

41 
90 
48 

- 
- 
- 

Westling75 
2001 
Sweden 
 

NIH 
1 site 

RYGB 
Hybrid 

51 
min 12 

36 
94 
42 

- 
- 
- 

Azagra83 
1999 
Belgium 
 

>40 
or ≤40 co-mo 

VBG 
Restrictive 

 

68† 

min 9 
36 
87 
43 

- 
- 
- 

De Wit84 
1999 
Netherlands 

>40 
1 

AGB 
Restrictive 

50 
12 

- 
68 
51 

6 
- 

12 
US United States of America, NIH National Institutes of Health indication for surgery; >40 kg/m2 or >35 kg/m2 with co-morbidity, DM 
diabetes mellitus, the – indicates that the value was not reported, AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, 
VBG vertical banded gastroplasty 
* median 
†4 participants analyzed according to the surgery they received (open) not the surgery they were assigned (lap)
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Table A-5:  Description of included clinical trials: Operative technical manoeuvre comparisons 
Author, 

Year, 
Country 

Design: 
Eligible BMI 

(kg/m2), 
No of 

surgeons 
[pre-surgery 

diet] 

Surgery: 
Type, 

Category, 
Route 

Variation Design: 
Sample size, 

Months of 
follow-up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI (kg/m2) 

 

Co-morbidities: 
% DM, 

% dyslipidemia, 
% HTN 

 

Shang108 
2009 
Germany 
 

>40 
1 

RYGB 
Hybrid 

Lap 

Circular stapled anastomosis: 
transoral vs transabdominal 

 

20 
12 

35 
70 
52 

- 
- 
- 

Silecchia103 
2008 
France, Italy 
 

40-59 
6 sites 

RYGB 
Hybrid 

Lap 

Fibrin glue placed on gastro-jejunal 
and jejuno-jejunal anastomoses: 

sealant vs none 
 

324 
18-42 

41 
77 
47 

- 
- 
- 

Dapri52 
2007 
Belgium 
 

- 
- 

Sleeve 
gastrectomy 

Primarily 
restrictive 

Lap 
 

When to staple: after full 
devascularisation and mobilization 
of the gastric curve vs as soon as 

lesser sac is entered 
 

40 
12 

 

46† 
55 
45† 

- 
- 
- 

Fisher56 
2007 
US 
 

- 
3 

RYGB 
Hybrid 

Lap 

Stapler used to form gastrojejunal 
anastomosis: 21 mm vs 25 mm 

 

200 
6-18 

44 
81 
48 

22 
37 
43 

 
Miller54 
2007 
Austria 

NIH 
1 site 

RYGB 
Hybrid 

Lap 

Staple line reinforcement: 
polyglycolide acid and trimethylene 

carbonate vs none 
 

48 
12 

35 
71 
50 

- 
- 
- 

Nguyen62 
2005 
US 
 

40-60 
1 site 

RYGB 
Hybrid 

Lap 

Staple line reinforcement: 
glycolic copolymer sleeves vs none 

 

34 
- 

44 
88 
46 

- 
- 
- 

Angrisani67 
2004 
Italy 
 

- 
1 site 

RYGB 
Hybrid 

Lap 

Pericardial strips on linear stapler: 
bovine vs none 

98 
- 

36 
78 
50 

- 
- 
- 

Champion72 
2003 

- 
1 

RYGB 
Hybrid 

Row stapler: 
Endo-GIA Universal 6 vs ETS-Flex 

100 
mean 4 

44 
- 

- 
- 
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Table A-5:  Description of included clinical trials: Operative technical manoeuvre comparisons 
Author, 

Year, 
Country 

Design: 
Eligible BMI 

(kg/m2), 
No of 

surgeons 
[pre-surgery 

diet] 

Surgery: 
Type, 

Category, 
Route 

Variation Design: 
Sample size, 

Months of 
follow-up 

Demographics: 
Mean age (y), 

% female, 
Mean BMI (kg/m2) 

 

Co-morbidities: 
% DM, 

% dyslipidemia, 
% HTN 

 

US 
 

Lap 6 
 

49 - 

Derzie82 
2000 
US 
 

- 
- 

RYGB, VBG 
Hybrid 
Open 

Wound closure: interrupted vs 
continuous 

331* 
1 

- 
- 

49 

- 
- 
- 

Brolin86 
1996 
US 
 

- 
1 

RYGB, VBG 
Hybrid 
Open 

Wound closure: interrupted vs 
continuous  

229 
mean 29 

38 
81 
52‡ 

- 
- 
- 

Shaffer91 
1987 
US 
 

- 
1 site 

RYGB 
Hybrid 

Lap 

Drain for wound: closed suction vs 
none 

194 
1 

38 
80 
46‡ 

8 
- 
- 

McNeill94 
1986 
US 

- 
1 site 

RYGB, GP 
Hybrid/ restrictive 

Open 

Wound closure: interrupted vs 
continuous 

105 
mean 19 

36 
83 
53‡ 

- 
- 
- 

       
US United States of America, NIH National Institutes of Health indication for surgery; >40 kg/m2 or >35 kg/m2 with co-morbidity, DM diabetes mellitus, the – indicates that the value was 
not reported, GP gastroplasty, RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, CCHS Canadian Community Health Survey 
*12% of participants had revision surgeries 

† median 
‡ imputed from absolute or excess weight estimates using a height of 1.618 m (5’3.7 feet, the mean height of a 40 year Canadian woman [2005 CCHS]) 
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Table A-6:  Quality assessment of included clinical trials: Surgical procedure comparisons 

 

Nguyen47 
2009 

 

Karamanakos51 
2008 

 

Angrisani57 
2007 

 

Skroubis58

2006 
 

Lange48 
2005 

Lee63 
2005 

 

Olbers64 
2005 

Van  
Dielen61 

2005 
 

Lee68 
2004 

 

Description of 
participant 
selection 
 

Adequate Inadequate 
 

Adequate Partial Partial Adequate 
 

Partial Adequate 
 
 

Adequate 

Description of the 
therapeutic 
regimen 
 

Adequate Adequate 
 

Adequate Adequate 
 

Adequate Adequate 
 

Adequate Adequate 
 

Adequate 

Was the 
allocation to 
treatment 
concealed?* 

 

Adequate Adequate 
 

Adequate Unclear 
 

Unclear Adequate 
 

Unclear Unclear 
 

Adequate 

Was the 
described 
randomization 
method 
appropriate? 
 

na Yes na na na na Yes Yes na 

Was the trial 
described as 
double-blind?* 

 

No Yes† 
 

No No 
 

No No No No 
 
 

No 

Description of 
blinding 
assessment 
 

na Yes 
 

na na 
 

na na na na 
 

na 

Description of 
sample size 
calculation 
 

Yes Yes No No No Yes Yes No 
 

No 

Was the design 
described as 
intention-to-treat? 
 

Yes Yes No No No No No No 
 

Yes 
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Table A-6:  Quality assessment of included clinical trials: Surgical procedure comparisons 

 

Nguyen47 
2009 

 

Karamanakos51 
2008 

 

Angrisani57 
2007 

 

Skroubis58

2006 
 

Lange48 
2005 

Lee63 
2005 

 

Olbers64 
2005 

Van  
Dielen61 

2005 
 

Lee68 
2004 

 

Was this a 
preliminary 
analysis? 
 

No Yes No No No No No No 
 

No 

Was there a 
description of 
withdrawals and 
dropouts?* 

 

Partial 
31% 

Yes 
0% 

Yes 
2% 

Partial 
10% 

No Yes 
0% 

Yes 
21% 

Yes 
0% 

No 
 

Were adverse 
events reported 
adequately? 
 

Yes No Yes Yes No Yes Yes Yes Yes 

What were the 
source(s) of 
funding?* 

 

Public - - - - - Public Public - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate 
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Table A-6:  Quality assessment of included clinical trials: Surgical procedure comparisons (continued) 

 

Morino76 
2003 

 

Mingrone77

2002 
 

Thörne78 
2002 

 

Nilsell79 
2001 

 

Ashy45 
1998 

 

Heindorff105 
1997 

 

Husemann106 
1997 

 

Lundell85 
1997 

 
Description of participant selection 
 

Adequate 
 

Inadequate Adequate Adequate 
 

Partial Partial 
 

Inadequate Inadequate 

Description of the therapeutic regimen 
 

Adequate 
 

Partial Adequate Adequate 
 

Adequate 
 

Partial 
 

Partial Adequate 

Was the allocation to treatment 
concealed?* 

 

Adequate 
 
 

Unclear Unclear Adequate 
 
 

Unclear 
 

Unclear 
 

Inadequate Unclear 

Was the described randomization method 
appropriate? 
 

Yes na na na na na No na 

Was the trial described as double-blind?* 

 
No No No No 

 
No 

 
No No No 

Description of blinding assessment 
 

na 
 

na na na 
 

na 
 

na na na 

Description of sample size calculation 
 

Yes No No No 
 

No No No No 

Was the design described as intention-to-
treat? 
 

No No Yes No 
 

No No No No 

Was this a preliminary analysis? 
 

No No No No 
 

No No No No 

Were adverse events reported 
adequately? 
 

Yes No No Yes Yes Yes No No 

Was there a description of withdrawals 
and dropouts?* 

 

Yes 
0% 

No Partial 
26% 

Partial 
8% 

No No No No 

What were the source(s) of funding?* 

 
- - Public - - - - Public 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate 
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Table A-6:  Quality assessment of included clinical trials: Surgical procedure comparisons (continued) 

 

Howard107 
1995 

 

Maclean87 
1993 

 

Hall89 
1990 

 

Agren46 
1989 

 

Andersen90 
1987 

 

Sugerman92 
1987 

 

Naslund93 
1986 

 

Description of participant selection 
 

Partial 
 

Inadequate 
 

Adequate Inadequate Inadequate 
 

Partial 
 
 

Adequate 
 

Description of the therapeutic regimen 
 

Adequate 
 

Adequate 
 

Adequate 
 

Partial Adequate 
 

Adequate 
 
 

Adequate 
 

Was the allocation to treatment 
concealed?* 

 

Unclear 
 

Unclear 
 

Unclear 
 

Unclear Unclear Adequate 
 
 

Adequate 
 

Was the described randomization 
method appropriate? 
 

na na Yes na na na na 

Was the trial described as double-
blind?* 

 

No 
 

No 
 

No 
 

No Yes† 
 

No 
 

No 
 

Description of blinding assessment 
 

na 
 

na 
 

na 
 

na Yes na 
 

na 
 

Description of sample size calculation 
 

No No Yes No No No No 

Was the design described as intention-
to-treat? 
 

No No No No No No No 

Was this a preliminary analysis? 
 

No No Yes No No No No 

Were adverse events reported 
adequately? 
 

Yes Yes Yes No Yes Yes Yes 

Was there a description of withdrawals 
and dropouts?* 

 

Partial 
5% 

Yes 
1% 

No No No Yes 
0% 

Yes 
0% 

What were the source(s) of funding?* 

 
- - Mixed - Private - - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate 
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Table A-6:  Quality assessment of included clinical trials: Surgical procedure comparisons (continued) 

 
Andersen95 

1984 
Pories96 

1982 
Laws98 
1981 

Lechner97 
1981 

Buckwalter99 
1980 

DOP100 
1979 

Griffen101 
1977 

Description of participant selection 
 

Adequate Partial Adequate Partial 
 

Partial 
 

Adequate Partial 
 

Description of the therapeutic regimen 
 

Adequate 
 

Adequate 
 

Adequate 
 

Adequate 
 

Adequate Adequate Adequate 

Was the allocation to treatment concealed?* 

 
Adequate 

 
Adequate 

 
Adequate 

 
Unclear Unclear Unclear Inadequate 

Was the described randomization method 
appropriate? 
 

na Yes Yes na Yes na No 

Was the trial described as double-blind?* 

 
No 

 
Yes† 

 
No 

 
No 

 
No 

 
No 

 
No 

 
Description of blinding assessment 
 

na 
 

Yes 
 

na 
 

na 
 

na 
 

na 
 

na 
 

Description of sample size calculation 
 

Yes No No No No No No 

Was the design described as intention-to-
treat? 
 

No No No No No No No 

Was this a preliminary analysis? 
 

No No No No No No No 

Were adverse events reported adequately? 
 

Yes Yes Yes Yes Yes Yes Yes 

Was there a description of withdrawals and 
dropouts?* 

 

No Partial 
0% 

No No No Partial 
0% 

No 

What were the source(s) of funding?* 

 
Private - - - Public - - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate 
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Table A-7:  Quality assessment of included clinical trials: Band-related comparisons 

 

Arceo-
Olaiz50 
2008 

 

Bessler55 
2007 

 

Gravante53

2007 
 

Arasaki60 
2005 

 

Suter66 
2005 

 

Kirchmayr69

2004 
 

Weiner81 
2001 

 

Miller104 
1997 

 

Description of participant selection 
 

Partial Adequate Adequate 
 

Adequate 
 

Inadequate Adequate Inadequate 
 

Inadequate 

Description of the therapeutic 
regimen 
 

Adequate Adequate Adequate 
 
 

Adequate 
 
 

Adequate 
 
 

Unclear 
 

Adequate  Partial 

Was the allocation to treatment 
concealed?* 

 

Adequate Adequate Adequate 
 

Unclear 
 

Adequate 
 

Adequate 
 

Unclear 
 

Unclear 

Was the described randomization 
method appropriate? 
 

na na Yes Yes na na na na 

Was the trial described as double-
blind?* 

 

No Yes No 
 

No 
 

No 
 

No 
 

Yes 
 

No 

Description of blinding assessment 
 

na No na 
 

na 
 

na 
 

na No 
 

na 

Description of sample size 
calculation 
 

No No No Yes Yes Yes No No 

Was the design described as 
intention-to-treat? 

No No No No Yes No 
 

No No 

Was this a preliminary analysis? 
 

Yes No No No Yes Yes No Yes 

Were adverse events reported 
adequately? 

Yes Yes Yes Yes Yes Yes Yes Yes 

Was there a description of 
withdrawals and dropouts?* 

 

No No Partial 
11% 

No Partial 
4% 

No 
 

Partial 
1% 

No 

What were the source(s) of 
funding?* 

- Private None - - - - - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate
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Table A-8:  Quality assessment of included clinical trials: Limb-related comparisons 

 

Pinheiro49 
2008 

 

Inabnet65 
2005 

 

Choban74 
2002 

 

Brolin88 
1992 

 

Jewell102 
1975 

 
Description of participant selection 
 

Partial Partial 
 

Adequate 
 

Partial Partial 
 

Description of the therapeutic regimen 
 

Adequate Adequate 
 

Adequate 
 

Adequate 
 

Adequate 

Was the allocation to treatment concealed?* 

 
Unclear Unclear 

 
Unclear Unclear 

 
Adequate 

Was the described randomization method 
appropriate? 
 

na na na na na 

Was the trial described as double-blind?* 

 
No Yes† 

 
No 

 
No 

 
No 

 
Description of blinding assessment 
 

na Yes 
 

na na 
 

na 
 

Was there a description of withdrawals and 
dropouts?* 

 

Yes No Yes Yes No 

Description of sample size calculation 
 

No No No No No 

Was the design described as intention-to-treat? 
 

No No No No No 

Was this a preliminary analysis? 
 

No No No No No 

Were adverse events reported adequately? 
 

No Yes No No No 

Was there a description of withdrawals and 
dropouts?* 

 

Yes 
0% 

No Yes 
2% 

Yes 
64% 

No 

What were the source(s) of funding?* 

 
- - - - - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate 
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Table A-9:  Quality assessment of included clinical trials: Laparoscopic vs open comparisons 

 

Puzziferri59 
2006 

 

Lujan71 
2004 

 

Sundbom70

2004 
 

Davila-
Cervantes73 

2002 
 

Nguyen80 
2001 

 

Westling75

2001 
 

Azagra83 
1999 

 

De Wit84 
1999 

 

Description of participant 
selection 
 

Adequate Partial Inadequate 
 

Adequate 
 

Adequate 
 

Adequate Adequate Adequate 
 

Description of the therapeutic 
regimen 
 

Adequate Adequate Adequate 
 

Adequate 
 

Adequate 
 
 

Adequate Adequate Adequate 
 
 

Was the allocation to treatment 
concealed?* 

 

Adequate Adequate Adequate 
 

Adequate 
 

Adequate 
 

Adequate Unclear Unclear 
 

Was the described randomization 
method appropriate? 

na Yes na na na na na Yes 

Was the trial described as double-
blind?* 

No No No 
 

Yes† No 
 

Yes† 
 

No No 
 

Description of blinding 
assessment 

na na na 
 

Yes na 
 

Yes na na 
 

Description of sample size 
calculation 

No No Yes 
 

No Yes No No Yes 

Was the design described as 
intention-to-treat? 

Yes No Yes No Yes Yes No No 

Was this a preliminary analysis? 
 

No No No 
 

No No 
 

No No No 

Were adverse events reported 
adequately? 

Yes Yes Yes Yes Yes Yes Yes Yes 

Was there a description of 
withdrawals and dropouts?* 

Yes 
25% 

Yes 
0% 

No 
 

Yes 
0% 

Yes 
1% 

Yes 
0% 

No Partial 
2% 

What were the source(s) of 
funding?* 

 

- - - - - - - - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
†method of double-blinding was described and was appropriate 
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Table A-10:  Quality assessment of included clinical trials: Operative technical manoeuvre comparisons 

 

Shang108 
2009 

 

Silecchia103 
2008 

 

Dapri52 
2007 

 

Fisher56 
2007 

 

Miller54 
2007 

 

Nguyen62 
2005 

 
Description of participant selection 
 

Inadequate 
 

Adequate Inadequate Inadequate  Adequate 
 

Adequate 

Description of the therapeutic regimen 
 

Adequate 
 

Adequate Adequate Adequate 
 

Adequate 
 

Adequate 

Was the allocation to treatment concealed?* 

 
Unclear Adequate Adequate 

 
Unclear 

 
Unclear Adequate 

Was the described randomization method 
appropriate? 
 

na Yes na na Yes na 

Was the trial described as double-blind?* 

 
No No No 

 
No 

 
No 

 
No 

Description of blinding assessment 
 

na 
 

na na 
 

na 
 

na na 

Description of sample size calculation 
 

No Yes No Yes Yes No 

Was the design described as intention-to-treat? 
 

No No No No No No 

Was this a preliminary analysis? 
 

No Yes No No No No 

Were adverse events reported adequately? 
 

Yes Yes Yes Yes Yes Yes 

Was there a description of withdrawals and 
dropouts?* 

 

No Yes 
1% 

Yes 
3% 

Yes 
0% 

No 
 

No 
 

What were the source(s) of funding?* 

 
- - Private - None - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
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Table A-10:  Quality assessment of included clinical trials: Operative technical manoeuvre comparisons (continued) 

 

Angrisani67 
2004 

 

Champion72 
2003 

 

Derzie82 
2000 

 

Brolin86 
1996 

 

Shaffer91 
1987 

 

McNeil94 
1986 

 
Description of participant selection Inadequate Inadequate Inadequate 

 
Inadequate 

 
Inadequate 

 
Inadequate 

 
Description of the therapeutic regimen 
 

Adequate 
 

Adequate 
 

Adequate Adequate 
 

Adequate 
 

Adequate 
 

Was the allocation to treatment concealed?* 

 
Unclear 

 
Adequate 

 
Inadequate 

 
 

Unclear 
 

Unclear Unclear 

Was the described randomization method 
appropriate? 
 

Yes na No No na No 

Was the trial described as double-blind?* 

 
No 

 
No 

 
No No 

 
No 

 
No 

 
Description of blinding assessment 
 

na 
 

na 
 

na na 
 

na 
 

na 
 

Description of sample size calculation 
 

No 
 

No 
 

No No No No 

Was the design described as intention-to-
treat? 
 

No 
 

No 
 

No No No No 

Was this a preliminary analysis? 
 

No 
 

No 
 

No No No No 

Were adverse events reported adequately? 
 

Yes Yes Yes Yes Yes Yes 

Was there a description of withdrawals and 
dropouts?* 

 

No 
 

No 
 

No Partial 
35% 

No No 

What were the source(s) of funding?* 

 
- Private - - - - 

na not applicable, the – indicates that the item was not reported 
*items have empirical evidence 
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APPENDIX 5: FIGURES FOR CLINICAL REVIEW 
 

Figure A-4: All-cause mortality: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, JB jejunoileal bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded gastroplasty, AGB adjustable gastric banding, GB gastric 
bypass, BPD biliopancreatic diversion, HBG horizontal banded gastroplasty, N number of trials, I2 percentage of between-study statistical heterogeneity, n number of participants, RD 
risk difference, CI confidence interval
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Figure A-5: Control of comorbidity: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded gastroplasty, AGB adjustable 
gastric banding, BPD biliopancreatic diversion, DM diabetes mellitus, HTN hypertension, GERD gastroesophageal reflux disease, N 
number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-6: Length of stay: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded gastroplasty, AGB adjustable 
gastric banding, N number of trials, I2 percentage of between-study statistical heterogeneity, n number of participants, MD difference 
of means, CI confidence interval 
 

Figure A-7: Readmission: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, JB jejunoileal bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded gastroplasty, 
AGB adjustable gastric banding, N number of trials, n number of participants, RR risk ratio, CI confidence interval 
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Figure A-8: Health-related quality of life: Surgical procedure comparisons 

 

 
RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, AGB adjustable gastric banding, GIQLI Gastrointestinal 
Quality-of-Life Index, SF-36 Medical Outcomes Study 36-item Short Form, N number of trials, MD difference of means, CI 
confidence interval, NS non-significant 

 



  A-54

Figure A-9: Body mass index: Surgical procedure comparisons - All direct evidence 

 
RYGB Roux-en-Y gastric bypass, JB jejunoileal bypass, biliopancreatic diversion, HG Horizontal (un-banded) gastroplasty, VBG 
vertical banded gastroplasty, AGB adjustable gastric banding, N number of trials, I2 percentage of between-study statistical 
heterogeneity, n number of participants, MD difference of means, CI confidence interval 
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Figure A-10: Body mass index at one year: Surgical procedure comparisons -  
Indirect and direct evidence 

 
JB jejunoileal bypass, GB gastric bypass, BPD biliopancreatic diversion, HG Horizontal (un-banded) gastroplasty, VBG vertical 
banded gastroplasty, AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, MD difference of means, CrI credible 
interval, CI confidence interval 
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Figure A-10 Body mass index at one year: Surgical procedure comparisons –  
Indirect and direct evidence [continued] 

 
BPD biliopancreatic diversion, RYGB Roux-en-Y gastric bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded 
gastroplasty, AGB adjustable gastric banding, MD difference of means, CrI credible interval, CI confidence interval 
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Figure A-11: Body mass index at two years: Surgical procedure comparisons -                                    
Indirect and direct evidence 

 
JB jejunoileal bypass, BPD biliopancreatic diversion, GB gastric bypass, RYGB Roux-en-Y gastric bypass, AGB adjustable gastric 
banding, VBG vertical banded gastroplasty, MD difference of means, CrI credible interval, CI confidence interval 
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Figure A-12: Body mass index at three to five years: Surgical procedure comparisons –                  
Indirect and direct evidence 

 
JB jejunoileal bypass, RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, AGB adjustable gastric banding, HG 
Horizontal (un-banded) gastroplasty, MD difference of means, CrI credible interval, CI confidence interval 
 

Figure A-13: Body contouring: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded gastroplasty, N number of trials, n 
number of participants, RR risk ratio, CI confidence interval 
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Figure A-14: Reoperations: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, GB gastric bypass, BPD biliopancreatic diversion, VBG vertical banded gastroplasty, AGB 
adjustable gastric banding, JB jejunoileal bypass, HG Horizontal (un-banded) gastroplasty, N number of trials, I2 percentage of 
between-study statistical heterogeneity, n number of participants, RD risk difference, CI confidence interval 
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Figure A-15: Failed surgeries: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, biliopancreatic diversion, VBG vertical banded gastroplasty, AGB adjustable gastric banding, JB 
jejunoileal bypass, HG Horizontal (un-banded) gastroplasty, N number of trials, I2 percentage of between-study statistical 
heterogeneity, n number of participants, RD risk difference, CI confidence interval 
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Figure A-16: Reversals: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, BPD biliopancreatic diversion, JB jejunoileal bypass, AGB adjustable gastric banding, VBG 
vertical banded gastroplasty, N number of trials, I2 percentage of between-study statistical heterogeneity, n number of participants, 
RD risk difference, CI confidence interval 
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Figure A-17: Gastrointestinal disturbances: Surgical procedure comparisons 

 
RYGB Roux-en-Y gastric bypass, HG Horizontal (un-banded) gastroplasty, JB jejunoileal bypass, VBG vertical banded gastroplasty, 
AGB adjustable gastric banding, N number of trials, I2 percentage of between-study statistical heterogeneity, n number of 
participants, RD risk difference, CI confidence interval 
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Figure A-18: Serious surgical sequelae: Surgical procedure comparisons - Early 

 
RYGB Roux-en-Y gastric bypass, JB jejunoileal bypass, GB gastric bypass, BPD biliopancreatic diversion, HG Horizontal (un-
banded) gastroplasty, VBG vertical banded gastroplasty, AGB adjustable gastric banding, HBG horizontal banded gastroplasty, N 
number of trials, I2 percentage of between-study statistical heterogeneity, n number of participants, RD risk difference, CI confidence 
interval 
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Figure A-19: Serious surgical sequelae: Surgical procedure comparisons - Late 

 

 
RYGB Roux-en-Y gastric bypass, JB jejunoileal bypass, BPD biliopancreatic diversion, HG Horizontal (un-banded) gastroplasty, 
VBG vertical banded gastroplasty, AGB adjustable gastric banding, HBG horizontal banded gastroplasty, N number of trials, I2 
percentage of between-study statistical heterogeneity, n number of participants, RD risk difference, CI confidence interval 
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Figure A-20: Serious surgical sequelae: Surgical procedure comparisons - Early/late 

 
RYGB Roux-en-Y gastric bypass, HG Horizontal (un-banded) gastroplasty, VBG vertical banded gastroplasty, AGB adjustable 
gastric banding, JB jejunoileal bypass, N number of trials, I2 percentage of between-study statistical heterogeneity, n number of 
participants, RD risk difference, CI confidence interval 
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Figure A-21: All-cause mortality: Band-related comparisons 

 
AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, N number of trials, I2 percentage of between-study statistical 
heterogeneity, n number of participants, RD risk difference, CI confidence interval 
 
 

Figure A-22: Control of comorbidity: Band-related comparisons 

 
RYGB Roux-en-Y gastric bypass, DM diabetes mellitus, GERD gastroesophageal reflux disease, HTN hypertension, N number of 
trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-23 Length of stay: Band-related comparisons 

 
AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, N number of trials, n number of participants, MD difference of means, CI confidence interval 
 
 

Figure A-24 Health-related quality of life: Band-related comparisons 

 
AGB adjustable gastric banding, N number of trials, n number of participants, MD difference of means, CI confidence interval, NS non-significant 
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Figure A-25: Body mass index: Band-related comparisons 

 
RYGB Roux-en-Y gastric bypass, AGB adjustable gastric banding, N number of trials, n number of participants, MD difference of means, CI confidence interval 
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Figure A-26: Reoperations: Band-related comparisons 

 
AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, N number of trials, n number of participants, RD risk difference, CI confidence interval 
 



  A-70

Figure A-27: Failed surgeries: Band-related comparisons 

 
AGB adjustable gastric banding, N number of trials, n number of participants, RD risk difference, CI confidence interval 
 
 

Figure A-28: Reversals: Band-related comparisons 

 
AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-29: Gastrointestinal disturbances: Band-related comparisons 

 
RYGB Roux-en-Y gastric bypass, N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-30: Serious surgical sequelae: Band-related comparisons 
 

 
 
 
AGB adjustable gastric banding, RYGB Roux-en-Y gastric bypass, N number of trials, I2 percentage of between-
study statistical heterogeneity, n number of participants, RD risk difference, CI confidence interval 
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Figure A-31: All-cause mortality: Limb-related comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
 
 

Figure A-32: Control of comorbidity: Limb-related comparisons 

 
DM diabetes mellitus, GERD gastroesophageal reflux disease, HTN hypertension, N number of trials, n number of 
participants, RD risk difference, CI confidence interval 
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Figure A-33: Length of stay: Limb-related comparisons 

 
N number of trials, n number of participants, MD difference of means, CI confidence interval 
 
 

Figure A-34: Body mass index: Limb-related comparisons 

 
N number of trials, n number of participants, MD difference of means, CI confidence interval 
 
 

Figure A-35: Reoperations: Limb-related comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-36: Failed surgeries: Limb-related comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-37: Gastrointestinal disturbances: Limb-related comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
 
 

Figure A-38: Serious surgical sequelae: Limb-related comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-39: All-cause mortality: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, N number of trials, I2 percentage of between-
study statistical heterogeneity, n number of participants, RD risk difference, CI confidence interval 
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Figure A-40: Control of comorbidity: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, DM diabetes mellitus, GERD gastroesophageal reflux disease, HTN 
hypertension, N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-41: Length of stay: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, AGB adjustable gastric banding, N number of 
trials, I2 percentage of between-study statistical heterogeneity, n number of participants, MD difference of means, CI 
confidence interval 
 
 

Figure A-42: Readmission: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, AGB adjustable gastric banding, N number of trials, I2 percentage of between-
study statistical heterogeneity, n number of participants, RR risk ratio, CI confidence interval 
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Figure A-43: Health-related quality of life: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, SF-36 Medical Outcomes Study 36-item Short Form, N number of trials, I2 
percentage of between-study statistical heterogeneity, n number of participants, MD difference of means, CI 
confidence interval 
 

Figure A-44 Body mass index: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, AGB adjustable gastric banding, N number of 
trials, I2 percentage of between-study statistical heterogeneity, n number of participants, MD difference of means, CI 
confidence interval 
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Figure A-45 Reoperations: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, AGB adjustable gastric banding, N number of 
trials, I2 percentage of between-study statistical heterogeneity, n number of participants, RD risk difference, CI 
confidence interval 
 
 

Figure A-46: Reversals: Laparoscopic vs open 

 
AGB adjustable gastric banding, N number of trials, n number of participants, RD risk difference, CI confidence 
interval 
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Figure A-47: Gastrointestinal disturbances: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, N number of trials, I2 percentage of between-study statistical heterogeneity, n 
number of participants, RD risk difference, CI confidence interval 
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Figure A-48: Serious surgical sequelae: Laparoscopic vs open 

 
RYGB Roux-en-Y gastric bypass, AGB adjustable gastric banding, VBG vertical banded gastroplasty, N number of 
trials, I2 percentage of between-study statistical heterogeneity, n number of participants, RD risk difference, CI 
confidence interval 
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Figure A-49: All-cause mortality: Operative technical manoeuvre comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
 
 

Figure A-50: Length of stay: Operative technical manoeuvre comparisons 
 

N number of trials, n number of participants, MD difference of means, CI confidence interval 
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Figure A-51 Body mass index: Operative technical manoeuvre comparisons 

 
N number of trials, n number of participants, MD difference of means, CI confidence interval 
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Figure A-52: Reoperations: Operative technical manoeuvre comparisons 

 
RYGB Roux-en-Y gastric bypass, N number of trials, n number of participants, RD risk difference, CI confidence 
interval 
 
 

Figure A-53: Reversals: Operative technical manoeuvre comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-54: Gastrointestinal disturbances: Operative technical manoeuvre comparisons 

 
N number of trials, n number of participants, RD risk difference, CI confidence interval 
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Figure A-55: Serious surgical sequelae: Operative technical manoeuvre comparisons 

 
RYGB Roux-en-Y gastric bypass, N number of trials, I2 percentage of between-study statistical heterogeneity, n 
number of participants, RD risk difference, CI confidence interval 
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APPENDIX 6: TABLES FOR ECONOMIC REVIEW 

Table A-11: Description of included cost-effectiveness studies 

 Picot113 2009 Keating123 2009 Salem114 2008 Ackroyd115 2006 Van Mastrigt121 2006 

Objective To compare the cost-effectiveness of 
gastric bypass, gastric banding, and non-

surgical treatment in an UK cohort eligible 
for bariatric surgery. 

To estimate the cost-
effectiveness of LAGB 

compared with 
conventional therapy in 

obese adults with T2DM. 

To estimate the cost-
effectiveness of 

LAGB, LRYGB and 
non-operative 

treatment. 

To estimate the cost-
effectiveness and budget 

impact of bariatric 
surgery compared with 

conventional treatment in 
obese patients with 

T2DM in whom 
conventional treatment 

has failed. 
 

To evaluate the one-year 
cost-effectiveness of VBG 

vs LapBand 

Population Baseline cohort: morbidly obese 
mean age 40, mean BMI 45, 90% female; 

failure to achieve weight loss with standard 
therapy in past 6 months; 10% with T2DM 
Moderately to severely obese with T2DM 

(2) 
Mean BMI 37; characteristics of Dixon 

trial131 
Moderately obese (3) 

30<BMI<35; characteristics of O’Brien 
trial122 

 

60 obese adults; mean 
BMI=37; recent diagnosis 

(<2 years) of T2DM 
enrolled in RCT 

Men and women aged 
35, 45 and 55, with a 

BMI of 40, 50, and 60, 
and no comorbidities. 

Hypothetical cohort of 
patients with BMI ≥ 35 
and T2DM in whom 1 

year of medical treatment 
has failed 

Mean age not reported 

100 patients (mean age 38, 
mean BMI 46, 80% 

female) were randomly 
assigned to either VBG or 

LapBand; 
baseline differences in 

disability status 

Setting UK 
Cohort (2) based on Dixon RCT (Australia) 

Cohort (3) based on O’Brien 

Australia 
2-year RCT; 30 patients in 

each treatment group 

US Germany, UK and 
France 

Netherlands, April 1999-
December 2002 

Single blinded controlled 
RCT (Eligibility: BMI>40 

or 35-40 with 
comorbidities; 18≤age<60) 

 
Comparators Cohort (1) 

-GBP 
-AGB 

-non-surgical management (consults and 

Conventional therapy 
Min 1 visit with GP, 

dietician, nurse or diabetes 
educator every 6 weeks 

LAGB 
LRYGB 

Non-operative 
treatment (not 

Conventional treatment 
(country-specific) 

1 year of continued 
intensive medical 

VBG 
LapBand Gastroplasty 
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VLCD) 
Cohort (2) 

-AGB 
-non-surgical management (as per Dixon) 

Cohort (3) 
-AGB 

-non-surgical weight loss programme (as 
per O’Brien) 

 

Customized medical 
therapies 

Lifestyle modification 
program (diet, exercise) 

LAGB 

specified) 
 

treatment 
4 years of medical 

monitoring 
LAGB 
LGBP 

Form of 
economic 
analysis 

Cost-utility analysis Cost-effectiveness analysis 
(cost per life-year gained) 

Cost-utility analysis 
 

Cost-utility analysis Cost-utility analysis Cost-utility analysis, cost-
effectiveness analysis 

Perspective Health care system (UK) Health care system Health care payer Healthcare payer 
(Germany, UK, France) 

Societal 

Timeframe Cohort (1) 
-20 years 

Cohorts (2) and (3) 
-2 years (trial only) 

-5 years 
-20 years 

 

Lifetime Lifetime (3 year 
treatment time frame) 

5-year follow-up 1 year after surgery 

Clinical 
effectiveness 
data source 

- Previous report (Clegg, 2002) 
- Dixon RCT 

- O’Brien RCT 
- SOS used for medium and long-term 
extrapolation for cohorts (1) and (2) 

- assumes BMI reverts to baseline for 
cohort (3) 

Australian RCT (n=60) for 
effectiveness at 2 years. 

Extrapolation over patient 
lifetime uses data from 
observational studies 

Observational studies 
with 36 months of 

follow up (cohort and 
case series studies) 

 
Study outcomes 

include survival, BMI, 
and complications 

 

LAGB 
13 publications (BMI, 

T2DM prevalence, 
complication rates) 

T2DM prevalence was 
extrapolated for years 4 

and 5 
LGBP 

11 publications (BMI, 
T2DM prevalence) 

T2DM prevalence was 
extrapolated for years 4 

and 5 
2 literature reviews 
(complication rates) 

Conventional treatment 
Small and 1-year 

reduction in mean BMI (-

% EWL at 12 months and 
EQ-5D index scores at 3, 6 
and 12 months from RCT 

(n=100) 
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2) and T2DM relative 
prevalence (-20%) 

assumed from literature 
 

Quality of life  Utility score per unit change in BMI based 
on Hakim130 

Estimates for obese populations with and 
without diabetes 

 

QALY for patients with 
remission assumed 

identical to that of general 
population (0.84) 

Mean utility (0.80) for 
patients with diabetes based 

on DiabCost survey; 
weighted according to 

duration of disease 
 

Utilities based on 
gender, age, BMI 
according to 1997 
National Health 

Interview Survey 
Based on non-bariatric 

surgical population 
No utility decrement 
for obesity related 

diseases or 
complications 

QALYs based on 
relationship between EQ-

5D score and BMI by 
T2DM status from 

HODaR database (obese 
and non-obese 

individuals) 
Assumes linear 

relationship 
No utility decrement for 

other obesity related 
diseases, hospitalization, 

complications 
 

EQ-5D index scores 
multiplied by duration of 
time spent in each state to 

obtain QALY. 
 

Direct costs Initial surgery 
Preoperative assessment 

Hospital admission 
Band adjustments 

Complications and reoperation 
Hernia repair and cholecystectomy 

Resource use for T2DM, AMI, stroke 
 

Costs at 2 years directly 
measured in RCT 

Lifetime surgery costs 
(lifetime maintenance 

costs, lifetime complication 
costs) 

Diabetes remission-
monitoring costs 

Diabetes treatment costs 
(medication, consultations, 
in-hospital costs); weighted 
by duration and age; 43% 

of costs applied to 
remitting patients 

 

Usual-care medical 
costs from surgery 
(procedural fees, 

complications, follow-
up care, obesity-related 

diseases) 
Lifetime medical costs 
based on age, gender, 

BMI according to 
Framingham Heart 

Study and 3rd National 
Health and Nutrition 
Examination Survey 
(linear approximation 

for high BMIs) 
Medication costs 

No costs associated 
with non-operative 

treatment 
 

Missing costs: preop 
care, healthcare 

Surgery 
Preoperative assessment 
Initial hospital admission 

Follow-up (5 years) 
Complication costs 

 
Conventional treatment 

(country-specific) 
Consultations, lab 
assessments, food 

substitutes in year 1 
GP consultations and lab 

assessments in year 2 
through 5 

 
Cost of diabetic 

treatment (different 
population: older, lower 

BMI) 
 

Costs of hospitalization 
(initial, repeat), outpatient 

care, prescribed 
medication, primary care 

Collected from 
observational study 
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professional visits, 
capital costs 

 
Indirect costs N/A N/A N/A N/A Non-medical costs (costs 

of informal care, 
productivity losses) 

Assumed to be incurred 
only in the first 3 months 

after surgery 
Missing costs: 
transportation 

 
Data modeling 
details 

Cohort (1) 
Weight loss based on summary evidence 
Diabetes resolution based on SOS128 and 

other evidence 
Cohort (2) 

Weight loss based on Dixon 
2-year diabetes resolution based on Dixon 

then revert to baseline 
2-year change in BP and lipids based on 

Dixon then revert to baseline 
Cohort (3) 

2-year weight loss based on O’Brien then 
revert to baseline 

2-year change in BP and lipids based on 
O’Brien then revert to baseline 

 
BMI-specific diabetes incidence 

CHD based on BP and HDL (not available 
for cohort 1) 

Stroke risk based on BP and HDL (not 
available for cohort 1) 

 

No modeling of other 
chronic diseases prevented 

through weight loss 
Remission possible only 

after 3 years 
Relapse of diabetes 

assumed identical to that in 
SOS and Greenville series 

 

No modeling of 
postoperative 
complications 

No weight gain in 
treated population 

beyond 3 years 
If non-operative 

treatment, assumed 
unchanged BMI 

Assumes no differential 
operative mortality and 

mortality associated with 
co-morbidities 

QALYs integrate the 
increase in the EQ-5D 
utility score and the 

duration of the increase 
No crossover from one 
treatment to the other 
Assumes relationship 

between BMI and utility 
is linear 

Average complication 
cost incurred in year 1 

(due to uncertain timing 
of complications) 

T2DM is binary, no 
degrees of severity or 

complications 
Probability of T2DM in 
one year independent of 
BMI or T2DM status in 

previous year 

Concurrent single-blind 
RCT 

Decision 
modeling 
details 

State transition (model diagram provided) Decision tree (model 
diagram provided); Markov 

modeling 

Decision tree (model 
diagram provided) 

Decision tree (model 
diagram not provided) 
LAGB and LGBP not 

compared directly 

N/A 
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Sensitivity 
analysis 
approach 

One-way analyses on costs, utility, surgeon 
experience 

For cohort (1), all analyses also performed 
for a pessimistic estimate of weight loss 

(based on Angrisani55 RCT) 
For cohort (2), model tested for gradual 

decline in weight and varying effectiveness 
on BP and HDL 

For cohort (3), sensitivity analysis on 
weight reduction not reported 

Probabilistic sensitivity analysis performed 
for cohorts (2) and (3) 

 

Annual maintenance and 
complication costs 

(increased by 100%) 
Outpatient medical costs 

RR of remission with 
surgery compared to 
conventional therapy 

Utility loss from T2DM 
Mortality in remitting 

population 
Mortality after LAGB 

 

Procedural costs 
EBWL 

Need for revisional 
surgery 

Perioperative mortality 

Results by BMI 
reduction and % patients 

free from T2DM 
Worse case scenario: 

LAGB and LGBP 20% 
less effective, 

conventional treatment is 
low-cost watchful 

waiting (no BMI or 
T2DM reduction) 

No variation in costs, 
discount rate, utility 

measures 

Personnel cost (worst case, 
best case) 

Unit prices of inpatient 
days (worst case, best 

case) 
Excluding non-medical 

costs (payer perspective) 
Probabilistic analysis with 

costs and QALYs 
No testing of uncertainty 

around clinical 
effectiveness or utility 

Currency and 
year 

UK 2007/08 AUD 2006 US 2004 £, € 2005 
1999 for diabetic 

treatment (not adjusted) 
 

Euro (converted from 
guilder for 1999) 

Important 
findings from 
sensitivity 
analysis 

Cohort (1) 
Both surgeries cost-effective even under 

pessimistic estimate of weight loss 
Cohort (2) 

100% probability of surgery being cost-
effective (WTP = £30,000) at 20 years 

50.6% probability of surgery being cost-
effective at 2 years if assumes weight loss 
does not occur immediately after surgery 

Cohort (3) 
98% probability of surgery being cost-

effective at 20 years 
0% probability of surgery being cost-

effective at 2 years 
Surgical therapy dominant at 57% and 

cost-effective at 98% 
 

Probability that surgical 
therapy dominant is 57%, 
and cost-effective (using 

threshold of 50,000 
AUD/QALY) is 98% 

Main driver is health care 
cost to treat diabetes 

Mean duration of remission 
must be >=2 years (for 
cost-effectiveness) and 

>=10 years (for dominance) 

LRYGB and LAGB 
cost-effective at < 

$25,000 per QALY in 
all analyses. 

ICER for LAGB < 
ICER for LRYGB for 

all cases, although 
these 2 strategies never 

directly compared 
(compared to non 
surgically treated 

subjects) 
LAGB cost-saving in 

certain groups 
Analysis most 

sensitive to rate of 
operative mortality 

(LRYGB), weight loss, 
operation cost, 

frequency of band 
removal (LAGB). 

LGBP remains cost-
saving over 5 years in 

Germany and France and 
dominates conventional 

treatment 
LAGB remains cost-

saving in Germany and 
becomes cost-effective 

(rather than cost-saving) 
in France 

LGBP and LAGB remain 
cost-effective in the UK 

 

Costs sensitivity analyses 
did not impact results 

Excluding non-medical 
costs, less evidence that 
LapBand is more cost-

effective. LapBand 
associated with lower non-

medical costs due to 
smaller outside help and 
losses in productivity. 

 



  A-94

 
UK United Kingdom, LAGB laparoscopic adjustable gastric banding, T2DM type 2 diabetes mellitus, LRYGB laparoscopic Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, BMI 
body mass index, RCT randomized controlled trial, GBP gastric bypass, AGB adjustable gastric banding, VLCD very low calorie diet, GP general practitioner, EWL excess weight loss, EQ-5D 
European quality of life-5 dimensions, QALY quality-adjusted life years, HODaR Health Outcomes Data Repository, AMI acute myocardial infarction, SOS Swedish Obesity Study, BP blood 
pressure, CHD coronary heart disease, HDL high density lipoproteins, RR relative risk, EBWL excess body weight loss, AUD Australian dollar, WTP willingness-to-pay, ICER incremental cost-
effectiveness ratio, ICUR incremental cost-utility ratio, RYGB Roux-en-Y gastric bypass, QoL quality of life, OGBP open gastric bypass, LGBP laparoscopic gastric bypass, ASGB adjustable 
silicone gastric banding 

 
 
 

 

Base case 
results 

 
Cohort (1) 

ICER for AGB: £3,566 (£1,897 for 1.88 
incremental QALYs) 

ICER for GBP: £6,263 (£3,160 for 1.98 
incremental QALYs) 

Cohort (2) 
2-year ICER: £18,930 
20-year ICER: £1,367 

Cohort (3) 
2-year ICER: £60,754 

20-year ICER: £12,763 
 

 
LAGB is dominant: saves 
$2,444 for a gain of 0.7 

life-years and 1.2 QALYs 
 

 
LAGB vs. non 

operative treatment (at 
age 35, BMI 40) 

$11,604 /QALY men 
$8,878/QALY women 

LRYGB vs. non-
operative treatment (at 

age 35, BMI 40) 
.$18,543/QALY for 

men 
$14,680/QALY for 

women 
 

 
ICUR, LGBP, Germany: 

-€3,754 per QALY 
ICUR, LAGB, Germany: 

-€3,488 per QALY 
ICUR, LGBP, France: -

€4,385 per QALY 
ICUR, LAGB, France: -

€4,357 per QALY 
ICUR, LGBP, UK: 
£1,517 per QALY 

ICUR, LAGB, UK: 
£1,929 per QALY 

 

 
Costs and QALY gains not 

significantly different 
%EWL significantly 

greater for VBG 
€105.80 per extra %EWL 

for VBG 
 

Conclusions  
Surgical management of morbid obesity, 

moderate to severe obesity in patients with 
T2DM, and moderate obesity was more 

costly than non-surgical management but 
resulted in improved outcomes. For 
moderate obesity, cost-effectiveness 

depends on the time horizon considered. 
 

 
“Surgically induced weight 

loss is a dominant 
intervention (it both saves 

health care costs and 
generates health benefits) 

for managing recently 
diagnosed T2DM in class 

I/II obese patients in 
Australia.” 

 

 
“Both operative 
interventions for 

morbid obesity, LAGB 
and RYGB, were cost-
effective at <$25,000 
and that LAGB was 
more cost-effective 
than RYGB for all 

base-case scenarios.” 
 

 
“In patients with T2DM 

and BMI ≥ 35kg/m2, 
AGB and GBP are 
effective at 5-year 

follow-up and cost-
saving in Germany and 
France, and are cost-

effective in the UK with 
a moderate budget 

impact vs conventional 
treatment.” 

 

 
“At 1 year after surgery, 
the costs and QoL of the 
two treatment modalities 
were found to be equal. 

Therefore, the selection of 
the procedure can be based 

on the clinical aspects, 
effectivity and safety at 1 

year.” 
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Table A-11: Description of included cost-effectiveness studies (continued) 

 Jensen116 2005 Paxton117 2005 Clegg122 2002 Craig119 2002 

Objective To estimate the cost-
effectiveness of a diet and 
exercise intervention at an 
early age (18yr) compared 

with OGBP later in life 
(40yr). 

 

To estimate the cost-
effectiveness of LGBP 
compared with OGBP. 

To estimate the cost-
effectiveness of four 
interventions on the 

morbidly obese. 

To estimate the cost-
effectiveness of OGBP vs 

no treatment. 

Population Hypothetical cohort of 
morbidly obese white 
women, who either 

underwent diet/exercise 
intervention at age 18 or 
underwent OGBP at age 

40. 

Summary of demographics 
for 24 studies: 

LGBP group: mean age 
41.4, 83.6% female, BMI 

48.4 
OGBP group: mean age 

39.0, 86.1% female, BMI 
51.4 

 

Mean age 40, mean BMI 
45, 90% female 

Studies of effectiveness 
contain a variety of weights 
(some defined in terms of 
BMI, others in kg), and 
average age under and 

close to 40. Only one study 
seems to include males. 

Women and men aged 35 
to 55 years 

40<BMI<50 
non-smoking, no 

cardiovascular disease/drug 
addictions/major 

psychological disorders 
unsuccessful conservative 

therapies (dieting, exercise, 
behaviour therapy, 
pharmacotherapy) 

Setting Surgery group: OGBP at 
age 40, BMI >=40 (=4.4% 

of population) 
Diet/exercise group: age 

18, BMI >=33 (top 4.4% of 
pop distribution) 

 

US healthcare system 
Hypothetical cohort of 

morbidly obese men and 
women, who either 

underwent LGBP or OGBP 
 

Hypothetical cohort of 100 
patients undergoing one of 

four interventions and 
followed till age 60. 

US healthcare setting 

Comparators Diet/exercise 
Data for diet/exercise based 

on US controlled study 
(211 participants, 2 years of 

follow-up) comparing 
commercial weight loss 
program (1 hour/week 

meetings for 2 years) with a 
self-help program. 

Surgery 
Data from GBP arm of 

LGBP 
OGBP 

RYGB 
VBG 

Adjustable silicone gastric 
banding (ASGB) 

Non-surgical management 

OGBP 
Data from case series 
(Pories et al, 1995) 

No treatment 
Assumes subject remains at 

initial BMI 
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Table A-11: Description of included cost-effectiveness studies (continued) 

 Jensen116 2005 Paxton117 2005 Clegg122 2002 Craig119 2002 

SOS Study (346 
participants, 2 years of 

follow-up) 
 

Form of economic analysis Cost-utility analysis Cost minimization 
(outcomes of both surgeries 
found to be similar after 36 

months) 

Cost-utility analysis Cost-utility analysis 
Cost-effectiveness analysis 

(cost per life-year) 

Perspective Societal Societal Health care payer (UK 
National Health Service) 

Healthcare payer 

Timeframe Lifetime Lifetime 20 years after intervention Lifetime 

Clinical effectiveness and 
resource data source 

Diet/exercise outcomes 
were taken from patients 

(n=423) undergoing a 
commercial weight loss 

program 
OGBP outcomes were 

taken from an 8-year period 
Swedish study of 346 obese 

patients 

Literature review (n=5,730; 
t=3 years) 

Similar %EWL for OGBP 
and LGBP 

 

Percentage reductions from 
baseline weight were 

estimated from 8 studies for 
RYGB, 3 studies for VBG, 
2 studies for ASGB, and 3 

studies for non-surgical 
management. These were 

translated into reductions in 
BMI, based on assumed 

baseline BMI of 45. 

OGBP weight loss 
outcomes were taken from 

a 14-year case study 
(96.3% follow-up rate) 
involving 608 patients 

Different patient 
population: BMI>=40 or 

BMI>=35 with co-
morbidities 

Mean percentage loss of 
excess weight = 58% after 

5 years 
Reversal rate from RCT 

 
Quality of life  Assumed that ∆BMI of 1 

corresponds to a 0.017 gain 
in utility (Hakim et al, 

2002) 
Based on non-bariatric 

surgical population 
No utility decrement for 
obesity related diseases 

N/A BMI reductions were 
translated into utility 
values, based on the Roche 
submission. 

 

Relation between QALY 
and BMI assumed from 

regression of BMI on years 
of healthy life in general 

population 
QALY based on BMI, age, 

and sex 
QALY adjusted for 

treatment burden and 
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Table A-11: Description of included cost-effectiveness studies (continued) 

 Jensen116 2005 Paxton117 2005 Clegg122 2002 Craig119 2002 

perioperative mortality 
QALY reduced by 200% 
for time spent in hospital 

QALY reduced by 50% for 
time spent in recovery 

Treatment failure 
associated with 50% 

QALY for remainder of life 
 

Direct costs Cost data from 3 studies 
(Heshka et al, Nguyen et al, 

Thompson et al) 
Costs of non-surgical 
intervention (costs of 

weight loss sessions); costs 
of OGBP (OR, nursing, 
equipment, anaesthesia, 

pharmaceutical, diagnostic 
test, complications), costs 
associated with obesity-

related diseases 
Costs of obesity-related 
diseases derived from 

various studies, using a 
linear approximation. 

Missing costs: preop and 
postop care, healthcare 

professional visits, capital 
costs, costs incurred prior 

to age 49 
 

Cost of procedure: OR, 
surgeon, lab tests, hospital 
room, other routine costs 
Incidence (meta-analysis) 
and costs associated with 

surgical complications 
Cost of conversion from 

LGBP to OGBP 
 

Costs of physician visits 
(preop and postop) and 
medication not included 

 

Cost savings from avoiding 
diabetes, costs of surgery 

(preoperative care, surgical 
ward costs, theatre costs, 

post-discharge care, 
complications, repeat 

surgery) 
Missing costs: other 

comorbidities 
 

Initial surgery 
Treatment of complications 
Revisional surgery, reversal 

surgery 
Follow-up care 

Treatment of obesity-
related diseases (coronary 

heart disease, stroke, 
T2DM, 

hypercholesterolemia, 
hypertension) 

Vitamin supplements 
 

Indirect costs Costs of non-surgical 
intervention (opportunity 

cost of attending program); 
costs of OGBP (caregiver 

time) 

Opportunity cost of 
procedure (lost income) 

Opportunity cost of death 
(lost income) 

N/A N/A 
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Table A-11: Description of included cost-effectiveness studies (continued) 

 Jensen116 2005 Paxton117 2005 Clegg122 2002 Craig119 2002 

Missing costs: other 
sectors, productivity, 

patient time for OGBP 
 

Data modeling details Assumed that women aged 
40 with BMI>=40 (top 

4.4% of pop) are identical 
to women aged 18 at top 
4.4% of BMI distribution 
Assumed that weight loss 
at end of follow-up period 

was maintained, but weight 
subsequently gained at 

same rate as population in 
same BMI percentile 

Weight gained at same rate 
for all subjects 

If loss of follow-up, 
assumed no weight loss and 
same overall rate of weight 

gain 
Unclear if non-immediate 
complications, revisions, 

and reversals included 
 

Incidence of complications 
(various studies) 

Perioperative mortality 
from Craig (2002) 

Sex-specific costs of 
complications from 

HCUPnet were weighted 
by male and female ratios 
to obtain gender-neutral 

costs 
Male-to-female ratio 

obtained from 24 LGBP 
and OGBP studies 

Cost of death measured as 
lost income adjusted for 
comorbidities and BMI 

 

N/A No-treatment patients 
remain at baseline BMI 

Assumes stable lower BMI 
for successful (no reversal) 

patients after 5 years 
Effect of obesity on life 

expectancy estimated from 
impact of BMI on coronary 
heart disease and stroke in 

previous study 
Rates of deep venous 

thrombosis, pulmonary 
embolism, abdominoplasty 

and reversal surgery 
obtained from separate 

studies 
Assumes revision and 

reversal surgeries occur 
immediately 

Decision modeling details Decision tree (model 
diagram provided) 

N/A Economic evaluation based 
on systematic literature 

review 
17 RCTs and 1 

nonrandomized prospective 
study 

Decision tree (model 
diagram provided) 

Sensitivity analysis 
approach 

Weight loss trajectory after 
intervention (all weight loss 
regained within 3 years; no 

progressive weight gain) 
Risk of mortality 

N/A Hospital stay after surgery 
Preoperative and 

postoperative costs 
Efficacy of surgery and 

non-surgical management 

Loss of excess weight 
(lower bound 38%) 
Reimbursement rate 

Life expectancy 
Expected lifetime medical 
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Table A-11: Description of included cost-effectiveness studies (continued) 

 Jensen116 2005 Paxton117 2005 Clegg122 2002 Craig119 2002 

Cost of complications 
Missing table for other 

sensitivity analyses 

Effects of wider use of 
operation 

Costs of diabetes 
Utility gains from weight 

reduction 

costs for selected obesity-
related diseases 

Obesity-related QoL 
Perioperative mortality 

Complication rates 
Discount rate 

Costs are not varied, only 
probability of events 

 
Currency and year US 2004 US 2004 UK 1999/2000 US 2001 

Important findings from 
sensitivity analysis 

OGBP cost-effective at < 
$20,000 per QALY in all 

analyses (excluding worst-
case and best-case 

scenarios) 
Sensitivity analyses 

conducted are not reported 
Analysis most sensitive to 
discount rate (not reported) 

and cost of immediate 
complications 

Unclear whether QoL 
calculations are modified 
and how those account for 
obesity-related diseases. 

Exclusion of the latter may 
underestimate the positive 
effect of dieting/exercise 

which occurs earlier in life. 
Exclusion of physician 

visits may underestimate 
the cost of surgery. 

Assumption of no obesity-
related diseases prior to age 

N/A Surgery continues to be a 
cost-effective alternative to 
non-surgical management. 

Variation in parameters has 
little effect on cost-

effectiveness for women 
Cost-effectiveness of 
OGBP among men is 

sensitive to loss of excess 
weight 

Cost-effectiveness of 
OGBP among older less 
obese men depends on % 
loss of excess weight and 

reimbursement rate 
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Table A-11: Description of included cost-effectiveness studies (continued) 

 Jensen116 2005 Paxton117 2005 Clegg122 2002 Craig119 2002 

49 is likely to 
underestimate the costs 
associated with surgery. 

 
Base case results $7,126 per QALY 

 
$20,443 for OGBP 
$17,660 for LGBP 

Although cost of procedure 
is higher for LGBP, the 
procedure leads to fewer 
complications and shorter 
recovery time thus lower 

total costs 

Net cost per QALY gained 
relative to non-surgical 
option is: £10,237 for 

VBG, £8,527 for ASGB 
and £6,289 for RYGB. 

 
Comparisons between 

surgical options not robust 

ICUR for men at age 35: 
$28,600 / QALY when 
BMI = 40, $10,700 / 

QALY when BMI = 50 
ICUR for women at age 35: 

$14,700 / QALY when 
BMI = 40, $5,700 / QALY 

when BMI = 50 
Higher at age 55 but 

consistently below $50,000 
/ QALY 

 
Conclusions “This cost-utility analysis 

indicates that GBP at age 
40 is cost-effective 

compared with diet- and 
exercise-based intervention 
at age 18 among a cohort of 

obese white women.” 
 

“LGBP is a cost effective 
alternative to OGBP for 

surgical weight loss. 
Despite the increased cost 
of LGBP, patients suffer 
fewer expensive and life-
threatening perioperative 

complications.” 
 

“Under the baseline 
assumptions, surgery offers 
health gain at an additional 
cost that is comparable with 
other health services. The 
uncertainties in the data 
make it very difficult to 

choose between the types 
of surgery.” 

 

“Gastric bypass is a cost-
effective alternative to no 

treatment, providing 
substantial lifetime benefits 
in patients who are severely 

obese.” 
 

UK United Kingdom, LAGB laparoscopic adjustable gastric banding, T2DM type 2 diabetes mellitus, LRYGB laparoscopic Roux-en-Y gastric bypass, VBG vertical banded 
gastroplasty, BMI body mass index, RCT randomized controlled trial, GBP gastric bypass, AGB adjustable gastric banding, VLCD very low calorie diet, GP general 
physician, EWL excess weight loss, EQ-5D European quality of life-5 dimensions, QALY quality-adjusted life years, HODaR Health Outcomes Data Repository, AMI acute 
myocardial infarction, SOS Swedish Obesity Study, BP blood pressure, CHD coronary heart disease, HDL high density lipoproteins, RR relative risk, EBWL excess body 
weight loss, AUD Australian dollar, WTP willingness-to-pay, ICER incremental cost-effectiveness ratio, ICUR incremental cost-utility ratio, RYGB Roux-en-Y gastric bypass, 
QoL quality of life, OGBP open gastric bypass, LGBP laparoscopic gastric bypass, ASGB adjustable silicone gastric banding 
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Table A-11: Description of included cost-effectiveness studies (continued) 
 Van Gemert118 1999 Martin120 1995  

  

Objective To estimate the cost-
effectiveness of VBG 

relative to no treatment in 
the morbidly obese. 

To compare the costs and 
outcomes over 6 years of 
RYGB vs diet/behaviour 

modification. 
 

 

  

Population morbidly obese patients 
treated in the Netherlands 
(based on one trial (n=21), 

mean age 33.1, 95% 
female, mean BMI 47.22) 

87% (surgery) and 75% 
(medical) female 

Mean BMI of 49.3 
(surgery) and 41.2 

(medical) 
Mean age of 38.9 (surgery) 

and 42.7 (medical) 
Overall, patients in medical 

program were more 
educated and had fewer 

comorbidities 
 

 

  

Setting Netherlands (year not 
specified) 

 
 

The Milton S. Hershey 
Medical Center, 

Pennsylvania 
362 obese patients chose 

between a surgical program 
(n=201) and medical 

therapy (n=161) and were 
followed for at least 2 

years. 
 

 

  

Comparators VBG vs usual care Medical program (1.5 
years) 

Weekly orientation meeting 
for 4 weeks 

Weekly meeting and fast 
for 12 weeks 

Weekly meeting and added 
foods for 10 weeks 

Weekly meeting and 
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Table A-11: Description of included cost-effectiveness studies (continued) 
 Van Gemert118 1999 Martin120 1995  

  

maintenance for 52 weeks 
 

Surgical program 
RYGB 

Very-low calorie diet for 1-
8 weeks 

 
Form of economic 
analysis 

Cost-utility analysis Cost-effectiveness analysis 
(cost per pound lost) 

 
  

Perspective Societal Health care payer  
  

Timeframe Lifetime Maximum follow-up of 6 
years 

 
  

Clinical effectiveness 
and resource data 
source 

Pre-post observational 
cohort: weight, QoL 

(VAS), complications 
assessed at 1 month prior, 1 

year and 2 years after 
surgery 

BMI fell to 30.10 in year 1 
and 29.17 in year 2 

 

Both programs held at same 
institution in the US 

Proportion of successful 
patients reported for each 

follow up period (6 months, 
then yearly till 7 years) 

 

  

Quality of life  As above N/A  
  

Direct costs Direct costs of surgical 
treatment 

Revisional surgery 
Diagnostic and therapeutic 

procedures 
Outpatient visits 

Days in hospital bed 
Surgeon, resident, 

anesthesiologist, nursing 
staff time 

Supplies, equipment, costs 

Costs of medical program 
(initial exams, behavior 

therapy, very low-calorie 
diet, medical charges 

during treatment); costs of 
surgery (preoperative, very 
low-calorie diet, hospital 

and other medical charges) 
 

Only costs from initial 
hospitalization are included 
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Table A-11: Description of included cost-effectiveness studies (continued) 
 Van Gemert118 1999 Martin120 1995  

  

of housing, feeding, 
administration, 
management 

Costs related to failure of 
operation 

 
Costs attributable to morbid 
obesity (based on cost-of-

illness analysis) 
Diabetes, coronary heart 

disease, hypertension, 
cholecystolithiasis, 

osteoarthritis 
Proportion of diseases 
inferred from general 

population 
 

Missing costs: 
postoperative 

visits/diagnostic tests, 
pharmaceutical, 
equipment(?), 

complications, costs 
associated with obesity-

related diseases 

Indirect costs Indirect costs of surgical 
treatment 

Foregone wages from 
present to age 65 based on 
productivity status (paid, 
unpaid, housekeeping, 

school, sick leave, 
retirement) 

Incremental productivity 
based on survey responses 

pre & post surgery 
 

N/A  

  

Data modeling details Life expectancy gained 
after VBG: DEALE 

method based on mortality 
rate from Drenick (1979) 

Costs-of-illness: Institute of 
Public Health Care of the 

Netherlands, 1994 

Costs of programs 
measured retrospectively 
Successful weight loss 

defined as loss >= 1/3 of 
weight in excess of ideal 

body weight (mid-point of 
suggested weight for 
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Table A-11: Description of included cost-effectiveness studies (continued) 
 Van Gemert118 1999 Martin120 1995  

  

Life expectancy of 
morbidly obese: Central 

Bureau of Statistics, 1996 
 

people of medium frames) 

Decision modeling 
details 

Decision tree (model 
diagram provided) 

N/A  
  

Sensitivity analysis 
approach 

Prevalence of morbid 
obesity (0.25% and 1%) 

Prevalence of obesity 
Complication rate 

Definition of surgical 
failure (<50% EWL) 

Patients lost to follow-up 
included (and assumed to 

have returned to their 
original weight) or 

excluded 

 

  

Currency and year Not reported N/A  
  

Important findings 
from sensitivity 
analysis 

Results not presented Exclusion of patients lost to 
follow-up lead to lower 

costs per pound. 
The approximate costs of 

the programs were not 
varied (no assumptions on 

omitted costs) 
Definition of success was 

not tested 
 

 

  

Base case results  
VBG is dominant 

-$4,004 per QALY if 
prevalence of morbid 

obesity = 0.25% 
 

-$3,928 per QALY if 
prevalence of morbid 

obesity = 1% 

 
Surgical costs per pound 

exceeded medical costs per 
pound up till year 6, when 
medical costs were nearly 
twice the surgical costs. 

This was the case whether 
patients who didn’t return 

for follow-up were 
included or excluded. 
Exact figures were not 
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Table A-11: Description of included cost-effectiveness studies (continued) 
 Van Gemert118 1999 Martin120 1995  

  

reported. 

Conclusions  
“Because treatment of 

morbid obesity with VBG 
results in QALYs gained 
and less costs, there is no 
doubt that this procedure 
should be introduced or 

continued from a societal 
point of view.” 

 

 
“Surgical treatment appears 
to be more cost-effective at 
producing and maintaining 

weight loss.” 
 

 

  

UK United Kingdom, LAGB laparoscopic adjustable gastric banding, T2DM type 2 diabetes mellitus, LRYGB laparoscopic Roux-en-Y gastric bypass, VBG vertical banded gastroplasty, BMI 
body mass index, RCT randomized controlled trial, GBP gastric bypass, AGB adjustable gastric banding, VLCD very low calorie diet, GP general physician, EWL excess weight loss, EQ-5D 
European quality of life-5 dimensions, QALYs quality-adjusted life years, HODaR Health Outcomes Data Repository, AMI acute myocardial infarction, SOS Swedish Obesity Study, BP blood 
pressure, CHD coronary heart disease, HDL high density lipoproteins, RR relative risk, EBWL excess body weight loss, AUD Australian dollar, WTP willingness to pay, ICER incremental 
cost-effectiveness ratio, ICUR incremental cost-utility ratio, RYGB Roux-en-Y gastric bypass, QoL quality of life, OGBP open gastric bypass, LGBP laparoscopic gastric bypass, ASGB 
adjustable silicone gastric banding 
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Table A-12: Quality assessment of included cost-effectiveness studies 

 
Picot113 2009  Keating123 2009  Salem114 2008  Ackroyd115 

2006  
Van Mastrigt121 
2006  

Was the objective clearly stated? Yes Yes Yes Yes Yes 

Was a funding source disclosed? Yes Yes Yes Yes Yes 

Was the study industry funded? No Yes (Allergan) 
Yes 

(Inamed/Allergan
) 

Yes (Ethicon 
Endo-Surgery) 

No 

Were comparator interventions clearly stated? Yes Yes Yes 
 

Yes 
Yes 

Was the study perspective clearly stated? Yes Yes Yes Yes Yes 

Were modeling assumptions listed? Yes Yes Yes Yes Yes 

Was a diagram of model or event pathway provided? Yes Yes Yes No No 

Was discounting reported? Yes Yes Yes Yes Yes 

Were net costs reported? (incremental costs) Yes Yes Yes Yes Yes 

 
Was the source of valuation for all cost items reported? 

Yes Yes Yes 
Yes 

 
No 

 

Was the year of monetary units clearly stated?  Yes Yes Yes Yes 
No 

 

Was a sensitivity analysis conducted for cost? Yes Yes Yes No Yes 

Was a sensitivity analysis conducted for estimates of 
effectiveness? 

Yes Yes Partial Yes 
No 

 

Were study limitations discussed? Yes Yes Yes Yes Yes 

Were results compared with those from other cost-
effectiveness analyses? 

Yes Yes Yes No No 

Were the ethical/distributional implications discussed? Yes Yes Partial No No 
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Table A-12: Quality assessment of included cost-effectiveness studies 

 
Picot113 2009  Keating123 2009  Salem114 2008  Ackroyd115 

2006  
Van Mastrigt121 
2006  

Was the generalizability of outcomes discussed? Yes Yes No No No 

 

Table A-12: Quality assessment of included cost-effectiveness studies (continued) 

 Jensen116 2005  Paxton117 2005  Clegg122 2002  Craig119 2002  

Was the objective clearly stated? Yes Yes Yes Yes 

Was a funding source disclosed? No No Yes Yes 

Was the study industry funded? - - No No 

Were comparator interventions clearly stated? Yes Yes Yes Yes 

Was the study perspective clearly stated? Yes No Yes Yes 

Were modeling assumptions listed? Yes No Yes Yes 

Was a diagram of model or event pathway provided? Yes No No Yes 

Was discounting reported? No No Yes Yes 

Were net costs reported? (incremental costs) Yes Yes Yes Yes 

 
Was the source of valuation for all cost items reported? 

Yes Yes Yes Yes 

Was the year of monetary units clearly stated?  Yes Yes Yes Yes 

Was a sensitivity analysis conducted for cost? 
Yes (results are not 

reported) 
No Yes No 

Was a sensitivity analysis conducted for estimates of effectiveness? Yes No Yes Yes 

Were study limitations discussed? Yes No Yes Yes 



  A-108

Table A-12: Quality assessment of included cost-effectiveness studies (continued) 

 Jensen116 2005  Paxton117 2005  Clegg122 2002  Craig119 2002  

Were results compared with those from other cost-effectiveness analyses? No No Yes No 

Were the ethical/distributional implications discussed? No No No No 

Was the generalizability of outcomes discussed? No No No Yes 

 

Table A-12: Quality assessment of included cost-effectiveness studies (continued) 

 
Van Gemert118 
1999  

Martin120 
1995  

   

Was the objective clearly stated? Yes Yes    

Was a funding source disclosed? No No    

Was the study industry funded? - -    

Were comparator interventions clearly stated? 
 

Yes 
 

 
Yes 

 
   

Was the study perspective clearly stated? Yes Yes    

Were modeling assumptions listed? No No    

Was a diagram of model or event pathway provided? Yes No    

Was discounting reported? Yes No    

Were net costs reported? (incremental costs) Yes Yes    

 
Was the source of valuation for all cost items reported? 

Yes Yes    

Was the year of monetary units clearly stated?  No No    

Was a sensitivity analysis conducted for cost? No No    
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Table A-12: Quality assessment of included cost-effectiveness studies (continued) 

 
Van Gemert118 
1999  

Martin120 
1995  

   

Was a sensitivity analysis conducted for estimates of 
effectiveness? 

No No    

Were study limitations discussed? No Yes    

Were results compared with those from other cost-effectiveness 
analyses? 

Yes No    

Were the ethical/distributional implications discussed? No No    

Was the generalizability of outcomes discussed? No No    
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APPENDIX 7: TABLES FOR ECONOMIC ANALYSIS 
 

Table A-13: Resource utilization by treatment strategy 
Resource utilization 

Variable Standard care “Intensive” 
standard care 

LAGB RYGB Sleeve BPD 

Pre-treatment consultations 
Hours with dietitian  1 1 1 1 1 1 
Hours with psychologist  1 1 1 1 1 1 
Visits with GP 2 2 - - - - 
Surgical resources 
Minutes per procedure - - 43 135 110 165 
Additional OR minutes - - 45 45 45 45 
Days in hospital – initial 
surgery 

- - 3.1 4.8 4.8 4.8 

Follow-up visits 
Visits with surgeon – first year - - 12 5 5 5 
Visits with bariatric specialist – 
years 2 to 6 

- - 2 2 2 2 

Visits with bariatric specialist – 
annual 

- - 1 1 1 1 

Visits with GP – first year 2 2 - - - - 
Visits with GP – annual 4 4 1 1 1 1 
Hours with dietitian - first year 1 7 6 5 5 5 
Hours with dietitian - annual 1 1 1 1 1 1 
Hours with psychologist – first 
year 

- 2 - - - - 

Hours with psychiatrist – first 
year 

- 1 - - - - 

Hours with nurse – first year - 9 - - - - 
Diet and pharmacotherapy 
Weeks on low-calorie diet (5% 
of patients) 

- 28 - - - - 

GP general practitioner, OR operating room 
Source: Xinzhe Shi, Centre for the Advancement of Minimally Invasive Surgery, Royal Alexandra Hospital, Edmonton, AB: personal 
communication, 2009 Oct; expert opinion.
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Table A-14: Overview of modeling approach for surgical vs standard care model 
Outcome Short-term model Long-term model Lifetime model 

Time horizon 1 year 10 years Lifetime 
BMI Incremental change in BMI in surgery 

arm (RYGB) from clinical review. 
Assume no change in BMI in standard 
care arm 
 

Decay in BMI approximates slope observed 
in SOS130  
 

After 10 years no further changes in BMI 
occur. 
 

QOL Incremental QoL benefit assigned annually to surgical patients based on difference in BMI relative to standard care. Utility per 1-
point decrease in BMI (and by diabetes status) and starting QoL from TTO analysis (from Hakim132)  

Survival Patients incur a risk of perioperative 
death after index surgery or 
subsequent re-operation. This risk is 
based on the 30-day mortality from 
included RCTs. 

Annual mortality risk for standard care arm 
is constant and cumulative risk equal to the 
10-year mortality rate in the SOS control 
group. The hazard ratio of mortality for all 
bariatric surgeries is taken from SOS. 

After 10 years, subjects face an underlying 
mortality risk identical to that of similar-
age Canadians with obesity. No survival 
benefit beyond 10 years for the surgery 
arm is assumed. 

Type 2 diabetes 
Hypertension 
Hypertriglyceridemia 

Prevalence for each strategy based on 2- and 
10-year resolution and incidence rates in 
treatment and control groups reported in 
SOS. 

No further change in proportion of 
subjects with disease occurs after 10 years. 
 

Sleep apnea 

NA 

Resolution of sleep apnea 1 year based 
Buchwald. No incident sleep apnea occurs. 

No further change in proportion of 
subjects with sleep apnea 

BMI body mass index, QoL quality of life, RYGB Roux-en-Y gastric bypass, TTO time trade-off, RCT randomized controlled trial, SOS Swedish Obesity Study 
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Table A-15: Overview of modeling approach for between bariatric surgery comparisons 
Outcome Short-term model Long-term model Lifetime model 

Time horizon 1 year 10 years Lifetime 
BMI Change in BMI at one year from 

pooled estimate from clinical review. 
Absolute change in BMI in RYGB 
patients is the pooled estimate from all 
RCTs. 
 

Over 10 years, surgery-specific decay in 
BMI evolve at the same rate as those in the 
SOS study.130 
 

After 10 years no further changes in BMI 
occur. 
 

QOL NA QoL assigned annually to surgical patients based on difference in BMI relative to baseline. 
Utility per 1-point decrease in BMI (by diabetes status) and baseline QoL drawn from 
Hakim.132 

Survival Patients incur a risk of perioperative 
death after index surgery or 
subsequent re-operation. This risk is 
based on the 30-day mortality from 
included RCTs. 

Annual mortality risk for surgical arms is 
constant and cumulative risk equal to the 10-
year mortality rate in the SOS surgical 
group. It is assumed identical across 
surgeries. 

After 10 years, subjects face an underlying 
mortality risk identical to that of similar-
age Canadians with obesity. It is assumed 
identical across surgeries. 

Type 2 diabetes 
Hypertension 
Hypertriglyceridemia 

 Surgery-specific 2-year prevalence based on 
resolution rates from Buchwald.17 Change in 
prevalence from 2 to 10 years is based 
incidence data from SOS surgical treatment 
group. 

No further change in proportion of subjects 
with disease occurs after 10 years. 
 

Sleep apnea  Resolution of sleep apnea 1 year based 
Buchwald. No incident sleep apnea occurs. 

No further change in proportion of subjects 
with sleep apnea 

BMI body mass index, QoL quality of life, RYGB Roux-en-Y gastric bypass, RCT randomized controlled trial, SOS Swedish obesity study 
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Table A-16: Baseline probabilities 
Clinical parameters for economic evaluation 

Variable Value Reference Distribution for MCS Plausible Range  Models  
Risk of perioperative death (initial 
surgery or revision) in RYGB, BPD 
patients 

0.005 SR Normal 0.001 to 0.017 All 

Risk of perioperative death (initial 
surgery or revision) in LAGB patients 

0.000 SR Normal 0.000 to 0.026 Model 2 

Risk of perioperative death (initial 
surgery or revision) in Sleeve patients 

0.000 SR Normal 0.000 to 0.278 Model 2 

Risk of early reoperation in RYGB, 
Sleeve, BPD patients 

0.047 SR Normal 0.029 to 0.076 All 

Risk of early reoperation for LAGB 0.000 SR Normal 0.000 to 0.073 Model 2 
Risk of late failure in LAGB patients 0.091 SR Normal 0.062 to 0.132 Model 2 
Risk of late failure in RYGB patients 0.009 SR Normal 0.002 to 0.031 All 
Risk of late stenosis in RYGB, BPD 
patients 

0.092 SR Normal 0.060 to 0.139 All 

Risk of late stenosis for LAGB 0.000 SR Normal 0.000 to 0.056 Model 2 
Risk of late hernia in RYGB, BPD 
patients 

0.044 SR Normal 0.027 to 0.072 All 

Risk of late hernia for LAGB 0.000 SR Normal 0.000 to 0.039 Model 2 
Risk of late staple line breakdown in 
RYGB, BPD patients 

0.202 SR Normal 0.135 to 0.292 All 

Risk of late slippage/ dilatation in 
LAGB patients 

0.132 SR Normal 0.093 to 0.184 Model 2 

Risk of skin removal in surgical patients 0.29 OHTAC138 N/A N/A All 
Risk of early wound infection in RYGB, 
Sleeve, BPD patients 

0.067 SR Normal 0.047 to 0.093 All 

Risk of early wound infection in LAGB 
patients 

0.004 SR Normal 0.000 to 0.079 Model 2 

Baseline annual mortality in standard 
care patients 

0.006 SOS130 N/A 0.003 to 0.009 Model 1 

Baseline annual mortality in surgical 
patients 

0.0057 SOS N/A N/A Model 2 

RR of mortality in surgical patients at 10 
years 

0.76 SOS Log-normal 0.59 to 0.99 Model 1 

RYGB Roux-en-Y gastric bypass, SR systematic review, LAGB laparoscopic gastric banding, VBG vertical band gastroplasty, OHTAC  
Ontario Health Technology Advisory Committee, N/A not applicable, SOS Swedish Obesity Study 
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Table A-17: Effectiveness inputs for economic evaluation 
Variable Value Reference Distribution for 

MCS 
Plausible Range Models 

1-year change in BMI in RYGB patients relative 
to standard care patients 

-8.6 SR Normal -16.4 to -1.7 Model 1 

1-year change in BMI in RYGB patients relative 
to baseline 

-14.5 SR Normal -16.8 to -12.2 Model 2 

1-year change in BMI in LAGB patients relative 
to RYGB 

5.8 SR Normal 1.9 to 9.7 Model 2 

1-year change in BMI in Sleeve patients relative 
to RYGB 

-1.1 SR Normal -3.6 to 1.4 Model 2 

1-year change in BMI in BPD patients relative to 
RYGB 

-2.3 SR Normal -3.7 to -0.9 Model 2 

Baseline QoL 
 

0.71 Hakim132 Normal 0.40 to 0.90 All, lifetime 

Utility per 1-unit BMI decrease for non-diabetic 
patients 

-0.017 Hakim Normal -0.0265 to -0.0075 All, lifetime 

Utility per 1-unit BMI decrease for diabetic 
patients 

-0.0285 Hakim Normal -0.0400 to -0.0170 All, lifetime 

MCS Monte Carlo simulation, BMI body mass index, RYGB Roux-en-Y gastric bypass, SR systematic review, LAGB laparoscopic adjustable gastric banding, 
VBG vertical band gastroplasty, QoL quality of life 
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Table A-18: Surgical complications 
 Timing QOL Costs 

Reoperation 
 

Early 1 month at QOL=0 Same as initial surgery 

Wound infection 
 

Early 1 month at QOL=0 Added LOS (5 days) 

Hernia 
 

Late No effect OCCI estimate 

Stenosis Late 1 month at QOL=0 Re-hospitalization, same cost as initial 
surgery 

Failure (reversal, conversion) Late 1 month at QOL=0 Re-hospitalization, same cost as initial 
surgery 

Staple line breakdown 
 

Late 1 month at QOL=0 Re-hospitalization, LOS of 5 days 

Skin removal 
 

Late No effect OHTAC138 estimate 

Slippage/dilatation Late 1 month at QOL=0 Re-hospitalization, same cost as initial 
surgery 

QOL quality of life, LOS length of stay, OCCI Ontario Case Costing Initiative, OHTAC Ontario Health Technology Advisory Committee 
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Table A-19: Model inputs regarding obesity related comorbid conditions 
Variable Value Reference Distribution for 

MCS 
Plausible 

Range 
Models 

Baseline rate of DM 0.153 Buchwald17 N/A 0 to 1 All, lifetime 
Baseline rate of HTN 0.354 Buchwald N/A 0 to 1 All, lifetime 
Baseline rate of HTC 0.243 Buchwald N/A 0 to 1 All, lifetime 
Baseline rate of sleep apnea 0.196 Buchwald N/A 0 to 1 All, lifetime 
Proportion of surgical patients with 2-year resolution of DM 0.72 SOS130 ‡ ‡ All, lifetime 
Proportion of surgical patients with 2-year resolution of HTN 0.34 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 2-year resolution of HTC 0.62 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with short-term resolution of sleep 
apnea 

0.857 Buchwald Normal 0.792 to 0.922 Model 1, 
lifetime 

Proportion of standard care patients with 2-year resolution of 
DM 

0.21 SOS ‡ ‡ All, lifetime 

Proportion of standard care patients with 2-year resolution of 
HTN 

0.21 SOS ‡ ‡ All, lifetime 

Proportion of standard care patients with 2-year resolution of 
HTC 

0.22 SOS ‡ ‡ All, lifetime 

Proportion of surgical patients with 10-year resolution of DM 0.36 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 10-year resolution of HTN 0.19 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 10-year resolution of HTC 0.46 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 10-year resolution of 
DM 

0.13 SOS ‡ ‡ All, lifetime 

Proportion of standard care patients with 10-year resolution of 
HTN 

0.11 SOS ‡ ‡ All, lifetime 

Proportion of standard care patients with 10-year resolution of 
HTC 

0.24 SOS ‡ ‡ All, lifetime 

Proportion of RYGB, Sleeve patients with short-term resolution 
of DM 

0.837 Buchwald Normal 0.773 to 0.901 Model 2, 
lifetime 

Proportion of RYGB, Sleeve patients with short-term resolution 
of HTN 

0.675 Buchwald Normal 0.584 to 0.765 Model 2, 
lifetime 

Proportion of RYGB, Sleeve patients with short-term resolution 
of HTC 

0.912 Buchwald Normal 0.836 to 0.988 Model 2, 
lifetime 

Proportion of RYGB, Sleeve patients with short-term resolution 
of sleep apnea 

0.804 Buchwald Normal 0.684 to 0.923 Model 2, 
lifetime 

Proportion of LAGB patients with short-term resolution of DM 0.479 Buchwald Normal 0.291 to 0.667 Model 2, 
lifetime 
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Proportion of LAGB patients with short-term resolution of HTN 0.432 Buchwald Normal 0.304 to 0.559 Model 2, 
lifetime 

Proportion of LAGB patients with short-term resolution of HTC 0.770 Buchwald Normal 0.541 to 0.999 Model 2, 
lifetime 

Proportion of LAGB patients with short-term resolution of sleep 
apnea 

0.950 Buchwald Normal 0.888 to 1.000 Model 2, 
lifetime 

Proportion of BPD patients with short-term resolution of DM 0.989 Buchwald Normal 0.968 to 1.000 Model 2, 
lifetime 

Proportion of BPD patients with short-term resolution of HTN 0.834 Buchwald Normal 0.732 to 0.936 Model 2, 
lifetime 

Proportion of BPD patients with short-term resolution of HTC 1.000 Buchwald Normal 0.981 to 1.000 Model 2, 
lifetime 

Proportion of BPD patients with short-term resolution of sleep 
apnea 

0.919 Buchwald Normal 0.819 to 1.000 Model 2, 
lifetime 

Proportion of surgical patients with 2-year incident DM 0.01 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 2-year incident HTN 0.24 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 2-year incident HTC 0.08 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 2-year incident DM 0.08 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 2-year incident HTN 0.29 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 2-year incident HTC 0.22 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 10-year incident DM 0.07 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 10-year incident HTN 0.41 SOS ‡ ‡ All, lifetime 
Proportion of surgical patients with 10-year incident HTC 0.17 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 10-year incident DM 0.24 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 10-year incident HTN 0.49 SOS ‡ ‡ All, lifetime 
Proportion of standard care patients with 10-year incident HTC 0.27 SOS ‡ ‡ All, lifetime 
DM diabetes mellitus, HTN hypertention, HTC hypertriglyceridemia, RYGB Roux-en-Y gastric bypass, Sleeve sleeve gastrectomy, LAGB laparoscopic 
adjustable gastric banding, BPD biliopancreatic diversion, SOS Swedish Obesity Study, MCS Monte Carlo simulation 
 
‡ SOS resolution and incidence rates of co-morbid conditions were used to determine the yearly prevalence of diabetes, hypertension, and hyperlipidemia. In 
order to test the sensitivity of results around this derived prevalence, a coefficient equal to 1 and normally distributed over the range (0.75, 1.25) was applied in 
Monte Carlo simulation.
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Table A-20: Resource use and cost inputs for the economic evaluation 
Variable Value Reference Distribution for MCS Plausible Range Models 

Pre-treatment consultations Surgery: $431 
Std: $105 

OHTAC138 N/A ± 25% All 

Cost of dietitian    
Hourly cost of dietitian $49 Treasury Board of Canada N/A ± 25% All 
Hours with dietitian pre-
treatment 

1 Expert N/A N/A All 

Hours with dietitian - first 
year 

RYGB, Sleeve, BPD: 
5 
LAGB: 6 
Std: 1 

Expert N/A N/A All 

Hours with dietitian - annual 1 Expert N/A N/A All, lifetime 
Cost of psychologist    
Cost of psychologist per hour $110 Ontario schedule of medical 

benefits 
N/A ± 25% All 

Hours with psychologist pre-
treatment 

1 Expert N/A N/A All 

Cost of psychiatrist $176 Ontario schedule of medical 
benefits 

N/A N/A Sensitivity 
analysis 

Cost of labs 
Cost of lab tests prior to 
treatment 

RYGB, Sleeve: $306 
LAGB: $208 
BPD: $367 
Std: $131 

See detailed table N/A ± 25% All 

Professional fees associated 
with lab tests 

$370 OHTAC N/A ± 25% All 

Cost of surgery 
Professional fees associated 
with surgery 

RYGB, BPD: $3,861 
LAGB: $1,825 
Sleeve: $2,030 

Personal communication N/A ± 25% All 

OR cost per minute $20 AHS N/A ± 25% All 
Minutes per procedure RYGB: 135 

LAGB: 43 
Sleeve: 110 
BPD: 165 

Weight wise (personal 
communication) 

Normal RYGB: 120 to 240 
LAGB: 68 to 106 

All 

Cost of LapBand $4,500 Allergan N/A N/A Model 2 
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Cost of Orvil stapler $967 Weight wise (personal 
communication) 

N/A N/A All 

Cost of supplies RYGB: $5,431 
LAGB: $677 
Sleeve: $6,978 
BPD: $12,409 

Weight wise (personal 
communication) 

N/A ± 25% All 

Cost of hospital stay    
Cost per day in hospital $975 Ontario per diem rates N/A ± 25% All 
Days in hospital – initial 
surgery 

RYGB, Sleeve, BPD: 
4.8 
LAGB: 3.1 

RCT Normal RYGB: 4.6 to 5.0 
LAGB: 2.6 to 3.7 

All 

Cost of post-op care for 8 
days 

$720 OHTAC N/A ± 25% All 

Cost of complications 
Cost of hernia repair $4,485 OCCI N/A ± 25% All 
Cost of panniculectomy $2,908 OHTAC N/A ± 25% All 
Cost of follow-up 
Cost of surgeon per visit $29 Ontario schedule of medical 

benefits 
N/A ± 25% All 

Visits with surgeon – 1st year RYGB, Sleeve, BPD: 
5 
LAGB: 12 

Expert N/A ± 25% All 

Cost of internist per visit $70 Ontario schedule of medical 
benefits 

N/A ± 25% All, lifetime 

Visits with internist – annual RYGB, LAGB, 
Sleeve, BPD: 1 

Expert N/A N/A All, lifetime 

Visits with internist – years 2 
to 6 

RYGB, LAGB, 
Sleeve, BPD: 2 

Expert N/A N/A All, lifetime 

Cost of GP per visit Initial: $63 
Subsequent: $42 
 

Ontario schedule of medical 
benefits 

N/A ± 25% All 

Visits with GP – 1st year Std: 2 Expert N/A N/A All 
Visits with GP – annual Std: 4 

RYGB, LAGB, 
Sleeve, BPD: 1 

Expert N/A N/A All, lifetime 

Cost of lab tests – 1st year RYGB, Sleeve: $729 
LAGB: $75 
BPD: $1,304 
Std: $60 

Ontario schedule of lab fees 
and expert opinion  

N/A ± 25% All 
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Cost of lab tests – annual RYGB, Sleeve: $243 
LAGB: $75 
BPD: $326 
Std: $60 

Ontario schedule of lab fees 
and expert opinion 

N/A ± 25% All, lifetime 

Cost of co-morbid conditions 
Cost of CPAP Year 1: $2,366 

Yearly: $279 
Every 5 years: $2,366 

Tan N/A N/A All, lifetime 

Annual cost of Simvastatin $506 Alberta Health and Wellness N/A ± 25% All, lifetime 
Annual cost of anti-
hypertensive treatment 

$764 Alberta Health and Wellness N/A ± 25% All, lifetime 

Annual cost of DM treatment Incident: $3,112 
Prevalent: $1,243 to 
$4,908 

Goeree139 N/A ± 25% All, lifetime 

Cost of supplements after 
surgery 

$197 Red book N/A ± 25% All 

MCS Monte Carlo simulation, RYGB Roux-en-Y gastric bypass, LAGB laparoscopic adjustable gastric banding VBG vertical banded  
gastroplasty, Std Standard care, OHTAC Ontario Health Technology Advisory Committee, OCCI Ontario Case Costing Initiative, GP general practitioner,  
RCT randomized controlled trial, AHS Alberta Health Services, CPAP continuous positive airway pressure, DM diabetes mellitus 
Personal communication, source: Xinzhe Shi, Centre for the Advancement of Minimally Invasive Surgery, Royal Alexandra Hospital, Edmonton, AB: personal 
communication, 2009 Oct. 
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Table A-21: Resource use 

Pre- and post-treatment tests 
 Standard and intensive care LAGB RYGB and Sleeve BPD 
 Pre-treatment Post-treatment 

(annually) 
Pre-operative Post-operative 

(at 6 mo then 
annually) 

Pre-operative Post-operative 
(at 3, 6, 12 mo 
then annually) 

Pre-operative Post-operative 
(at 3, 6, 9, 12 
mo then 
annually) 

Blood glucose √ √ √ √ √ √ √ √ 
Lipid profile √ √ √ √ √ √ √ √ 
Urinalysis √  √  √  √  
CBC √ √ √ √ √ √ √ √ 
Electrolytes √ √ √ √ √ √ √ √ 
Creatinine √  √  √  √  
AST √  √  √  √  
PTH √  √  √ √ √ √ 
INR   √  √  √ √ 
Blood type   √  √  √  
Ferritin   √ √ √ √ √ √ 
25-Hydoxyvitamin D     √ √ √ √ 
B12     √ √ √ √ 
Folate     √ √ √ √ 
Vitamin A       √ √ 
Vitamin E       √ √ 
Zinc       √ √ 
Selenium        √ √ 
Albumin       √ √ 
EKG   √  √  √  
Chest x-ray   √  √  √  
Liver function      √  √ 
Vitamin K1        √ 
CBC complete blood count, AST aspartate aminotransferase, PTH parathyroid hormone, INR international normalized ratio, EKG electrocardiogram, LAGB 
laparoscopic adjustable gastric banding, RYGB Roux-en-Y gastric bypass, Sleeve sleeve gastrectomy, BPD biliopancreatic diversion 
Source: Mechanick20 and expert opinion.
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Table A-22: Cost per QALY gained for bariatric surgery (Sleeve) vs standard care by time horizon 

Time horizon Comparators Cost Incremental cost Effectiveness 
(QALYs) 

Incremental 
effectiveness 

ICER ($/QALY) 

Standard $16,406  6.19   10 years 
Sleeve $36,776 $20,369 7.53 1.34 $15,179 
Standard $26,534  9.37   20 years 
Sleeve $45,997 $19,463 11.40 2.03 $9,607 
Standard $38,454  12.42   Lifetime 
Sleeve $55,869 $17,415 15.10 2.68 $6,498 

QALY quality-adjusted life-year, Sleeve sleeve gastrectomy, ICER incremental cost-effectiveness ratio 
 
 

Table A-23: Cost per QALY gained for bariatric surgery (BPD) vs standard care by time horizon 
Time horizon Comparators Cost Incremental cost Effectiveness 

(QALYs) 
Incremental 

effectiveness 
ICER ($/QALY) 

Standard $16,406  6.19   10 years 
BPD $49,398 $32,992 7.66 1.47 $22,450 
Standard $26,534  9.37   20 years 
BPD $58,950 $32,416 11.58 2.21 $14,648 
Standard $38,454  12.42   Lifetime 
BPD $69,133 $30,679 15.34 2.92 $10,492 

QALY quality-adjusted life-year, BPD biliopancreatic diversion, ICER incremental cost-effectiveness ratio 
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Table A-24: Scenarios of varying baseline proportion of subjects with comorbid conditions (bariatric surgery (RYGB)) vs 

standard care 
 Cost Incremental cost Effectiveness Incremental 

effectiveness 
ICER 

Prevalence of type 2 diabetes 
0% 

Standard $27,978  12.42   
RYGB $54,817 $26,839 14.50 2.09 $12,863 

25% 
Standard $45,096  12.42   
RYGB $63,459 $18,363 14.86 2.44 $7,520 

50% 
Standard $62,213  12.42   
RYGB $72,100 $9,887 15.21 2.80 $3,535 

75% 
Standard $79,331  12.42   
RYGB $80,742 $1,410 15.57 3.15 $447 

100% 
Standard $96,449  12.42  Dominated 
RYGB $89,383  15.92   
Prevalence of hypertension 

0% 
Standard $30,803  12.42   
RYGB $53,388 $22,584 14.72 2.30 $9,802 

25% 
Standard $36,206  12.42   
RYGB $58,132 $21,926 14.72 2.30 $9,517 

50% 
Standard $41,609  12.42   
RYGB $62,876 $21,267 14.72 2.30 $9,231 

75% 
Standard $47,012  12.42   
RYGB $67,621 $20,609 14.72 2.30 $8,945 

100% 
Standard $52,415  12.42   
RYGB $72,365 $19,950 14.72 2.30 $8,659 
Prevalence of hyperlipidemia 
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0% 
Standard $35,186  12.42   
RYGB $58,011 $22,825 14.72 2.30 $9,907 

25% 
Standard $38,548  12.42   
RYGB $60,166 $21,618 14.72 2.30 $9,383 

50% 
Standard $41,911  12.42   
RYGB $62,321 $20,411 14.72 2.30 $8,859 

75% 
Standard $45,273  12.42   
RYGB $64,476 $19,203 14.72 2.30 $8,335 

100% 
Standard $48,635  12.42   
RYGB $66,631 $17,996 14.72 2.30 $7,811 
Prevalence of sleep apnea 

0% 
Standard $35,731  12.42   
RYGB $59,715 $23,984 14.72 2.30 $10,410 

25% 
Standard $39,204  12.42   
RYGB $60,214 $21,009 14.72 2.30 $9,119 

50% 
Standard $42,677  12.42   
RYGB $60,712 $18,035 14.72 2.30 $7,828 

75% 
Standard $46,150  12.42   
RYGB $61,211 $15,060 14.72 2.30 $6,537 

100% 
Standard $49,623  12.42   
RYGB $61,709 $12,086 14.72 2.30 $5,246 
Prevalence of all 4 co-morbid conditions 

25% 
Standard $43,692  12.42   
RYGB $61,653 $17,961 14.86 2.44 $7,355 

50% 
Standard $73,049  12.42   
RYGB $77,693 $4,644 15.21 2.80 $1,660 
RYGB Roux-en-Y gastric bypass, ICER incremental cost-effectiveness ratio 
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Table A-25: Sensitivity analysis of reduction in comorbid disease RYGB vs standard care 

Time horizon Comparators Cost Incremental cost Effectiveness Incremental 
effectiveness 

ICER 

No change in co-morbid conditions 
Standard $16,406  6.19   10 years 
RYGB $45,322 $28,916 7.33 1.14 $25,282 
Standard $26,534  9.37   20 years 
RYGB $57,485 $30,951 11.11 1.74 $17,821 
Standard $38,454  12.42   Lifetime 
RYGB $71,372 $32,918 14.72 2.30 $14,288 

Decrease in reduction of co-morbid conditions 
25% 

Standard $38,454  12.42   Lifetime 
RYGB $64,340 $25,886 14.72 2.30 $11,235 

50% 
Standard $38,454  12.42   Lifetime 
RYGB $68,573 $30,119 14.72 2.30 $13,073 

75% 
Standard $38,454  12.42   Lifetime 
RYGB $72,807 $34,353 14.72 2.30 $14,910 

RYGB Roux-en-Y gastric bypass, ICER incremental cost- effectiveness ratio 
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Table A-26: Sensitivity analysis of QoL gain from weight loss LAGB vs standard care 
and RYGB vs standard care 

Time 
horizon 

Comparators Cost Incremental 
cost 

Effectiveness Incremental 
effectiveness 

ICER 

LAGB base case 
10 years Standard $16,406  6.19   
 LAGB $30,422 $14,016 6.56 0.37 $37,910 
20 years Standard $26,534  9.37   
 LAGB $38,879 $12,345 9.95 0.58 $21,240 
Lifetime Standard $38,454  12.42   
 LAGB $48,021 $9,567 13.20 0.78 $12,212 
LAGB no QoL gain 
10 years Standard $16,406  6.19   
 LAGB $30,422 $14,016 6.15 -0.04 Dominated 
20 years Standard $26,534  9.37   
 LAGB $38,879 $12,345 9.38 0.01 $1,229,706 
Lifetime Standard $38,454  12.42   
 LAGB $48,021 $9,567 12.47 0.05 $175,710 
 
RYGB base case 
10 years Standard $16,406  6.19   
 RYGB $41,106 $24,699 7.33 1.14 $21,595 
20 years Standard $26,534  9.37   
 RYGB $50,282 $23,748 11.11 1.74 $13,674 
Lifetime Standard $38,454  12.42   
 RYGB $60,106 $21,652 14.72 2.30 $9,398 
RYGB no QoL gain 
10 years Standard $16,406  6.19   
 RYGB $41,106 $24,699 6.11 -0.07 Dominated 
20 years Standard $26,534  9.37   
 RYGB $50,282 $23,748 9.33 -0.04 Dominated 
Lifetime Standard $38,454  12.42   
 RYGB $60,106 $21,652 12.40 -0.01 Dominated 
LAGB laparoscopic adjustable gastric banding, RYGB Roux-en-Y gastric bypass, ICER incremental cost- 
effectiveness ratio, QoL quality of life 
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Table A-27: One-way sensitivity analysis of LAGB vs RYGB 

  Cost Incremental 
cost 

Effectiveness Incremental 
effectiveness 

ICER 

Base case 
 LAGB $45,441  14.62   
 RYGB $51,100 $5,659 16.18 1.56 $3,628 
BMI change in LAGB patients (relative to RYGB) 
1.9 LAGB $45,441  15.63   
 RYGB $51,100 $5,659 16.18 0.55 $10,289 
       
9.7 LAGB $45,441  13.61   
 RYGB $51,100 $5,659 16.18 2.57 $2,202 
Utility from 1-point increase in BMI (non-diabetics) 
-0.0265 LAGB $45,441  15.58   
 RYGB $51,100 $5,659 17.84 2.26 $2,504 
       
-0.0075 LAGB $45,441  13.66   
 RYGB $51,100 $5,659 14.52 0.86 $6,580 
% LAGB patients with short-term resolution of diabetes  
0.291 LAGB $47,789   14.62   
 RYGB $51,100 $3,311 16.18 1.56 $2,122 
       
0.667 LAGB $43,094   14.62   
 RYGB $51,100 $8,246 16.18 1.56 $5,132 
RYGB cost of supplies 
4799 LAGB $45,441   14.62   
 RYGB $49,418  $3,977 16.18 1.56 $2,549 
       
7998 LAGB $45,441   14.62   
 RYGB $52,783  $7,342 16.18 1.56 $4,706 
Daily cost of hospitalization 
485 LAGB $43,574   14.62   
 RYGB $47,733  $4,159 16.18 1.56 $2,666 
       
1500 LAGB $47,442   14.62   
 RYGB $54,706  $7,264 16.18 1.56 $4,656 
Time in operating room for RYGB patients 
120 LAGB $45,441  14.62   
 RYGB $49,717  $4,276 16.18 1.56 $2,741 
       
240 LAGB $45,441  14.62   
 RYGB $52,483  $7,042 16.18 1.56 $4,514 
Weight loss estimates from Nguyen 
 LAGB $45,441  15.07   
 RYGB $51,100 $5,659 17.33 2.26 $2,504 
LAGB laparoscopic adjustable gastric banding, RYGB Roux-en-Y gastric bypass, ICER incremental cost- 
effectiveness ratio 
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Table A-28: Sensitivity analysis of baseline prevalence of comorbid disease LAGB vs 
RYGB 

 Cost Incremental 
cost 

Effectiveness Incremental 
effectiveness 

ICER 

Model 2: Sensitivity analyses at lifetime 
Base case 
LAGB $45,441  14.62   
RYGB $51,100 $5,659 16.18 1.56 $3,628 
Prevalence of type 2 diabetes 

0% 
LAGB $39,304  14.41   
RYGB $49,441 $10,137 15.82 1.41 $7,189 

25% 
LAGB $49,332  14.75   
RYGB $52,151 $2,819 16.41 1.66 $1,698 

50% 
RYGB $54,861  17.01   
LAGB $59,360  15.10  Dominated 

75% 
RYGB $57,572  17.60   
LAGB $69,388  15.44  Dominated 

100% 
RYGB $60,282  18.20   
LAGB $79,416  15.79  Dominated 
Prevalence of hypertension 

0% 
LAGB $41,640  14.62   
RYGB $48,935 $7,295 16.18 1.56 $4,676 

25% 
LAGB $44,324  14.62   
RYGB $50,464 $6,140 16.18 1.56 $3,936 

50% 
LAGB $47,009  14.62   
RYGB $51,992 $4,983 16.18 1.56 $3,194 

75% 
LAGB $49,694  14.62   
RYGB $53,521 $3,827 16.18 1.56 $2,453 

100% 
LAGB $52,378  14.62   
RYGB $55,050 $2,672 16.18 1.56 $1,713 
Prevalence of hyperlipidemia 

0% 
LAGB $44,961  14.62   
RYGB $50,917 $5,956 16.18 1.56 $3,818 

25% 
LAGB $45,455  14.62   
RYGB $51,105 $5,650 16.18 1.56 $3,622 

50% 
LAGB $45,949  14.62   
RYGB $51,293 $5,344 16.18 1.56 $3,426 

75% 
LAGB $46,443  14.62   
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Table A-28: Sensitivity analysis of baseline prevalence of comorbid disease LAGB vs 
RYGB 

RYGB $51,481 $5,038 16.18 1.56 $3,229 
100% 

LAGB $46,937  14.62   
RYGB $51,669 $4,732 16.18 1.56 $3,033 
Prevalence of sleep apnea 

0% 
LAGB $45,305  14.62   
RYGB $50,568 $5,263 16.18 1.56 $3,374 

25% 
LAGB $45,479  14.62   
RYGB $51,246 $5,767 16.18 1.56 $3,697 

50% 
LAGB $45,653  14.62   
RYGB $51,925 $6,272 16.18 1.56 $4,021 

75% 
LAGB $45,827  14.62   
RYGB $52,604 $6,777 16.18 1.56 $4,344 

100% 
LAGB $46,001  14.62   
RYGB $53,282 $7,281 16.18 1.56 $4,667 
Prevalence of all 4 co-morbid conditions 

25% 
LAGB $48,267  14.75   
RYGB $51,667 $3,400 16.41 1.66 $2,048 

50% 
RYGB $56,773  17.01   
LAGB $61,647  15.10  Dominated 
LAGB laparoscopic adjustable gastric banding, RYGB Roux-en-Y gastric bypass, ICER incremental cost- 
effectiveness ratio 
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APPENDIX 8: FIGURES FOR ECONOMIC ANALYSIS 
 

Figure A-60: Structure of model 
 
 
 

 
 
RYGB Roux-en-Y gastric bypass, LAGB laparoscopic adjustable gastric banding, Sleeve sleeve gastrectomy, BPD 
biliopancreatic diversion, BMI body mass index, QoL quality of life 
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Figure A-61: Estimated change in BMI over time (from observational studies) 
 
 

 
Relative to standard care (assumed constant over time as per SOS study130) 
RYGB Roux-en-Y gastric bypass, LAGB laparoscopic adjustable gastric banding 
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Figure A-62: Estimated proportion of subjects with diabetes for standard care and 
surgical treatment of obesity (from observational studies) 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on data from the SOS study130 
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Figure A-63: Estimated proportion of subjects with diabetes for surgically treated subjects (from 
observational data) 

 
 
 
RYGB Roux-en-Y gastric bypass, LAGB laparoscopic adjustable gastric banding, BPD biliopancreatic diversion 
 
Based on data from Buchwald.17 In sensitivity analysis, sleeve was assumed to follow the same path as RYGB in 
terms of diabetes prevalence. The short-term resolution of diabetes in BPD patients was drawn from Buchwald and 
progression was assumed identical to RYGB. 
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Figure A-64: Tornado diagram of bariatric surgery (RYGB) vs standard care using lifetime horizon 
 

 
 

Incremental Cost/Eff incremental cost-effectiveness (cost per QALY gained), RYGB Roux-en-Y gastric bypass, BMI body mass index, HTN hypertension, DM 
diabetes mellitus, OR operating room, GP general practitioner 
 

A tornado diagram is a visual representation of the sensitivity of a model to the uncertainty of individual variables. This tornado diagram plots the impact on 
incremental cost-effectiveness of uncertain variables over their individual ranges, holding all other variables at their baseline value. Variables are sorted in 

descending impact order and only the 14 variables with the greatest impact are represented.
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Figure A-65: Probabilistic sensitivity analysis of bariatric surgery (RYGB) vs standard care 

 
RYGB Roux-en-Y gastric bypass 



  A-136

Figure A-66 : Cost-effectiveness acceptability curve of bariatric surgery (RYGB) vs standard care using 10-year horizon  
 

 
 RYGB Roux-en-Y gastric bypass, QALY quality-adjusted life years 
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Figure A-67: Tornado diagram of LAGB vs RYGB using lifetime horizon 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Incremenal Cost/Eff Incremental cost-effectiveness (cost per QALY gained), LAGB laparoscopic adjusted gastric band, RYGB Roux-en-Y gastric bypass, BMI 
body mass index, HTN hypertension, DM diabetes mellitus,  
OR operating room, LOS length of stay 
 
A tornado diagram is a visual representation of the sensitivity of a model to the uncertainty of individual variables. This tornado 
diagram plots the impact on incremental cost-effectiveness of uncertain variables over their individual ranges, holding all other 
variables at their baseline value. Variables are sorted in descending impact order and only the 13 variables with the greatest impact are 
represented.
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Figure A-68: Probabilistic sensitivity analysis of LAGB vs RYGB 
 
  

 
 LAGB laparoscopic adjustable gastric banding, RYGB Roux-en-Y gastric bypass  
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APPENDIX 9: TABLES FOR VOLUME-OUTCOME REVIEW 
 

Table A-29: Description of included volume-outcome studies 
Author 
Year 

State or Country 
 

Dataset 
Time period 

Obesity definition 
Surgery (Approach) 

Exposure Sample size Mean age (y) 
% female 

Ballantyne153 
2008 
New Jersey 
 

University Medical Centre RC 
1998-2006 

 

- 
VBGP-RYGB (open), 

RYGB (lap), 
AGB (lap) 

9 years 
(in 1 hospital) 

 

5,365 
 

41* 
75 

 

Chevallier154 
2007 
France 

Multiple Hospitals PC 
2002–2003 

 

- 
AGB (lap) 

 

310 surgeons 
(in 263 hospitals) 

 

1,236 
 

40-49* 
- 
 

Livingston148 
2007 
USA 

NIS Registry 
2001-2003 

 

- 
GB, JB (unspecified) 

 

741 hospitals 
 

51,842 
 

41* 
- 
 

Murr149 
2007 
Florida 

Government Service Registry 
1999-2003 

 

Morbid obesity 
Any (open) 

 

5 years with 
multiple surgeons 

and hospitals 

19,174 
 

~42 
~80 

 
Parker156 
2007 
New York 

Government Service Registry 
2003 

 

- 
GB (both) 

 

79 hospitals 
 

24,534 
 

37-42 
~80 

 
Takata155 
2007 
California 

University Medical Center PC 
2003-2006 

 

NIH definition 
RYGB (both) 

 

Per 50 cases 
in 1 hospital with 3 

surgeons 

379 
 

45 
84 

 
Weller150 
2007 
New York 

Government Service Registry 
2003 

 

Morbid obesity 
GB, GP 
(open) 

147 surgeons, 78 
hospitals 

 

7,868 
 

42 
81 

 
Gonzalez157 
2006 
Florida 

University Medical Center PC 
1998-2004 

 

NIH definition 
RYGB (lap) 

 

Per 50 cases 
(in 1 hospital) 

 

200 
 

48* 
95 

 
Carbonell162 
2005 
USA 

NIS Registry 
2000 

 

Morbid obesity 
GB (both) 

 

137 hospitals 
 

5,876 
 

40-49* 
86 

 
Flum158 
2005 
USA 
 

National Insurance Service Registry 
1997-2000 

 

- 
Any (unspecified) 

 

Per no of cases 
in ~462 surgeons 

 

16,155 
 

48 
76 
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Table A-29: Description of included volume-outcome studies 
Author 
Year 

State or Country 
 

Dataset 
Time period 

Obesity definition 
Surgery (Approach) 

Exposure Sample size Mean age (y) 
% female 

Kothari160 
2005 
Virginia 
 

University Medical Center PC 
2001-2003 

 

NIH definition 
GB (lap) 

 

Per ~44 cases 
in 1 surgeon 

 

175 
 

42 
84 

 

McCarty159 
2005 
Texas 

University Medical Center PC 
2001-2004 

 

NIH definition 
RYGB (lap) 

 

Per 50 cases 
in 4 surgeons 

 

2,000 
 

42 
87 

 
Nguyen151 
2004 
USA 

University Health System Consortium 
Registry 

1999-2002 
 

Morbid obesity 
GB (both) 

 

93 hospitals 
 

24,166 
 

- 
83 

 

Courcoulas152 
2003 
Pennsylvania 

Government Service Registry 
1999-2001 

 

- 
GB (unspecified) 

 

129 surgeons, 73 
hospitals 

 

4,674 
 

42 
82 

 
Liu164 
2003 
California 

Government Service Registry 
1996-2000 

 

Morbid obesity 
GB (unspecified) 

 

101 hospitals 
 

16,232 
 

41 
84 

 
Schauer161 
2003 
Pittsburg 

University Medical Center RC 
1997-2001 

 

- 
RYGB (lap) 

 

Per 50 cases 
(in 1 hospital) 

 

150 
 

44 
79 

 
Lopez163 
2002 
Florida 

Government Service Registry 
1999 

 

Morbid obesity 
any (unspecified) 

 

44 surgeons 
 

933 
 

- 
- 
 

USA United States of America, RC retrospective cohort, PC prospective cohort, NIS National Inpatient Survey, VBGP vertical banded gastroplasty, RYGB 
Roux-en-Y gastric bypass, Lap laparascopic, AGB adjustable gastric banding, GB gastric bypass, JB jejunoileal bypass, GP gastroplasty, NIH National Institutes 
of Health 
*median 
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Table A-30: All-cause mortality: Hospital volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Livingston 2007 <125 cases/y 
≥125 cases/y 

 

OR: 2.22 (1.43,3.45) 
1.00 [referent] 

Logistic (age, sex) 51,842 

Livingston 2007 
 

For every decrease  
in 50 surgeries 

 

OR: 1.13 (1.06,1.20) Logistic (age, sex) 51,842 

Murr 2007 
 

1-9 cases/5y 
10-99 cases/5y 

100-199 cases/5y 
200-499 cases/5y 
≥500 cases/5y 

RR: 7.85 (1.91,32) 
2.39 (1.11,5.16) 
0.61 (0.15,2.52) 
1.00 (0.46,2.17) 
1.00 [referent] 

 

None 19,174 

Parker 2007 
 

<50 cases/y 
50-124 cases/y 
≥125 cases/y 

 

RR: 5.50 
2.00 

1.00 [referent] 

None 24,534 

Carbonell 2005 “Hospital volume” 
 

P=NS Logistic (age, sex, Charlson score, payer, 
bed size, region) 

 

5,967 

Carbonell 2005 <50 cases/y 
50-99 cases/y 

100-199 cases/y 
≥200 cases/y 

 

RR: 5.13 (1.23,21) 
8.40 (2.06,34) 
7.41 (1.96,28) 
1.00 [referent] 

None 5,967 

Courcoulas 2003 
 

First tertile (1-4 cases) 
Second tertile (5-32 cases) 

Third tertile (34-887) 
 

RR: 6.64 
12 

1.00 [referent] 

Mixed linear (age, sex, race, co-morbidity, 
illness severity, insurance status, surgeon 

volume) 
 

4,674 

Courcoulas 2003 
 

First tertile (1-4 cases) 
Second tertile (5-32 cases) 

Third tertile (34-887) 
 

RR: 4.87 (0.67,35) 
4.25 (1.82,9.92) 
1.00 [referent] 

None 4,674 

CI confidence interval, OR odds ratio, RR rate ratio, NS non-significant, bolded estimates indicated reported statistical significance 
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Table A-31: Length of stay: Hospital volume 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

Carbonell 2005 <50 cases/y 
50-99 cases/y 

100-199 cases/y 
≥200 cases/y 

 

Mean days: 5.0 
4.9 
4.4 
2.9 

None 
 

5,967 
 

Nguyen 2004 
 

<50 cases/y 
50-100 cases/y 
>100 cases/y 

 

Mean days: 5.1 (SE 0.08) 
4.4 (0.04) 
3.8 (0.02) 

None 
 

24,166 
 

CI confidence interval, SE standard error, bolded estimates indicated reported statistical significance 
 

Table A-32: Readmission: Hospital volume 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

Weller 2007 
 

≤100 cases/y 
101-200 cases/y 
201-300 cases/y 

>300 cases/y 
 

OR: 1.53 (1.11,2.10) 
2.83 (2.14,3.74) 
2.18 (1.68,2.82) 
1.00 [referent] 

 

Logistic (age, sex, race, comorbidities, LOS, 
surgeon volume) 

7,868 

Nguyen 2004 <50 cases/y 
50-100 cases/y 
>100 cases/y 

 

RR: 1.98 (1.11,3.52) 
1.01 (0.61,1.69) 
1.00 [referent] 

None 
 

24,166 

CI confidence interval, OR odds ratio, RR risk ratio, LOS length of stay, bolded estimates indicated reported statistical significance 
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Table A-33: Surgical sequelae: Hospital volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Murr 2007 
 

1-9 cases/5y 
10-99 cases/5y 

100-199 cases/5y 
200-499 cases/5y 
≥500 cases/5y 

 

OR: 2.1 (1.2,3.5) 
1.3 (1.1,1.5) 
0.6 (0.4,0.7) 
0.9 (0.8,1.1) 

1.00 [referent] 
 

Logistic (age, sex, year) 19,174 

Murr 2007 
 

10-99 cases/5y 
100-199 cases/5y 
200-499 cases/5y 
≥500 cases/5y 

 

RR: 1.22 (1.04,1.43) 
0.52 (0.41,0.67) 
0.92 (0.81,1.04) 
1.00 [referent] 

None 19,072 

Parker 2007 
 
Anastomotic leak 
 

<50 cases/y 
50-124 cases/y 
≥125 cases/y 

 

RR: 1.70 
1.33 

1.00 [referent] 

None 
 

24,534 

Weller 2007 
 

≤100 vs >100 cases/y 
≤125 vs >125 cases/y 
≤150 vs >150 cases/y 
≤200 vs >200 cases/y 

OR: 1.56 (1.01,2.41) 
1.71 (1.13,2.58) 
1.75 (1.15,2.65) 
2.20 (1.46,3.33) 

 

Logistic [GEE] (age, sex, race, 
comorbidity) 

7,868 

Weller 2007 
 

≤100 vs >100 cases/y 
≤125 vs >125 cases/y 
≤150 vs >150 cases/y 
≤200 vs >200 cases/y 

OR: 1.53 (0.98,2.40) 
1.66 (1.09,2.53) 
1.67 (1.10,2.54) 
2.09 (1.38,3.16) 

 

None 7,868 

Weller 2007 
 

≤25 cases/y 
26-50 cases/y 

51-100 cases/y 
101-150 cases/y 

>150 cases/y 
 

RR: 1.90 (1.55,2.34) 
1.88 (1.48,2.39) 
1.58 (1.11,2.25) 
2.68 (2.06,3.49) 
1.00 [referent] 

 

None 7,868 

Carbonell 2005 “Hospital volume” 
 

OR: 0.94 (0.87,1.02) Logistic (age, sex, Charlson score, payer, 
bed size, region) 

5,967 

Carbonell 2005 <50 cases/y 
50-99 cases/y 

100-199 cases/y 

RR: 1.83 (1.49,2.24) 
1.48 (1.16,1.88) 
1.50 (1.23,1.82) 

None 
 

5,967 
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Table A-33: Surgical sequelae: Hospital volume 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

≥200 cases/y 
 

1.00 [referent] 

Nguyen 2004 <50 cases/y 
50-100 cases/y 
>100 cases/y 

 

RR: 1.42 (1.28,1,58) 
1.21 (1.12,1.30) 
1.00 [referent] 

None 
 

24,166 

Courcoulas 2003 
 

First tertile (1-4 cases) 
Second tertile (5-32 cases) 

Third tertile (34-887) 
 

RR: 1.92 
1.98 

1.00 [referent] 
 

Mixed linear (age, sex, race, comorbidity, 
illness severity, insurance status, surgeon 

volume) 
 

4,674 

Courcoulas 2003 
 

First tertile (1-4 cases) 
Second tertile (5-32 cases) 

Third tertile (34-887) 
 

RR: 1.94 (1.23,3.06) 
1.98 (1.67,2.35) 
1.00 [referent] 

None 4,674 

Liu 2003 <50 cases/y 
50-99 cases/y 

100-199 cases/y 
≥200 cases/y 

 

OR: 2.72 (1.57,4.73) 
2.70 (1.41,5.20) 
1.30 (0.74,2.29) 
1.00 [referent] 

Logistic (sex, Charlson score) 
 

16,232 

Liu 2003 <50 cases/y 
50-99 cases/y 

100-199 cases/y 
≥200 cases/y 

 

RR: 2.56 (2.25,2.91) 
2.47 (2.19,2.79) 
1.26 (1.10,1.44) 
1.00 [referent] 

None 
 

16,232 

CI confidence interval, OR odds ratio, RR risk ratio, GEE generalized estimating equations, bolded estimates indicated reported statistical significance 
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Table A-34: Cost: Hospital volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Nguyen 2004 
 

<50 cases/y 
50-100 cases/y 
>100 cases/y 

 

Mean USD: 13,908 (SE 183) 
11,619 (90) 
10,292 (57) 

None 
 

24,166 

Carbonell 2005 
 

<50 cases/y 
50-99 cases/y 

100-199 cases/y 
≥200 cases/y 

 

Mean USD: 27,208 
25,955 
24,737 
23,486 

None 
 

5,967 

CI confidence interval, USD United States dollars, SE standard error, bolded estimates indicated reported statistical significance 
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Table A-35: All-cause mortality: Surgeon volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment)/ Test Sample size 

Murr 2007 
 

1-5 cases/5y 
6-99 cases/5y 

100-199 cases/5y 
200-499 cases/5y 
≥500 cases/5y 

RR: 6.82 (1.60,29.13) 
2.85 (1.32,6.16) 
1.50 (0.51,4.42) 
1.55 (0.81,2.95) 
1.00 [referent] 

 

None 19,174 

Flum 2005 
 

For any quartile decrease OR: 1.3 (1.1,1.3) Logistic (age, sex, Charlson score) 16,155 

Flum 2005 
 

Lower half 
Upper half 

 

OR: 1.6 (1.3,2.0) 
1.00 [referent] 

Logistic (age, sex, Charlson score) 16,155 

Flum 2005 
 
<65 y 
 

<15 cases/y 
15-35 cases/y 
36-70 cases/y 
71-268 cases/y 

 

RR: 1.62 (1.26,2.06) 
1.14 (0.87,1.48) 
1.35 (1.05,1.74) 
1.00 [referent] 

None 12,891 

Flum 2005 
 
≥65 y 
 

<15 cases/y 
15-35 cases/y 
36-70 cases/y 
71-268 cases/y 

 

RR: 5.52 (2.98,10.24) 
1.71 (0.82,3.58) 
1.15 (0.51,2.57) 
1.00 [referent] 

None 1,320 

Courcoulas 2003 
 

<10 cases/y 
10-50 cases/y 
51-100 cases/y 
>100 cases/y 

 

RR: 14 
1.94 
2.70 

1.00 [referent] 
 

Mixed linear (age, sex, race, co-morbidity, 
illness severity, insurance status, hospital 

volume) 
 

4,674 

Courcoulas 2003 
 

<10 cases/y 
10-50 cases/y 
51-100 cases/y 
>100 cases/y 

 

RR: 4.80 (1.67,14) 
1.93 (0.73,5.13) 
2.39 (0.60,9.53) 
1.00 [referent] 

None 
 

4,674 

Lopez 2002 
 

<2 cases/mo 
≥2 cases/mo 

 

RR: 1.13 (0.13,10) 
1.00 [referent] 

None 933 

CI confidence interval, RR risk ratio, OR odds ratio, bolded estimates indicated reported statistical significance 
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Table A-36: Length of stay: Surgeon volume 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

McCarty 2005 
 
≤23 h discharge 
 

≤50 cases 
>50 cases 

RR: 1.04 (0.95,1.19) OR: 1.10 
1.00 [referent] 

 

Logistic (sex, BMI, comorbidities, steroid 
bolus) 

 

2,000 

McCarty 2005 
 
≤23 h discharge 
 

≤50 cases 
>50 cases 

RR: 1.64 (1.42,1.85) OR: 2.44 
1.00 [referent] 

 

Logistic (none) 
 

2,000 

Lopez 2002 
 

<2 cases/mo 
≥2 cases/mo 

 

Mean days: 5.9 (SE 0.7) 
4.5 (0.2) 

None 933 

CI confidence interval, RR risk ratio, SE standard error, BMI body mass index, bolded estimates indicated reported statistical significance 
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Table A-37: Readmission: Surgeon volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Weller 2007 
 

≤25 cases/y 
26-150 cases/y 
>150 cases/y 

 

OR: 16 (12,21) 
1.00 [referent] 

4.18 (3.22,5.44) 
 

Logistic (age, sex, race, co-morbidities, LOS, 
hospital volume) 

7,868 

CI confidence interval, OR odds ratio, LOS length of stay, bolded estimates indicated reported statistical significance 
 

Table A-38:  50% or more excess weight loss: Surgeon volume 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

Chevallier 2007 
 

1-2 cases/2 mo 
3-6 cases/2 mo 

7-14 cases/2 mo 
≥15 cases/2 mo 

 

OR: 1.00 [referent] 
1.86 (1.20,2.90) 
1.70 (1.15,2.52) 
1.70 (1.13,2.56) 

Logistic (age, BMI, physical activity, eating 
habits) 

 

942 

Chevallier 2007 
 

1-2 cases/2 mo 
3-6 cases/2 mo 

7-14 cases/2 mo 
≥15 cases/2 mo 

 

RR: 1.00 [referent] 
1.03 (0.79,1.35) 
1.04 (0.79,1.37) 
1.52 (1.17,1.96) 

 

None 942 

CI confidence interval, OR odds ratio, RR risk ratio, BMI body mass index, bolded estimates indicated reported statistical significance 
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Table A-39: Surgical sequelae: Surgeon volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Chevallier 2007 
 

1-2 cases/2 mo 
3-6 cases/2 mo 

7-14 cases/2 mo 
≥15 cases/2 mo 

 

RR: 2.30 (1.38,3.84) 
2.21 (1.36,3.59) 
2.06 (1.24,3.42) 
1.00 [referent] 

 

None 946 

Murr 2007 
 

1-5 cases 
6-99 cases 

100-199 cases 
200-499 cases 
≥500 cases 

 

OR: 2.0 (1.3,3.1) 
1.4 (1.1,1.6) 
0.9 (0.7,1.1) 
1.3 (1.1,1.4) 
1.0 [referent] 

 

Logistic (age, sex, year) 19,174 

Murr 2007 
 

6-99 cases 
100-199 cases 
200-499 cases 
≥500 cases 

 

RR: 1.22 (1.05,1.41) 
0.83 (0.67,1.01) 
1.22 (1.11,1.35) 
1.00 [referent] 

None 19,072 

Weller 2007 
 

≤25 vs >25 cases/y 
≤50 vs >50 cases/y 
≤100 vs >100 cases/y 
≤150 vs >150 cases/y 

 

OR: 1.35 (0.90,2.00) 
1.15 (0.79,1.66) 
2.39 (1.59,3.59) 
2.05 (1.29,3.25) 

 

Logistic [GEE] (age, sex, race, 
comorbidities) 

7,868 

Weller 2007 
 

≤25 vs >25 cases/y 
≤50 vs >50 cases/y 
≤100 vs >100 cases/y 
≤150 vs >150 cases/y 

 

OR: 1.30 (0.86,1.95) 
1.13 (0.78,1.64) 
2.32 (1.55,3.49) 
1.99 (1.25,3.16) 

 

None 7,868 

Weller 2007 
 

≤25 cases/y 
26-50 cases/y 

51-100 cases/y 
101-150 cases/y 

>150 cases/y 
 

RR: 1.84 (1.37,2.47) 
1.41 (1.01,1.98) 
2.97 (2.43,3.62) 
1.22 (0.95,1.56) 
1.00 [referent] 

 

None 7,868 

Courcoulas 2003 
 

<10 cases/y 
10-50 cases/y 

51-100 cases/y 

RR: 2.01 
1.27 
1.12 

Mixed linear (age, sex, race, co-
morbidity, illness severity, insurance 

status, hospital volume) 

4,674 
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Table A-39: Surgical sequelae: Surgeon volume 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

>100 cases/y 
 

1.00 [referent] 
 

 

Courcoulas 2003 
 

<10 cases/y 
10-50 cases/y 

51-100 cases/y 
>100 cases/y 

 

RR: 1.93 (1.61,2.30) 
1.23 (1.06,1.42) 
1.05 (0.81,1.36) 
1.00 [referent] 

None 4,674 

Lopez 2002 
 

<2 cases/mo 
≥2 cases/mo 

 

RR: 1.44 (0.92,2.26) 
1.00 [referent] 

None 933 

CI confidence interval, RR risk ratio, OR odds ratio, GEE generalized estimating equations, bolded estimates indicated reported statistical significance 
 

 
Table A-40: Cost: Surgeon volume 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Lopez 2002 
 

<2 cases/mo 
≥2 cases/mo 

 

Mean USD: 32,000 (SE 2600) 
26,000 (1000) 

None 933 

CI confidence interval, USD United States dollars, SE standard error, bolded estimates indicated reported statistical significance 
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Table A-41: All-cause mortality: Across time 
Author Year 

 
Volume Estimate (95% CI) Model (Adjustment) Sample size 

Ballantyne 2008 1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

 

RR: 3.64 (0.07,182) 
6.92 (0.28,169) 
1.47 (0.03,74) 
2.34 (0.10,57) 
2.31 (0.11,48) 
0.43 (0.01,22) 
0.44 (0.01,22) 
3.16 (0.16,61) 
1.00 [referent] 

 

None 5,357 

Murr 2007 
 

Per year decrease 
 

OR: 1.33 (1.09,1.64) Logistic (age, sex) 19,174 

Murr 2007 
 

1999 
2000 
2001 
2002 
2003 

 

RR: 2.01 (0.57,7.11) 
2.64 (1.08,6.44) 
2.25 (1.06,4.81) 
1.48 (0.69,3.16) 
1.00 [referent] 

 

None 19,174 

Gonzalez 2006 
 

First quartile 
Second quartile 
Third quartile 
Fourth quartile 

 

RR: 1.24 (0.55,2.79) 
1.47 (0.67,3.21) 
1.00 (0.42,2.38) 
1.00 [referent] 

 

None 200 

CI confidence interval, RR risk ratio, OR odds ratio, bolded estimates indicated reported statistical significance 
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Table A-42: Length of stay: Across time 
Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Murr 2007 
 
90th percentile hospital 
stay 
 

Per year decrease 
 

OR: 1.33 (1.28,1.37) Logistic (age, sex) 19,174 

Murr 2007 
 
90th percentile hospital 
stay 
 

1999 
2000 
2001 
2002 
2003 

 

RR: 2.17 (1.84,2.56) 
2.26 (1.99,2.56) 
2.26 (2.04,2.51) 
1.25 (1.12,1.39) 
1.00 [referent] 

 

None 19,174 

Schauer 2003 
 

First tertile 
Second tertile 
Third tertile 

 

Mean days: 2.7 
2.5 
3.6 

None 150 

CI confidence interval, OR odds ratio, RR risk ratio, bolded estimates indicated reported statistical significance 
 

Table A-43: Conversion: Across time 
 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Gonzalez 2006 
 

First quartile 
Second quartile 
Third quartile 
Fourth quartile 

 

RR: 15.00 (0.88,256) 
7.00 (0.37,132) 
3.00 (0.13,72) 
1.00 [referent] 

 

None 200 

Schauer 2003 
 

First tertile 
Second tertile 
Third tertile 

 

RR: 1.00 (0.11,9.29) 
0.33 (0.01,7.99) 
1.00 [referent] 

None 150 

CI confidence interval, RR risk ratio, LOS length of stay, bolded estimates indicated reported statistical significance 
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Table A-44: Surgical sequelae: Across time 

Author Year 
 

Volume Estimate (95% CI) Model (Adjustment) Sample size 

Murr 2007 
 

Per year decrease 
 

OR: 1.05 (1.01,1.10) Logistic (age, sex) 19,174 

Murr 2007 
 

1999 
2000 
2001 
2002 
2003 

RR: 1.25 (1.01,1.56) 
1.41 (1.21,1.65) 
1.36 (1.21,1.54) 
1.27 (1.14,1.42) 
1.00 [referent] 

None 19,174 

Takata 2007 
 
GJ stricture 

first 50 cases 
>50 cases 

RR: 2.29 (0.83,6.30) 
1.00 [referent] 

None 379 

Gonzalez 2006 
 

First quartile 
Second quartile 
Third quartile 
Fourth quartile 

RR: 1.24 (0.55,2.79) 
1.47 (0.67,3.21) 
1.00 (0.42,2.38) 
1.00 [referent] 

None 200 

Kothari 2005 
 
Anastomotic leak 

First quartile 
Second quartile 
Third quartile 
Fourth quartile 

RR: 0.98 (0.02,48) 
2.93 (0.12,70) 
0.98 (0.02,48) 
1.00 [referent] 

None 175 

Kothari 2005 
 
Hernia/ obstruction 

First quartile 
Second quartile 
Third quartile 
Fourth quartile 

RR: 2.93 (0.12,70) 
0.98 (0.02,48) 
0.98 (0.02,48) 
1.00 [referent] 

None 175 

Kothari 2005 
 
DVT/ PE 

First quartile 
Second quartile 
Third quartile 
Fourth quartile 

RR: 0.98 (0.02,48) 
0.98 (0.02,48) 
0.98 (0.02,48) 
1.00 [referent] 

None 175 

Liu 2003 
 

1996 
2000 

RR: 1.99 (1.69,2.34) 
1.00 [referent] 

None 7,435 

Schauer 2003 
 

First tertile 
Second tertile 
Third tertile 

 

RR: 1.77 (1.01,3.08) 
1.15 (0.61,2.17) 
1.00 [referent] 

None 150 

CI confidence interval, OR odds ratio, RR risk ratio, bolded estimates indicated reported statistical significance 
 
 



  A-154

APPENDIX 10: TABLES FOR HEALTH SERVICES IMPACT 
 

Table A-45: Estimated number of Canadians eligible for bariatric surgery 

 
Canada ON QC BC AB MB SK NS NB NL PEI 

BMI ≥ 40 kg/m2 300,207 118,888 51,771 33,733 25,931 16,077 12,291 15,249 14,427 7,884 2,679 

BMI ≥ 35 kg/m2 with 
comorbidity* 

411,559 155,592 87,663 44,339 42,393 15,130 16,435 15,921 16,068 13,441 2,668 

Total persons 
potentially eligible for 
bariatric surgery 
 

711,766 274,481 139,434 78,072 68,324 31,207 28,727 31,170 30,495 21,325 5,347 

Estimated surgical 
population (1%) 

7,118 2,745 1,394 781 683 312 287 312 305 213 53 

Estimated surgical 
population (2%) 

14,235 5,490 2,789 1,561 1,366 624 575 623 610 426 107 

Estimated surgical 
population (5%) 

35,588 13,724 6,972 3,904 3,416 1,560 1,436 1,558 1,525 1,066 267 

* estimated 60% in this BMI category with comorbidity 
 
CCHS Canadian Community Health Survey, BMI body mass index, ON Ontario, QC Québec, BC British Columbia, AB Alberta, MB Manitoba, SK 

Saskatchewan, NS Nova Scotia, NB New Brunswick, NL Newfoundland and Labrador, PEI Prince Edward Island 

 

Source: Statistics Canada, Ottawa, ON, Canada. 

Canadian Community Health Survey, cycle 3.1 (CCHS 3.1) 
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Table A-46: Volume of bariatric procedures performed by province in 2007 

 
Canada ON QC* BC AB MB SK NS NB NL PEI 

Volume of procedures  1267 396 407 175 206 3 17 20 40 3 NA 

Surgery performed in province  Y Y Y Y N N N Y N N 
 
 

* Data not available from QC in 2007; 2005 data reported 
 
CIHI Canadian Institute for Health Information,  ON Ontario, QC Québec, BC British Columbia, AB Alberta, MB Manitoba, SK 
Saskatchewan, NS Nova Scotia, NB New Brunswick, NL Newfoundland and Labrador, PEI Prince Edward Island 
 
 
Sources: Canadian Institute for Health Information (CIHI), Toronto, ON, Canada. 

Discharge Abstract Database (DAD) 

Hospital Morbidity Database (HMDB) 
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Table A-47: Trends in volume of bariatric procedures performed 1998 – 2007 

 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Volume of procedures 
(including miscodes)  

984 880 875 1072 1427 1232 1269 1227 1161 1267 

Volume of procedures 
(excluding miscodes) 

374 346 216 437 1382 1184 1227 1191 1122 1238 

* Data not available from QC in 2007; 2005 data used for years 2005, 2006 and 2007 
 
 
Sources: Canadian Institute for Health Information (CIHI), Toronto, ON, Canada. 

Discharge Abstract Database (DAD) 

Hospital Morbidity Database (HMDB) 
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Table A-48: Estimated shortfall of bariatric surgery provision in Canada (1%, 2% and 5% of potentially eligible 

population) 

 Percentage of potentially 
eligible undergoing bariatric 

surgery (%) 

Estimated number of 
surgeries 

Current provision of 
bariatric surgery 

Shortfall in bariatric 
surgery 

1 5,851 2,428 3,423 

2 12,968 2,428 10,540 

Perform surgery in eligible subjects 
over 5 years 

5 34,321 2,428 31,893 

1 5,851 4,856 995 

2 12,968 4,856 8,112 

Perform surgery in eligible subjects 
over 10 years 

5 34,321 4,856 29,465 
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Table A-49: Estimated cost of providing additional bariatric surgery (RYGB or LAGB) to treat 1%, 2% and 5% of 

potentially eligible population using a 5- year or 10-year time frame 

 Percentage of potentially eligible 
undergoing bariatric surgery (%)

Shortfall in bariatric 
surgery 

Cost Estimate RYGB 
($21,839)* 

Cost Estimate LAGB 
($14,586)* 

1 3,423 74,747,480 49,922,924 

2 10,540 230,190,064 153,741,118 

Perform surgery in eligible subjects 
over 5 years 

5 31,893 696,517,818 465,195,700 

1 995 21,722,388 14,508,116 

2 8,112 177,164,972 118,326,310 

Perform surgery in eligible subjects 
over 10 years 

5 29,465 643,492,726 429,780,892 

* Cost estimate includes pre-op, surgical, hospitalization and followup costs (not costs for comorbid conditions) 
RYGB Roux-en-Y gastric bypass, LAGB laparoscopic adjustable gastric banding 
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Box 1. Methodology 
 
 
 
 Database(s):   

 Discharge Abstract Database (DAD) 
 
Level(s) of Care (facility type and fiscal years):   

 DAD 
o Acute inpatient  
o Day surgery (DAD only) 
o FYs 1998-99 to 2007-08 (Quebec data not available for FYs 2006-07 to 

2007-08) 
  
Scope:   

 All acute inpatient and day surgery records of patients undergoing bariatric 
procedures  

(i) (CCP=56.93, CCI=1.NF.78.^^) 
(ii) † (ICD9=278.^ and CCP=56.2, 56.59) 

† (ICD-10-CA=E66.^ and CCI=1.NF.87.^^) 
†  To account for incorrect coding of bariatric 

procedures for the treatment of obesity in some provinces 
 
 
Provided by: Canadian Institute for Health Information              
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APPENDIX 11: FORMS 
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